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Inflammatory processes can underlie the etiology of several
pathological conditions ranging from metabolic to infectious
diseases. Periodontitis, a chronic oral infectious disease,
appears to occur as a result of a dysregulated host immune
response elicited by subgingival microorganisms occurring
in the dental biofilm. Whereas the activity of periodontal
pathogens is required, their presence is not sufficient to
account for the initiation and progression of periodontal
disease. Thus, the combination of the bacterial-elicited insults
and the poorly regulated host immune response causes dele-
terious effects on dentition supporting structures including
the periodontal ligament, alveolar bone, and gingival tissues.
Furthermore, emerging evidence suggests that periodontal
disease can impact on host susceptibility for acquiring other
diseases.

The relationship between periodontitis and other patho-
logical conditions could be established by the immunogenic
potential of host and/or bacterial products that reach the
bloodstream and target distant organs and systems. For
instance, lipopolysaccharide, a key component of the outer
membrane of Gram-negative bacteria, stimulates host cells to
produce a number of potent proinflammatory cytokines such
as tumor necrosis factor alpha, interleukin-1, and interleukin-
6. It also stimulates the production of other inflammatory
mediators, such as prostaglandin E2 and nitric oxide. This
inflammatory cascade promotes metalloproteinase matrix
release from host tissues and causes deleterious effects in the
extracellular matrix and alveolar bone. Thus, periodontitis
could start as a local infection, but the triggering of a chronic
inflammatory cascade could cause that oral bacteria, LPS,

and/or several potent bacterial-induced proinflammatory
molecules enter the bloodstream to increase the suscepti-
bility of acquiring other infectious diseases and/or severe
pathological conditions such as cardiovascular disease, cere-
brovascular diseases, peripheral arterial disease, respiratory
diseases, mental disorders (e.g., depression), diabetes, obesity,
rheumatoid arthritis, osteoporosis, and complications of
pregnancy. Additionally, chronic environmental insults such
as exposure to stress, cafeteria diet, smoking, alcoholism,
and drugs of abuse could also predispose the host to acquire
and/or exacerbate the deleterious effects of periodontal dis-
ease and other related conditions. Some of these insults may
in turn exacerbate the severity and incidence of periodontal
disease by increasing the susceptibility of an impaired host
immune response to oral bacteria and their by-products.
Indeed, emerging evidence supports the fact that a bidi-
rectional relationship between periodontitis and systemic
diseases exists.

Since the understanding of the possible relationship
between periodontitis and other systemic diseases still
remains to be understood, we decided to edit this special
issue on “Periodontal Disease and Its Systemic Associated
Diseases” to bring attention on the deleterious impact that
this chronic condition could impose on the host. The con-
tributions to this special issue reported on some pathogenic
and diagnostic aspects of periodontal disease, and its putative
systemic associated conditions.

In the paper entitled “Inflammatory Mediators of Lep-
rosy Reactional Episodes and Dental Infections: A System-
atic Review” by D. Cortela et al., the authors conducted
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a systematic review of primary literature published between
1996 and 2013, to determine the main shared inflammatory
mediators in the immunopathological process of dental infec-
tions and leprosy reactions, concluding that these biomarkers
have predictive and prognostic value to help in the early
identification of patients at high risk of periodontal or leprosy
diseases.

C-reactive protein (CRP), a well-known marker of
inflammation, has been previously reported to predict risk
of cardiovascular and cerebrovascular diseases. Interestingly,
blood CRP levels also appear to reflect the severity of
periodontitis. In the paper “C-Reactive Protein in Peripheral
Blood of Patients with Chronic and Aggressive Periodontitis,
Gingivitis, and Gingival Recessions” by S. Podzimek et al.,
the authors compare and evaluate the systemic levels of
C-reactive protein (CRP) in peripheral blood samples of
patients with chronic and aggressive periodontitis, gingivitis,
and gingival recessions and compare them with periodontal
clinical parameters, concluding that CRP levels increase
subsequently with the severity of the periodontal disease.

The possible bidirectional relationship between peri-
odontitis and systemic diseases was evaluated by R. Nagpal
etal. In their paper “The Two-Way Association of Periodontal
Infection and Systemic Disorders: An Overview”, the authors
revised the literature aiming at explaining a possible bidirec-
tional link between the mechanism of periodontal diseases
and systemic/metabolic diseases where both conditions could
aggravate each other.

The putative relationship between periodontitis and
rheumatoid arthritis was reviewed by V. Araujo et al. In their
paper “Relationship between Periodontitis and Rheumatoid
Arthritis: Review of Literature”, the authors considered
the link between both diseases considering epidemiological
aspects, mechanical periodontal treatment, inflammatory
mediators, oral microbiota, and antibodies. They concluded
that there is a correlation between periodontal disease and
rheumatoid arthritis, which could occur as a result of a similar
shared imbalance in the immunoinflammatory response.

In the paper entitled “The Influence of Interleukin (IL)
17A and IL17F Polymorphisms on Chronic Periodontitis
Disease in Brazilian Patients” by J. Zacarias et al., the
authors investigated a possible role of ILI7A and ILI7F
polymorphisms in the immunopathogenic mechanism of
chronic periodontitis in a Southern Brazilian population.
Their results demonstrate, through the analysis of genotypes
by PCR-RFLP method, that the ILI7A G197 A rs2275913 poly-
morphism, ILI7A AA genotype, and A allele were associated
with an increased susceptibility to chronic periodontitis but
show no evidence for risk or protection associations for ILI7F
T7488C rs763780.

The potential association between type 1 diabetes, a
metabolic disease of autoimmune origin, and oral health has
been reviewed by M. Novotna et al. In their paper “Peri-
odontal Diseases and Dental Caries in Children with Type
1 Diabetes Mellitus”, the authors considered the literature
linking these two conditions. They have thoroughly discussed
evidence supporting the fact that type 1 diabetes increases the
risk of periodontitis. Moreover, there is compelling evidence
showing an association between poorly controlled type 1
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diabetes (higher HbAlc levels) and periodontitis. Thus, this
review highlights the relevance of controlling oral health in
patients undergoing type 1 diabetes.

In the paper entitled “HLA Haplotypes and Genotypes
Frequencies in Brazilian Chronic Periodontitis Patients” by E.
A. Sippert et al., the authors studied the associations of HLA
with chronic periodontitis (CP) in the Brazilian population to
clarify the genetic predisposition to CP. Their results provide
evidence that classes I and II HLA polymorphisms are associ-
ated with CP. HLA-A #02/B+*40 haplotype seems to represent
susceptibility factors, and HLA-B#15/DRB1x11 haplotypes
were potential protective factors against the disease.

We hope that this special issue will not only be useful
in providing insight into new and important aspects related
to periodontitis and its systemic associated diseases, but
also stimulate the development of novel research ideas and
therapeutic strategies in this particular field.
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CRP is a plasma protein that reflects a measure of the acute phase response to inflammation and is one of the markers of choice
in monitoring this response. CRP can be used for the prediction and early detection of periodontal disease. The aim of this study
was to compare and evaluate the systemic levels of CRP in the peripheral blood samples of patients with chronic and aggressive
periodontitis, gingivitis, and gingival recessions and compare them with periodontal clinical parameters. All patients (N = 158)
were examined prior to the initiation of periodontal treatment. Patients were divided into four groups. Group A consisted of 26
patients with aggressive periodontitis, Group B consisted of 111 patients with chronic periodontitis, Group C consisted of 13 patients
with gingivitis, and Group D consisted of 8 patients with gingival recessions. Our study results indicate that CRP levels increase
subsequently with the severity of the periodontal disease and that the bleeding on probing index showed much better positive
correlation with the CRP levels compared to the pocket depth index in both periodontitis patients groups, especially in aggressive

periodontitis patients.

1. Introduction

C-reactive protein (CRP) was discovered in 1930 during a
study of patients with Streptococcus pneumonia infection [1].
CRP is a plasma protein that reflects a measure of the acute
phase response to inflammation and is one of the markers
of choice in monitoring this response [2]. CRP participates
in the systemic response to inflammation. It is a pattern
recognition molecule that binds to specific molecules that are
produced during cell death or found on the surfaces of diverse
bacterial pathogens. Rapid increase in CRP synthesis within
hours after infection suggests its contribution to host defense
as part of the innate immune response [3].

CRP is produced in response to many forms of injury
other than periodontitis, such as other infections, trauma and
hypoxia, and it is regulated by diverse cytokines. CRP levels
have an association with smoking, obesity, triglycerides,
diabetes, and periodontal disease [4]. Changes in peripheral
blood cellular and molecular components can be found in

patients with periodontitis due to inflammatory changes of
the periodontal tissues [5].

Plasma levels of CRP rise rapidly and markedly as much
as 100-fold or more within 72 hours following tissue injury
and may increase as much as 1000-fold or more within a
longer period after an acute inflammatory stimulus; there-
fore, CRP is a sensitive marker to evaluate the inflammatory
status [3, 6]. Positive correlation between CRP and periodon-
tal disease severity was proved by many studies [7-11], and
levels of CRP decrease after nonsurgical periodontal therapy
[12-16].

A study by Jayaprakash et al. revealed that the periodon-
titis group had a higher mean CRP level (2.49 + 0.47 ng/mL)
compared to the gingivitis group (1.40 + 0.32ng/mL) and
healthy group (0.56 + 0.20 ng/mL) [10]. The study conducted
by Shojaee et al. demonstrated the difference between CRP
in healthy subjects and patients with periodontal disease,
gingivitis, chronic periodontitis and healthy control. The
CRP levels were 5332.62 + 5051.63 pg/mL in periodontitis
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patients, 3545.41 + 3061.38 pg/mL in the gingivitis group,
and 3108.51+3574.47 pg/mL in healthy subjects. The statistic
analysis showed a significant difference in CRP concentra-
tions between the periodontitis patients and healthy subjects
(p = 0.045) [17]. The patients with gingivitis and healthy
gingiva had lower levels of CRP than the patients with chronic
periodontitis. Furthermore, with increasing inflammation,
the high-sensitivity CRP levels increased proportionately
[18]. It is possible to use CRP in prediction and early detection
of periodontal disease [17].

Periodontal disease is an inflammatory disease that affects
the soft and hard structures that support the teeth. In its early
stage, called gingivitis, the gums become swollen and red due
to inflammation, which is the body’s natural response to the
presence of harmful bacteria. In the more serious form of
periodontal disease called periodontitis, the gums pull away
from the teeth, and the supporting gum tissues are destroyed.
Bone can be lost, and the teeth may loosen or eventually fall
out [19].

Most studies have focused on CRP levels in chronic
periodontitis, and very few are conducted on patients with
aggressive periodontitis [7].

Some types of gingival recessions occur in the absence of
periodontal disease. Such gingival recessions are considered
mucogingival deformities and are included in the category
of developmental or acquired deformities and conditions,
according to Armitage’s 1999 classification [20]. Gingival
recessions can be localized or generalized, and one or more
surfaces may be involved [21].

Positive correlation between CRP and periodontal dis-
ease severity with particular concern in younger individuals
could be a possible underlying pathway in the association
between periodontal diseases, and the observed higher risk of
cardiovascular disease in periodontitis patients is mentioned
in the study by Goyal et al. [7]. The inflammatory mediators,
serum elastase, and CRP are all associated with an increased
risk of coronary heart disease. Wohlfeil et al. compared these
systemic inflammatory mediators in periodontally healthy
controls, patients with untreated aggressive and chronic
periodontitis. Serum elastase and CRP were significantly
elevated in patients with untreated aggressive periodontitis
compared to healthy controls as well as systemic inflamma-
tory burden [22]. Patients with aggressive periodontitis have
statistically significant elevations in serum CRP levels com-
pared to subjects without periodontitis [23]. Periodontitis
is a local inflammatory process mediating the destruction
of periodontium triggered by bacterial insult, leading to
systemic inflaimmation in the host. Epidemiologically, it
has been modestly associated with cardiovascular diseases
with elevated acute phase reactants. The increased serum
CRP levels and neutrophils counts in chronic periodontitis
subjects suggest an addition to the inflammatory burden of
the individual, potentially striking towards an increasing risk
of cardiovascular events [24].

Thus, the aim of this study was to compare and evaluate
the systemic levels of CRP in the peripheral blood samples of
patients with chronic and aggressive periodontitis, gingivitis,
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and gingival recessions and compare them with periodontal
clinical parameters.

2. Materials and Methods

2.1. Study Population. All patients (N = 158) were recruited
from the patient pool of the Periodontology Department,
School of Dental Medicine, First Faculty of Medicine and
General University Hospital, Charles University, Prague,
Czech Republic, from 2014 to 2015 and all patients were
examined prior to the initiation of periodontal treatment.
Inclusion criteria were good general health, no medication,
diagnosis of chronic periodontitis or aggressive periodontitis,
gingivitis and gingival recession according to the ADA
AAP Classification [25], and patient’s agreement with CRP
level determination from peripheral blood. Exclusion criteria
included history of any systemic disease or any other disease
manifested locally in oral cavity, current pregnancy or lac-
tation, high blood pressure, sleep disturbances, depression,
excessive alcohol use, and smoking recently or in past 10
years. All patients were of Caucasian origin.

Patients were divided into four groups. Group A con-
sisted of 26 patients with aggressive periodontitis, Group B
consisted of 111 patients with chronic periodontitis, Group C
consisted of 13 patients with gingivitis, and Group D consisted
of 8 patients with gingival recessions.

Diagnosis of aggressive and chronic periodontitis, gin-
givitis, and gingival recessions was based on a detailed clinical
examination, medical and dental history, tooth mobility, and
radiographic assessment of intraoral X-ray status performed
in each patient.

Gingival recession is a noninflammatory periodontal
disease; therefore, we used patients with this affection as a
control group.

The study was performed with the approval of the Ethics
Committees from the First Faculty of Medicine and Gen-
eral University Hospital, Charles University, Prague, Czech
Republic. Written informed consent was obtained from all
participants in line with the Helsinki declaration before
inclusion in the study. This study was performed as a cross-
sectional study.

2.2. Periodontal Evaluation. Patients with aggressive peri-
odontitis, Group A, had to have at least one tooth with
positive bleeding on probing (BOP) and a pocket depth
(PD) of >5 mm in all quadrants (excluding the third molars).
Patients with chronic periodontitis had to have at least one
tooth with positive bleeding on probing (BOP) and pocket
depth (PD) of >2mm in all quadrants (excluding third
molars). Pocket depth was assessed by WHO periodontal
probe with a cut-off of 11.5 mm from six sites on every tooth
present. Bleeding on probing is a sign of inflammation and
indicates some sort of destruction and erosion to the lining of
the sulcus [26] or the ulceration of sulcular epithelium. The
blood comes from the lamina propria after the ulceration of
the lining.

In patients with gingivitis, Group C, we used two types of
evaluation indices: Papilla Bleeding Index (PBI) and clinical
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TABLE 1: Groups of patients: characteristics.
N Females (F)/males (M) Mean age + SD

Group A-aggressive periodontitis 26 F=13 36.6 £76 375+74
M=13 38474

Group B-chronic periodontitis m F=65 7+ 113 551+11.4
M =46 524 +11

Group C-gingivitis 13 F=10 A+ 131 392+ 12
M=3 33+£4.4

Group D-gingival recessions 8 k=3 53 £8.9 443+10.3
M=5 39+74

attachment loss (CAL). PBI is a periodontal index that eval- 3.5 -,

uates the gingival status, and bleeding is an indicator of this 3.0 0 1 PR "

condition. This index is used for monitoring during treatment 25 | e Lo 1

of gingivitis [27]. CAL is a sign of destructive (physiologically 5 2.0 : I |

irreversible) periodontal disease. In gingivitis, inflammation E 15 ik

localized to the supracrestal region of the periodontium 1.0 !

leads to ulceration of the junctional epithelium. Although 0.5

this is technically a loss of clinical attachment (because, 0.0

in health, the epithelium attaches to the surface of the £ ER £ E

tooth), CAL is used almost exclusively to refer to connec- §3§ £% Ed Ed

. . . . . P 1oe 3] el B ‘A

tive tissue attachment loss. Sites with periodontitis exhibit 1S 3 & g’ 4

clinical signs of gingival inflammation and loss of connective T 2 g5 = &2

tissue attachment. Connective tissue attachment loss refers e S g 5

o

to the pathological detachment of collagen fibers from the
cemental surface with the concomitant apical migration of
the junctional or pocket epithelium onto the root surface [28].
The workshop of Australian dental association categorized
a general guide for severity on the basis of clinical loss of
attachment as follows: slight = 1-2 mm CAL; moderate = 3 to
4mm CAL; and severe = 5mm CAL [29]. In our study we
measured CAL vestibulary for each tooth with a calibrated
Williams probe with a cut-off of 11.5 mm. For the statistical
evaluation we used the highest value from the upper and
lower jaw.

In patients with gingival recessions, Group D, we used
two types of evaluation indices: BOP and CAL. Gingival
recessions are noninflammatory affections of periodontium,
and this group can serve as control group for Groups A, B, and
C, which represent inflammatory diseases of periodontium.

All determined evaluation indices were assessed accord-
ing to WHO oral health surveys [30].

2.3. CRP Determination. CRP levels (mg/L) were measured
in capillary blood using device QuikRead go CRP + Hb
(Orion Diagnostica Oy, Finland), which works on the prin-
ciple of photometry and turbidimetry. Capillary blood from
the middle finger was collected from the patients before the
clinical periodontal examination using a thin glass capillary.
The samples were immediately processed and the established
values were recorded. All patients were informed in detail
about and consented to this marker determination.

2.4. Statistical Analysis. For calculations descriptive statis-
tics were used: mean, standard deviation, frequencies, and
standard error. This method was used to describe different

FIGURE 1: Levels of CRP.

groups in terms of age, CRP, and other indices present in
groups.

For evaluation of the differences between groups, Stu-
dent’s t-test was used.

To test linear dependence between the characters, corre-
lation coeflicient was calculated and coefficient of determina-
tion was used in Figures 2 and 3.

Significance level of 0.05 was used in all tests.

MS Excel 2013 and Data analysis toolpack add-in statisti-
cal software were used.

3. Results

Characteristics of tested groups are shown in Table 1.

In Group A, mean BOP index was 23.5 + 27.8% (mean +
SD), and mean PD was 5.7+2.7 mm (mean + SD). In Group B,
mean BOP index was 31.8+30.3% (mean + SD), and mean PD
was 5.2 + 2.3 mm (mean + SD). In Group C, mean PBI index
was 1.2 + 1.3 (mean + SD), and mean CAL was 1.9 + 1.8 mm
(mean + SD). In Group D, mean BOP index was 0.5 + 1.1%
(mean + SD), and mean CAL was 4.0 + 1.5 mm (mean + SD).

The levels of CRP in Group A patients (2.82 + 0.48 mg/L,
mean + SE), Group B patients (2.16+0.19, mean + SE), Group
C patients (2.13 + 0.48, mean + SE), and Group D patients
(1.33 £ 0.26, mean + SE) are shown in Figure 1. Statistically
significant differences were found between Group A and
Group D (p = 0.01) and between Group B and Group D
(p = 0.02).
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TABLE 2: Levels of CRP and clinical parameters in all tested groups.
Group Number CRP (mg/l) BOP (%) PD (mm) PBI (%) CAL (mm)
A 26 2.8 (+2.4) 235 (+27.8) 5.7 (£2.7)
B 1 22 (+2.0) 31.8 (+30.2) 5.2 (+2.3)
C 13 2.1(+1.7) 1.2 (+1.3) 1.9 (£1.8)
D 8 1.3 (+0.7) 0.5 (£L.1) 4.0 (+1.5)
TABLE 3: Statistical comparisons of clinical parameters and CRP 14
levels in all tested groups (R%: coefficient of determination). A
5 12 :
R Pearson p value
A-PD, CRP 0.0108 0.1039 0.6132 10
A-BOP, CRP 0.2611 0.5110 0.0076 s + :
B-PD, CRP 0.0175 0.1323 0.1686 ?o 8 - - ﬁ -
B-BOP, CRP 0.1392 0.3731 0.0001 f’ $ A
C-PBL CRP 0.3831 0.6190 0.0241 5 6 N A 3
C-CAL, CRP 0.3212 0.5667 0.0434 A A R = 0.0108
D-CAL, CRP 0.0079 0.0889 0.8346 S PN A e
D-BOP, CRP 0.2516 0.5016 0.2053 5 _g_g '_g_” - %—f """" R? = 0.0175
. A é gAA A g 2 ﬁ A +
14 0 5 10 15
12 A PD (mm)
% 10 + Group A-aggressive periodontitis
E 8|4 SRR A 'R? = 0.2611 Group A-aggressive periodontitis
2 6 + : St Cha A : f__A Lo A Group B-chronic periodontitis
U KT : A ‘. AT $ . i'_ — A :_ A _2_5 A ==~ Group B-chronic periodontitis
2 A%Zi AIQA%@_ Ziﬁ —A'A‘ AAAA‘ AA@ T 2‘3 92 FIGURE 3: Statistical correlations between PD and CRP levels in
00 10 20 30 40 50 60 70 8 90 100 Group A and Group B. (R*: coefficient of determination).
BOP (%)

+ Group A-aggressive periodontitis
Group A-aggressive periodontitis
A Group B-chronic periodontitis
- -~ Group B-chronic periodontitis

FIGURE 2: Statistical correlations between BOP and CRP levels in
Group A and Group B (R?: coefficient of determination).

All results are summarized in Table 2, and statistical
comparisons of clinical parameters and CRP levels are shown
in Table 3.

Statistical correlations between measured BOP indices
and determined CRP levels in Group A and Group B are
shown in Figure 2. Linear dependence in Group A (coeffi-
cient of determination 0.2611) was stronger than in Group B
(coefficient of determination 0.1392).

Statistical correlations between measured PD indexes and
determined CRP levels in Group A and Group B are shown in
Figure 3. Linear dependence was low in Group A (coefficient
of determination 0.0108) as well as in Group B (coefficient of
determination 0.0175).

4. Discussion

CRP represents a reliable marker of the acute phase response
to infectious burdens and/or inflammation [2]. Due to its
kinetics, CRP best describes the inflammatory status of
human organism [31]. Recent evidence has indicated that
patients with severe periodontitis have increased serum levels
of CRP compared to unaffected control population [4].

We compared and evaluated the systemic levels of CRP
in the peripheral blood samples of patients with chronic and
aggressive periodontitis, gingivitis, and gingival recessions.
CRP levels may fluctuate with various factors such as high
blood pressure, alcohol use, smoking, chronic fatigue, dia-
betes, sleep disturbances, depression, many other systemic
diseases, and pregnancy or lactation [32]. Therefore, we estab-
lished strong exclusion criteria (determined in Section 2.1)
for the patients to be included in this study.

Determined CRP levels were in correlation with
the severity of periodontal affection. The highest mean
value was found in patients with aggressive periodontitis
(2.82mg/L), and the lowest in patients with gingival
recessions (1.33mg/L). CRP, elastase, lipopolysaccharide
binding protein, and IL-6 levels were elevated in patients
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with untreated aggressive periodontitis compared to healthy
control group. Serum elastase and CRP are significantly
elevated in patients with untreated aggressive periodontitis.
Aggressive periodontitis patients exhibit a stronger systemic
inflammatory burden than control patients [22].

Ethnicity has been found to affect the levels of CRP [33]
and data in diverse populations are not comparable. A study
from the USA recorded CRP levels of 2.05 mg/L in aggressive
periodontitis patients with generalized form and CRP levels
of .1 mg/L in patients with localized form [23]. Another study
from the USA showed CRP levels of 4.06 mg/L in subjects
with high levels of clinical attachment loss mean [34]. A
Swedish study showed median CRP of 2 mg/L in periodontitis
patients [35]. In Netherlands, a study reported the highest
CRP levels (1.45mg/L) in patients with generalized form of
periodontitis and CRP levels of 1.30 mg/L in patients with
localized form [36]. Another study from India showed CRP
levels of 749 mg/L in aggressive periodontitis patients and
CRP levels of 4.88 mg/L in chronic periodontitis patients [37].
Therefore, in our study, only patients of Caucasian origin are
included.

Statistical correlations between measured BOP and PD
indices and determined CRP levels in periodontitis patient
groups, Groups A and B, were established. BOP showed
the best positive correlation with the levels of CRP in
the aggressive periodontitis group compared to the chronic
periodontitis group. In both periodontitis patient groups,
BOP showed much better positive correlation with the levels
of CRP compared to PD.

Significantly low levels of CRP were observed in the
gingival recessions group compared to the aggressive and
chronic periodontitis groups. This observation was in accor-
dance with the previous study, where the levels of CRP
were significantly lower in gingivitis patients compared to
periodontitis patients [38].

A similar phenomenon to what was found in this study
regarding CRP levels in patients with aggressive and chronic
periodontitis and gingivitis was also published by other
researchers. Study of Goyal et al. showed the highest CRP
levels in patients with aggressive periodontitis and the lowest
values in the group of healthy patients [7]. Other stud-
ies showed increased CRP levels in patients with chronic
periodontitis compared to patients with gingivitis [10, 17].
Thus, CRP increases with disabilities of periodontium. The
comparison of CRP and BOP index is a very important issue.
BOP is one of the most important parameters for evaluating
the periodontal status of patients with periodontitis. BOP
is also the only periodontal parameter which shows the
significant relationship with systemic parameters such as
CRP and fibrinogen levels, and the white blood cell count,
as confirmed in a recent study by Bokhari et al. [39].

Observed association between periodontal conditions
and systemic CRP showed that periodontal affections may
be one of the factors contributing to systemic inflammation.
In the study by Beck et al. it was demonstrated that while
attachment loss, pocket depth (PD), and bleeding on prob-
ing (BOP) are individually associated with serum soluble
intercellular adhesion molecule and CRP, only BOP remains
significant for serum soluble intercellular adhesion molecule

when all 3 are in the model, and for CRP, only PD remains
significant. Both of these clinical parameters were more
robust in estimating the degree of systemic inflammation
than traditional classifications of mild, moderate, and severe
periodontitis or other measures of disease severity such as
attachment loss [40].

Novelty of obtained results was based on the comparison
of four types of periodontal diseases, as usually two or
three types are compared, and on comparison of diverse
periodontal indices with subsequently established CRP levels
in patient’s peripheral blood.

5. Conclusion

Our study results show that CRP levels increase subsequently
with the severity of the periodontal disease. The lowest CRP
levels were found in patients with gingival recessions, increas-
ing in patients with gingivitis and patients with chronic
periodontitis, with the highest levels found in aggressive
periodontitis patients.

The bleeding on probing index showed much better
positive correlation with the CRP levels compared to the
pocket depth index in both periodontitis patient groups,
especially in aggressive periodontitis patients.

Further studies are needed to clarify this association and
the associated confounding factors. In further research, other
systemic markers that might be more specific to periodontal
disease such as fibrinogen, leptin, white blood cell count,
and interleukin-6 should be considered. Changes in their
values during the treatment of periodontal disease could
lead to improved monitoring of periodontal tissue status
during therapy. Elevated levels of such markers of systemic
inflammation are connected to both systemic diseases and
periodontal diseases. Studying these markers would certainly
be beneficial for monitoring periodontal disease therapy.

Conflict of Interests

The authors declare that they have no conflict of interests
associated with this work.

Acknowledgments

The study was supported by PRVOUK-P28/LF1/6 (Charles
University of Prague, Czech Republic), by project 14-37368G
(Grant Agency, Czech Republic), by the project NT 14164-
3 (Ministry of Health, Czech Republic), and by project 15-
28142A (Czech Health Research Council, Czech Republic).

References

[1] W.S. Tillett and T. Francis, “Serological reactions in pneumonia
with a non-protein somatic fraction of pneumococcus,” Journal
of Experimental Medicine, vol. 52, no. 4, pp. 561-571, 1930.

[2] R. Ramamoorthy, V. Nallasamy, R. Reddy, N. Esther, and Y.
Maruthappan, “A review of C-reactive protein: a diagnostic
indicator in periodontal medicine;” Journal of Pharmacy and
Bioallied Sciences, vol. 4, no. 6, supplement 2, pp. S422-5426,
2012.



(3]

(4]

(5]

(6]

N

[8

=

[10

(11

(12]

(16]

S. Black, I. Kushner, and D. Samols, “C-reactive protein,” The
Journal of Biological Chemistry, vol. 279, no. 47, pp. 48487-
48490, 2004.

I. S. Gomes-Filho, J. M. FE Coelho, S. S. da Cruz et al,
“Chronic periodontitis and C-reactive protein levels,” Journal of
Periodontology, vol. 82, no. 7, pp. 969-978, 2011.

R. Lopez, V. Baelum, C. J. Hedegaard, and K. Bendtzen, “Serum
levels of C-reactive protein in adolescents with periodontitis,”
Journal of Periodontology, vol. 82, no. 4, pp. 543-549, 2011.

T. Bansal, A. Pandey, D. Deepa, and A. K. Asthana, “C-reactive
protein (CRP) and its association with periodontal disease: a
brief review;” Journal of Clinical and Diagnostic Research, vol. 8,
no. 7, pp. E21-E24, 2014.

L. Goyal, A. Bey, N. D. Gupta, and V. K. Sharma, “Comparative
evaluation of serum C-reactive protein levels in chronic and
aggressive periodontitis patients and association with peri-
odontal disease severity;” Contemporary Clinical Dentistry, vol.
5, no. 4, pp. 484-488, 2014.

G. J. Linden, K. McClean, I. Young, A. Evans, and E Kee,
“Persistently raised C-reactive protein levels are associated with
advanced periodontal disease,” Journal of Clinical Periodontol-
ogy, vol. 35, no. 9, pp. 741-747, 2008.

P. Eickholz, Y. Siegelin, S. Scharf et al., “Non-surgical periodon-
tal therapy decreases serum elastase levels in aggressive but not
in chronic periodontitis,” Journal of Clinical Periodontology, vol.
40, no. 4, pp. 327-333, 2013.

D. Jayaprakash, S. Aghanashini, A. Chatterjee, A. Bharwani,
R. Vijayendra, and R. Rosh, “Effect of periodontal therapy
on C-reactive protein levels in gingival crevicular fluid of
patients with gingivitis and chronic periodontitis: a clinical and
biochemical study;” Journal of Indian Society of Periodontology,
vol. 18, no. 4, pp. 456-460, 2014.

A.R. Pradeep, R. G. Manjunath, and R. Kathariya, “Progressive
periodontal disease has a simultaneous incremental elevation
of gingival crevicular fluid and serum CRP levels,” Journal of
Investigative and Clinical Dentistry, vol. 1, no. 2, pp. 133-138,
2010.

A. M. Marcaccini, C. A. Meschiari, C. A. Sorgl et al., “Cir-
culating interleukin-6 and high-sensitivity C-reactive protein
decrease after periodontal therapy in otherwise healthy sub-
jects,” Journal of Periodontology, vol. 80, no. 4, pp. 594-602,
2009.

S. V. Musalaiah, M. Anupama, M. Nagasree, C. M. Krishna,
A. Kumar, and P. Kumar, “Evaluation of nonsurgical peri-
odontal therapy in chronic periodontitis patients with anemia
by estimating hematological parameters and high-sensitivity
C-reactive protein levels,” Journal of Pharmacy and Bioallied
Sciences, vol. 6, no. 5, pp. 64-69, 2014.

P. Koppolu, S. Durvasula, R. Palaparthy et al, “Estimate of
CRP and TNF-alpha level before and after periodontal therapy
in cardiovascular disease patients,” The Pan African Medical
Journal, vol. 15, article 92, 2013.

S.Y. Zhou, X. Q. Duan, R. Hu, and X. Y. Ouyang, “Effect of non-
surgical periodontal therapy on serum levels of TNF-a, IL-6 and
C-reactive protein in periodontitis subjects with stable coronary
heart disease,” The Chinese Journal of Dental Research, vol. 16,
no. 2, pp. 145-151, 2013.

G. Radafshar, B. Shad, E. Ariamajd, and S. Geranmayeh, “Effect
of intensive non-surgical treatment on the level of serum
inflammatory markers in advanced periodontitis,” Journal of
Dentistry, vol. 7, no. 1, pp. 24-30, 2010.

(17]

(18]

(19
[20]

(21]

[22]

[23

(33]

(34]

Mediators of Inflammation

M. Shojaee, M. Fereydooni Golpasha, G. Maliji, A. Bijani, S. M.
Aghajanpour Mir, and S. N. Mousavi Kani, “C-reactive protein
levels in patients with periodontal disease and normal subjects,”
International Journal of Molecular and Cellular Medicine, vol. 2,
no. 3, pp. 151-155, 2013.

T. Bansal, D. Dhruvakumar, and A. Pandey, “Comparative
evaluation of C-reactive protein in peripheral blood of patients
with healthy gingiva, gingivitis and chronic periodontitis: a clin-
ical and particle-enhanced turbidimetric immuno-analysis,’
Journal of Indian Society of Periodontology, vol. 18, no. 6, pp.
739-743, 2014.

American Academy of Periodontology, http://www.perio.org/.
G. C. Armitage, “Development of a classification system for
periodontal diseases and conditions,” Annals of Periodontology,
vol. 4, no. 1, pp. 1-6, 1999.

R. G. Smith, “Gingival recession: reappraisal of an enigmatic
condition and a new index for monitoring,” Journal of Clinical
Periodontology, vol. 24, no. 3, pp. 201-205, 1997.

M. Wohlfeil, S. Scharf, Y. Siegelin et al., “Increased systemic
elastase and C-reactive protein in aggressive periodontitis
(CLOI-D-00160R2),” Clinical Oral Investigations, vol. 16, no. 4,
pp. 1199-1207, 2012.

T.N. Salzberg, B. T. Overstreet, J. D. Rogers, J. V. Califano, A. M.
Best, and H. A. Schenkein, “C-reactive protein levels in patients
with aggressive periodontitis,” Journal of Periodontology, vol. 77,
no. 6, pp. 933-939, 2006.

V. Kalburgi, L. Sravya, S. Warad, K. Vijayalaxmi, P. Sejal, and
D. Hazeil, “Role of systemic markers in periodontal diseases: a
possible inflammatory burden and risk factor for cardiovascular
diseases?” Annals of Medical and Health Sciences Research, vol.
4,10. 3, pp. 388-392, 2014.

“1999 International workshop for a classification of periodontal
diseases and conditions. Papers. Oak Brook, Illinois, October
30-November 2, 1999, Annals of Periodontology, vol. 4, pp. 1-
112, 1999.

M. Newman, H. Takei, P. Klokkevold, and F. A. Carranza,
Carranza’s Clinical Periodontology, Elsevier Sauders, St. Louis,
Mo, USA, 11th edition, 2012.

R. Slezak, Preclinical Periodontology, NUCLEUS HK, Hradec
Krélové, Czech Republic, 1st edition, 2007.

G. C. Armitage, “Clinical evaluation of periodontal diseases;”
Periodontology 2000, vol. 7, pp. 39-53,1995.

J. Highfield, “Diagnosis and classification of periodontal dis-
ease,” Australian Dental Journal, vol. 54, no. 1, supplement, pp.
S11-S26, 20009.

WHO, Oral Health Surveys—Basic Methods, World Health
Organization, Geneva, Switzerland, 5th edition, 2013.

D. Gani, D. Lakshmi, R. Krishnan, and P. Emmadi, “Evaluation
of C-reactive protein and interleukin-6 in the peripheral blood
of patients with chronic periodontitis,” Journal of Indian Society
of Periodontology, vol. 13, no. 2, pp. 69-74, 2009.

E Graziani, S. Cei, M. Tonetti et al., “Systemic inflammation fol-
lowing non-surgical and surgical periodontal therapy,” Journal
of Clinical Periodontology, vol. 37, no. 9, pp. 848-854, 2010.

X. J. Sun, H. X. Meng, D. Shi et al., “Elevation of C-reactive
protein and interleukin-6 in plasma of patients with aggressive
periodontitis,” Journal of Periodontal Research, vol. 44, no. 3, pp.
311-316, 2009.

B. Noack, R. J. Genco, M. Trevisan, S. Grossi, J. J. Zambon,
and E. De Nardin, “Periodontal infections contribute to elevated
systemic C-reactive protien level,” Journal of Periodontology, vol.
72, no. 9, pp. 1221-1227, 2001.



Mediators of Inflammation

(35]

[36]

(37]

(38]

(39]

M. 1. Fredriksson, C. M. S. Figueredo, A. Gustafsson, K. G.
Bergstrom, and B. E. Asman, “Effect of periodontitis and smok-
ing on blood leukocytes and acute-phase proteins,” Journal of
Periodontology, vol. 70, no. 11, pp. 1355-1360, 1999.

B. G. Loos, J. Craandijk, E ]. Hoek, P. M. E. Wertheim-van
Dillen, and U. van der Velden, “Elevation of systemic markers
related to cardiovascular diseases in the peripheral blood of
periodontitis patients,” Journal of Periodontology, vol. 71, no. 10,
pp. 1528-1534, 2000.

R. Chopra, S. R. Patil, N. B. Kalburgi, and S. Mathur, “Associ-
ation between alveolar bone loss and serum C-reactive protein
levels in aggressive and chronic periodontitis patients,” Journal
of Indian Society of Periodontology, vol. 16, no. 1, pp. 28-31, 2012.
J. L. Ebersole, R. L. Machen, M. J. Steffen, and D. E. Will-
mann, “Systemic acute-phase reactants, C-reactive protein and
haptoglobin, in adult periodontitis,” Clinical and Experimental
Immunology, vol. 107, no. 2, pp. 347-352,1997.

S. A. Bokhari, A. A. Khan, A. K. Butt et al.,, “Periodontitis
in coronary heart disease patients: strong association between
bleeding on probing and systemic biomarkers,” Journal of
Clinical Periodontology, vol. 41, no. 11, pp. 1048-1054, 2014.

J. D. Beck and S. Offenbacher, “Relationships among clinical
measures of periodontal disease and their associations with
systemic markers,” Annals of Periodontology, vol. 7, no. 1, pp. 79—
89, 2002.



Hindawi Publishing Corporation
Mediators of Inflammation

Volume 2015, Article ID 379626, 8 pages
http://dx.doi.org/10.1155/2015/379626

Review Article

Periodontal Diseases and Dental Caries in Children with

Type 1 Diabetes Mellitus

Marta Novotna, Stepan Podzimek, Zdenek Broukal, Erika Lencova, and Jana Duskova

School of Dental Medicine, First Faculty of Medicine and General University Hospital, Charles University,
Karlovo Namesti 32 and Katerinska 32, 121 11 Prague, Czech Republic

Correspondence should be addressed to Stepan Podzimek; podzimek@vus.cz
Received 12 March 2015; Revised 15 May 2015; Accepted 18 May 2015
Academic Editor: Claudio Mastronardi

Copyright © 2015 Marta Novotna et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Type 1 diabetes mellitus is a chronic metabolic disease of an autoimmune origin with early manifestation predominantly in the
childhood. Its incidence has been rising in most European countries. Diabetes has been intensively studied by all branches of
medicine. There were a number of studies investigating oral consequences of diabetes; however, unambiguous conclusions were
drawn only for the relationship between diabetes and periodontal impairment. Many studies confirmed higher plaque levels and
higher incidence of chronic gingivitis both in adults and in children with diabetes. Juvenile periodontitis is rare both in healthy
subjects and in those with type 1 diabetes. Yet certain findings from well-conducted studies, for example, differences in oral
microflora or the impact of metabolic control of diabetes on periodontal health, indicate a higher risk of periodontitis in children
with type 1 diabetes. As for the association of diabetes and dental caries, the results of the studies are inconsistent. However, it
was found that some risk factors for dental caries are either more or less prevalent in the diabetic population. Despite an extensive
research in this area we have to acknowledge that many questions have remained unanswered. There is a need for continued,

thorough research in this area.

1. Introduction

LI Diabetes: Definition and Current Classification. Diabetes
mellitus is a common term for a group of chronic metabolic
diseases, the basic feature of which is hyperglycemia.

Currently, classification of diabetes by ADA (American
Diabetes Association) is being used, which emphasizes etiol-
ogy of the disease (Table 1) [1].

Previously used classification by WHO (World Health
Organization) from 1985 was based on the treatment of the
disease and distinguished diabetes mellitus (DM), impaired
glucose tolerance (IGT), and gestational diabetes mellitus
(GDM). Type 1 diabetes belongs to the subgroup insulin-
dependent diabetes mellitus according to this classification
(2].

In ICD-10 (International Statistical Classification of Dis-
eases and Related Health Problems, 10th revision), diabetes is
classified under codes E10-E14, where type 1 diabetes mellitus
is the title of E10 code [3].

This review focuses on the relationship between type 1
diabetes and oral health.

1.2. Type 1 Diabetes Mellitus: Etiology. Diabetes mellitus is a
serious and relatively common chronic childhood disease.
The basis of the disease is an autoimmune insulitis leading
to a destruction of the beta cells of the pancreatic islets
of Langerhans producing hormone insulin. This results in
the clinical manifestation of the disease. The disease mani-
fests itself in genetically predisposed individuals (polygenic
genetic predisposition) after interaction of genetic and envi-
ronmental factors [4]. It is estimated that, in the patho-
genesis of the disease, the genetic and nongenetic factors
are involved approximately to the same extent. Major envi-
ronmental factors presumably associated with an increased
risk of autoimmune insulitis include enterovirus infections
(coxsackievirus type B) [5, 6], some nutritional factors (e.g.,
early exposure to cow’s milk proteins, high intake of cow’s
milk products in the childhood, duration of breastfeeding,
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TaBLE 1: Classification of diabetes by ADA [1].
I Type 1 diabetes Immune mediated
Idiopathic
1I Type 2 diabetes
I1I Other specific types
v Gestational diabetes mellitus

the effect of nitrates and nitrites, and vitamin D deficiency)
[7], and perinatal and early childhood factors (e.g., higher
age of the mother, lower birth order, and limited contact with
other children) [8]. It is probably environmental factors, that
is, changes in the exposure to certain nongenetic factors, that
are responsible for a dramatic increase in an incidence of type
1 diabetes over the recent decades, because such an increase
in the proportion of risk genotypes for type 1 diabetes in the
population is not likely. As the pathogenesis of diabetes is still
not fully explained, there are no effective preventive measures
[9].

The incidence of the disease is predominantly nonfamil-
ial; only 5-10% of the patients are siblings of diabetic children
or children of diabetic parents [4]. In monozygotic twins, a
simultaneous occurrence of type 1 diabetes was demonstrated
in 23-53% of them [9].

The first clinical signs of diabetes in children include
polyuria and polydipsia caused by an exceeded renal thresh-
old for glucose excretion, followed by a gradual metabolic
breakdown with typical symptoms.

Laboratory findings include hyperglycemia, glycosuria,
and ketonuria. In order to evaluate the metabolic control
of diabetes and treatment success rate, the blood levels of
glycated hemoglobin (HbAlc) are monitored, as they reflect
the blood glucose fluctuations over the last six weeks.

The treatment of type 1 diabetes is currently based on
an intensified insulin therapy, which should mimic the nor-
mal insulin secretion, on regular self-monitoring of specific
metabolic biomarkers in the patient, and on an education of
the patient and his/her family [4].

1.3. Type 1 Diabetes Mellitus: Prevalence in Europe and in
the Czech Republic. The incidence of type 1 diabetes differs
significantly among diverse ethnic groups and nations. This
is due to genetic differences and probably also due to still-
not-fully-explained nongenetic factors.

In Europe, there is a north-south gradient in the disease
incidence. The highest incidence is observed in Finland
(40.2/100000/year), while the lowest incidence rates are
reported by Balkan countries, particularly by Macedonia
(3.2/100000/year), with the exception of the island of Sardinia
(Figure 1) [4, 10-12].

When compared to other European countries, the Czech
Republic has an intermediate but steadily rising incidence of
diabetes. Over the recent years, type 1 diabetes mellitus was
diagnosed in approximately three hundred Czech children
per year [9].
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FIGURE 1: Incidence of type 1 diabetes in children up to 14 years of
age/100000/year over the years 1990-1994 [12].

2. Oral Health in Children with
Type 1 Diabetes

The relationship of type 1 diabetes as an underlying disease
and different aspects of oral health has been investigated
by a number of studies worldwide. Even though some
associations have been confirmed, some others are still being
discussed and the results of individual studies are often
controversial not only due to methodology differences but
also due to multifactorial etiology of most oral pathologies.
After carrying out a thorough search of PubMed database,
the authors can state the following points. Only a limited
number of studies have been performed in children with
type 1 diabetes probably due to a relative rareness of the
disease. Nevertheless, the majority of the results of the
research performed in adults with type 1 diabetes could be
applied also to the child population. Case studies and reviews
of the literature focusing on diabetic adults regardless of
diabetes type and treatment are most frequent; however, the
applicability of their findings to children with type 1 diabetes
is debatable, given significant differences between the two
types of diabetes and with respect to a higher proportion of
type 2 diabetics in the studies.

2.1. Gingivitis, Dental Plaque, Calculus, and Periodontitis.
Association between the terms mentioned above could be
explained in a simplified way. It is now well accepted that
bacteria in dental plaque are the major villains of periodontal
diseases, which are infections of the structures around the
teeth (the gums, the cementum, the periodontal ligament,
and the alveolar bone). Calculus is a mineralized form of
dental plaque which facilitates plaque deposition and irritates
the gums. In the earliest stage, only the gums are affected
(gingivitis). Without treatment, the infection spreads after a
period of time and in the end all of the supporting tissues
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are involved (periodontitis). After bone resorption, the teeth
become loose and finally fall out [13].

A vast majority of studies have concluded that the
incidence of chronic gingivitis in patients with type 1 diabetes
is significantly higher than that in the healthy population and
it increases with age. In a group of diabetic children aged
5-9 years, the mean value of gingival inflammation index
(score of 0-3) was 1.54 + 0.5, while in the control group it was
114 £ 0.5. In a group of diabetic children aged 10-14 years
the mean value of gingival inflammation index versus the
control group was 1.98 + 0.6 and 1.17 + 0.5, respectively [14].
In a Swiss clinical trial on experimental gingivitis induced by
refraining from oral hygiene for three weeks, there were no
differences in the plaque index scores or in the composition
of bacterial plaque between the type 1 diabetics and healthy
controls, but the diabetics responded to plaque irritation by
an earlier developed and more severe gingival inflammation,
which corresponded to a significantly higher levels of some
inflammatory biomarkers in crevicular fluid [15, 16]. Another
research performed in a large group of Brazilian child diabet-
ics with a mean age of 13 + 3.5 years observed gingivitis and
periodontitis in 21% and 6% of the study subjects, respectively
[17]. In a group of Lithuanian children with diabetes aged
10-15 years, the prevalence of gingivitis versus the control
group was 27% and 13%, respectively [18]. Similarly, there
are reports of a higher incidence of dental plaque [19] and
earlier and heavier formation of calculus in diabetic children.
The significant differences between the diabetic and healthy
individuals appear in adolescence [14, 18].

Although periodontitis does not belong to clinical man-
ifestations of any type of diabetes mellitus, it is still being
labeled as “the sixth chronic complication of diabetes.” It has
been confirmed that, in individuals with diabetes, there is
about a three times higher risk of periodontitis. Thus, diabetes
is considered to be a predisposing factor for periodontitis
[20]. In the diabetic patients, the periodontal disease develops
at a younger age than in the healthy population [21, 22]. In
children with diabetes, the periodontal impairment usually
manifests in the adolescence [19, 23] and sometimes even
earlier [24]. It was confirmed that there is an association
between poorly controlled diabetes (higher HbAlclevels) and
a development of periodontitis, even in children with type 1
diabetes [17, 20, 22, 25, 26]. Some studies show relationship
between the duration of diabetes and severity of periodontitis
[17, 21]. On the other hand, it was confirmed that there is
a negative effect of periodontitis on blood glucose levels.
This is due to an increased insulin resistance of tissues in
reaction to systemic inflammatory mediators [20]. Recently,
a presumption that treatment of periodontitis results in an
improved metabolic control of diabetes has been confirmed
[20], although some earlier studies did not support this
hypothesis [25, 27, 28]. According to the recent clinical trials,
a successful treatment of periodontitis decreased the HbAlc
levels (reflecting a long-term diabetes control) of 0.4% [20],
but this was observed mainly in patients with type 2 diabetes
[29].

The onset and progression of periodontitis in diabetic
patients are probably induced by diabetic microangiopa-
thy, impaired immune response and a lower resistance

to infections, different oral microflora, and disorders in
collagen metabolism [23]. In vitro a direct negative effect
of hyperglycemia and hypoglycemia on periodontal cells
has been demonstrated. Hyperglycemia has also an indirect
adverse effect, stimulating immune system cells to release
inflammatory cytokines [30]. Recently, a number of studies
have been published dealing with biochemical principles of
periodontal damage in diabetes.

2.2. Impaired Immune Response in Diabetes and Periodontitis.
Hyperglycemia caused by diabetes mellitus can alter immune
system in many ways. First of all, it increases salivary
concentration of glucose as well as its concentration in
gingival crevicular fluid. This increased availability of glucose
in the environment of oral cavity increases proliferation of
periodontopathic and cariogenic bacteria and increases oral
inflammation. Presence of elevated levels of proinflammatory
mediators in the gingival crevicular fluid of periodontal pock-
ets of poorly controlled diabetics, compared to nondiabetics
or well-controlled diabetics, resulting in significant peri-
odontal destruction with an equivalent bacterial challenge
has been shown [31-33].

Hyperglycemia caused by diabetes mellitus can lead also
to microangiopathy. Endothelial cells lining blood vessels use
more glucose than usually and form more glycoproteins on
their surface and basement membrane grows thicker and
weaker. The vessel walls become thick and weak and vessels
bleed easily and leak proteins. These vascular changes in
periodontium decrease polymorphonuclear cells functions
such as chemotaxis, adherence, phagocytosis and migration,
oxygen utilization, and antigens elimination leading to pro-
gression of periodontitis.

Hyperglycemia also increases the formation of advanced
glycation end-products. The overexposure of proteins (such
as collagen) or lipids to aldose sugars induces nonenzymatic
glycation and oxidation. These glycosylated products can
create complex molecules, reducing collagen solubility and
increasing levels of proinflammatory mediators responsible
for the degradation of connective tissues. Changes to col-
lagen metabolism result in accelerated degradation of both
nonmineralized connective tissue and mineralized bone [32,
34]. The interaction of advanced glycation end-products with
target cells, such as macrophages, via cell-surface polypeptide
receptors stimulates the production of cytokines and matrix
metalloproteinases, including collagenases and other connec-
tive tissue-degrading enzymes [31]. Monocytes from diabetics
have shown a hyperresponsive phenotype with overexpres-
sion of proinflammatory mediators such as interleukin-15,
tumor necrosis factor-«, and prostaglandin E, [35, 36]. This
exacerbation of the proinflammatory response in diabetics
can lead to impaired wound healing and amplify connective
tissues damage. This proinflammatory response may be
further increased by the chemotactic properties of advanced
glycation end-products for human monocytes which dif-
ferentiate into the chronic inflammatory macrophages [32].
Degradation of newly synthesized collagen in connective
tissues and alterations in the immune response can both con-
tribute to progression of periodontal disease and impaired
wound healing.
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FIGURE 2: Associations between diabetes and periodontitis.

On the other hand, inflammation caused by inflam-
matory connective tissue disease such as periodontitis can
trigger insulin resistance. Lipopolysaccharides from per-
iopathogenic Gram-negative bacteria are able to induce
tumor necrosis factor-alpha production by monocytes and
macrophages. This cytokine can interfere with lipid meta-
bolism, reduce glucose uptake by cells, and cause insulin
resistance. An inflamed periodontium is highly vascular and
may serve as a gate to the systemic circulation for bacte-
rial products and produced local inflammatory mediators
[37].

Periodontitis as an inflammatory condition leads to
changes in cellular and humoral immunity. Polymorphonu-
clear cells and macrophages functions are affected; IL-2 and
interferon gamma as well as cytokines important for humoral
response such as IL-10 and transforming growth factor are
produced. These changes in immune responses affect release
of insulin and glycemic control [38, 39].

Periodontitis can thus obstruct glycemic control and
obstructed glycemic control can further stimulate periodon-
tal disease; a cycle worsening both conditions may be created
(Figure 2).

Therefore, prevention and control of oral inflammatory
diseases are essential for appropriate prevention and optimal
management of diabetic complications [40].

2.3. Dental Caries. Regarding dental caries, the results of
the studies are inconsistent. Dental caries is a multifactorial
disease, and while some factors increase the risk of caries
disease in type 1 diabetes, others reduce it.

Dental caries risk factors include oral cariogenic bacte-
ria, intake of fermentable carbohydrates as a substrate for
cariogenic bacteria, and sufficient time allowed for caries
formation. The protective factors against caries include the
saliva, oral hygiene, and fluorides [26]. The research has
shown that the levels of cariogenic bacteria, particularly of
Streptococcus mutans, are higher in diabetic patients and
the proportion of individuals with high levels of cariogenic
bacteria, particularly Streptococcus mutans, is higher in the
diabetic population [26]. According to the nutritional rec-
ommendations, the diet of diabetic children should ideally be
low in simple sugars, especially the so-called extrinsic sugars
artificially added to food, while the so-called intrinsic sugars,
contained mainly in fruits and vegetables, do not need to be
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restricted. The frequency of meals should be higher compared
to healthy individuals; however, patient compliance is critical
[41, 42]. The saliva of diabetics shows both quantitative and
qualitative changes [43-48]. The oral hygiene habits and
education of diabetic patients seem to be similar or slightly
better compared to healthy individuals [18, 49].

There are studies that show a lower incidence of dental
caries in diabetic children compared to the healthy peers,
such as the one by Orbak et al., who also reported a higher
prevalence of dental caries in permanent teeth of children
with poorly controlled diabetes [14]. The extensive study
by Lal et al. showed a lower prevalence of dental caries
in deciduous teeth of diabetic children compared to the
controls [50]. In the study by Siudikiene et al. performed in
healthy and diabetic children aged 10-15 years, over a two-
year follow-up, there were no significant differences in the
incidence of dental caries between the two study groups [45].
The same pattern (i.e., nonsignificant differences in the dental
caries incidence between healthy and diabetic children) was
observed in a large trial by Lalla et al. [19] and in several recent
studies from Brazil, Egypt, and Belgium, where the study
groups consisted of approximately 50 diabetic children [51-
53]. Contrary to the above findings, higher caries experience
in diabetic children was observed by investigators in Kuwait,
India, and Puerto Rico [54-56].

The importance of adequate metabolic control of diabetes
was partially confirmed in the study by Siudikiene et al,
which compared prevalence of dental caries and levels of
mutant streptococci in pediatric diabetic patients with ade-
quate and poor metabolic control of diabetes based on HbAlc
levels [57]. A relationship between caries risk and metabolic
control was found in Twetman et al’s study as well [58].

Studies that assess caries experience using dmft/DMFT
(decayed, missing, filled temporary/permanent teeth) index
often find nonsignificant differences between healthy and
diabetic subjects; however, individual components of the
index reveal a higher proportion of dental caries (component
d/D, decayed) in the control subjects and higher proportion
of fillings (component {/F, filled) and teeth extracted due to
caries (component m/M, missing) in the diabetic subjects
(14, 59].

The results of the studies performed in adults with type
1 diabetes are also inconsistent regarding the prevalence of
dental caries. Some studies report a higher incidence of
cervical, interproximal, or root caries in diabetics. These
findings are considered to be due to a higher content of
glucose in the saliva and crevicular fluid in the diabetics
[60].

2.4. Saliva. Compared to the healthy subjects, there are both
quantitative and qualitative changes in the saliva of diabetic
patients. Diabetics are considered to have a reduced salivary
flow [26], especially that of unstimulated saliva. The study
by Moreira observed that the unstimulated salivary secretion
in children with diabetes versus the control group was 0.15
+ 0.ImL/min and 0.36 + 0.2mL/min, respectively. As for
the stimulated saliva, there were no significant differences
observed [43]. Similar results were observed in the study by
Lopez et al.,, where the unstimulated salivary secretion in

children with diabetes versus the control group was 0.15 +
0.1mL/min and 0.25 + 0.1mL/min, respectively [44]. The
reduced unstimulated and stimulated salivary secretion in
children with diabetes were demonstrated by Siudikiene et al.
[45]. As for the qualitative parameters, the typical findings
are lower buffering capacity and pH of the saliva in diabetics
(salivary pH in pediatric patients with diabetes versus the
control group was 6.0 + 0.8 and 7.0 + 0.6, resp.) [43], higher
viscosity of the saliva, higher levels of carbohydrates, glucose,
and total protein in the saliva [44, 45], and higher levels of IgA
and IgG antibodies [45-47] but lower levels of antimicrobial
proteins, for example, lactoferrin and lysozyme [48]. As for
the calcium levels in the saliva of diabetic children, the results
of the studies are inconsistent: there are reports of both higher
calcium levels [43] (which results in an enhanced tartar build-
up) and lower calcium levels [44].

Siudikiene et al. found an association between the inci-
dence of dental caries and glucose levels in the saliva of
diabetic children [45].

2.5. Oral Microflora. Differences in oral microflora of dia-
betics and healthy individuals may significantly influence the
incidence of diseases caused by bacteria, such as periodontal
impairment and dental caries.

It was observed that in diabetic individuals including
adolescents there are differences in the type and amount of
periodontal pathogens, their habitat, and patients” age of their
occurrence compared to the healthy population [21, 22].

As for the levels of cariogenic species, the results of the
studies are inconsistent. There are reports of both insig-
nificant differences in the levels of Streptococcus mutans
and lactobacilli in healthy and diabetic individuals [21, 45,
52] and higher proportion of diabetics with high levels of
Streptococcus mutans in the saliva compared to the control
group [26]. As for the levels of Candida species in the oral
cavity, there are reports of not only no differences between the
diabetic and healthy children [45, 52] but also higher levels in
the diabetics versus the healthy population [26, 57].

With respect to inconsistent findings, more microbiologi-
cal studies are needed to clarify potential differences between
healthy and diabetic children.

2.6. Diet. A recommended diet for children with type 1
diabetes corresponds to traditional rules of rational nutrition.
The intake of fat and in some cases also of proteins should
be restricted, but according to the recent nutritional recom-
mendations the intake of carbohydrates should be up to 50-
60% of the daily caloric intake. Dietary carbohydrates should
primarily come from the complex carbohydrates, starch and
fiber, whereas foods and beverages high in simple carbohy-
drates, which result in a significantly increased postprandial
glycemia, should be excluded [4].

The frequency of daily meals and snacks partially depends
on whether the patient uses the insulin pen or pump and on
the type of insulin regimen used. Nevertheless, the frequency
of food intake in diabetics is generally higher compared to
the healthy population, and a standard recommendation is
six meals per day [4].



The nutritional compliance particularly in adolescent
patients is debatable, and about half of the patients in this age
group are considered to be noncompliant [4].

2.7. Metabolic Control of Diabetes. A long-term metabolic
control of diabetes is usually verified based on not only
glycated hemoglobin HbAlc levels but also the total daily
dose of insulin and blood glucose fluctuations.

The metabolic control of diabetes is associated with the
risk of both acute and chronic complications. The main
chronic complications of type 1 diabetes include neuropathy
and microangiopathy. In poorly controlled patients, there is a
decreased leukocyte phagocytic activity but also antibody and
cell-mediated immunity [4], which results in an increased
risk of bacterial infections [4, 26].

The effect of proper metabolic control and occurrence
of chronic complications of diabetes on the development of
periodontal diseases has been confirmed by a number of
studies [17, 22, 25], in contrast to dental caries. The study
by Duskova and Broukal demonstrated a positive correlation
between the levels of glycated hemoglobin (HbAlc) and those
of Streptococcus mutans and Candida species in the oral cavity
[22].

2.8. Behavioral Aspects. A positive correlation between the
metabolic control of diabetes and the occurrence of oral
pathologies may be related, besides the biological factors, to
certain psychological features of the patients. These features
influence the patient compliance and self-care related to
both diabetes and oral health problems. This association was
observed in a study performed in 149 insulin-dependent
diabetics, which included a questionnaire survey, clinical
assessment of oral health, and analysis of diabetic patients’
medical records. The study showed that 82% of diabetic
patients without gingivitis had a good metabolic control
and lower mean levels of HbAlc versus the diabetics with
gingivitis [61]. The patients with a higher self-reported
frequency of tooth brushing and lower plaque index score
had lower mean levels of HbAlc [62]. On the other hand,
a positive correlation between an inadequate interdental
plaque removal and noncompliance in diabetes self-care
was found [61]. Although the abovementioned studies were
performed in the adult populations, it can be assumed that the
above findings can be applied also to the child and adolescent
populations with diabetes.

3. Conclusion

The authors have used both latest and older studies to bring
a comprehensive overview of the relationship between type 1
diabetes and oral health in children.

There have been a number of studies on this topic
published in dentistry; however, unambiguous conclusions
have been reached only concerning the relationship between
diabetes and periodontal diseases. A number of studies
have shown higher amounts of dental plaque and increased
incidence of chronic gingivitis in both adults and children
with type 1 diabetes. Periodontitis in children is rare both
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in healthy subjects and in children with type 1 diabetes. Yet
some of the findings of well-performed studies indicate a
higher risk of periodontitis in children with type 1 diabetes.
Regarding the impact of diabetes on dental caries develop-
ment, the results of clinical trials are inconsistent. However,
it has been confirmed that some of minor caries risk factors
are more or less prevalent in a diabetic population compared
to a nondiabetic control group. Quantitative and qualitative
salivary changes in diabetics have also been confirmed, even
though particular detailed results of individual studies vary.
Oral health studies focusing on behavioral features of diabetic
patients yield even more interesting insights.

The latest studies tend to focus on the research of possible
direct and indirect influence of type 1 diabetes on oral health
and vice versa, but their results are not crystal clear in most
aspects. On that account, relationships between diverse oral
diseases and their causal factors and type 1 diabetes should
become a subject of intensive research in the future.
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Periodontitis (PD) and rheumatoid arthritis (RA) are immunoinflammatory diseases where leukocyte infiltration and inflammatory
mediators induce alveolar bone loss, synovitis, and joint destruction, respectively. Thus, we reviewed the relationship between both
diseases considering epidemiological aspects, mechanical periodontal treatment, inflammatory mediators, oral microbiota, and
antibodies, using the keywords “periodontitis” and “rheumatoid arthritis” in PubMed database between January 2012 and March
2015, resulting in 162 articles. After critical reading based on titles and abstracts and following the inclusion and exclusion criteria,
26 articles were included. In the articles, women over 40 years old, smokers and nonsmokers, mainly constituted the analyzed
groups. Eight studies broached the epidemiological relationship with PD and RA. Four trials demonstrated that the periodontal
treatment influenced the severity of RA and periodontal clinical parameters. Nine studies were related with bacteria influence in
the pathogenesis of RA and the presence of citrullinated proteins, autoantibodies, or rheumatoid factor in patients with PD and RA.
Five studies investigated the presence of mediators of inflammation in PD and RA. In summary, the majority of the articles have
confirmed that there is a correlation between PD and RA, since both disorders have characteristics in common and result from an

imbalance in the immunoinflammatory response.

1. Introduction

Periodontitis (PD) is a chronic inflammatory disease where
resident cells and preformed mediators induce leukocyte
infiltration and progressive destruction of the tooth support-
ing tissues as a result of interaction between bacterial prod-
ucts, cell populations, and mediators in disease-susceptible
individuals [1, 2]. This is also influenced by genetic and envi-
ronmental risk factors and is characterized as a complex dis-
ease with multifactorial etiology [3, 4]. In this context, envi-
ronmental factors, including oral hygiene/bacterial plaque,
smoking, and stress, play an important role in the expression
of PD [3]. Furthermore, it has been evidenced by some
authors that there is a joint influence of polymorphisms in
multiple genes [5], such as the genes of IL-10 [6] and IL-6 [7].

Polymorphonuclear neutrophils (PMNs) represent the
first line of defense to protect the host from periodontal

pathogens in the gingival sulcus and junctional epithelium.
Data on the role of the pathogenesis of periodontitis are
mixed. PMNSs are a critical arm of defense against periodon-
titis, but bacterial evasion of the neutrophil microbicidal
machinery coupled with delayed neutrophil apoptosis may
transform the neutrophil from defender to perpetrator [8].
Actually, these cells can release a variety of factors, such as
reactive oxygen species, collagenases, and other proteases,
[1, 9], such as stimulation from a wide range of cytokines.
In this scenario, macrophages can act as antigen-presenting
cells, promoting the activation of lymphocytes [1]. Therefore,
the cellular concentration of neutrophils in the inflammatory
infiltrates decreases during the transition between gingivitis
and periodontitis, in which there is a predominance of
lymphocytes [9].

It has been described that proinflammatory cytokines,
prostaglandin E,, matrix metalloproteinase (MMP), nitric
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FIGURE 1: Scheme on the relationship between periodontitis and rheumatoid arthritis. (a) Pathogenesis of periodontitis and the effects
promoted by lipopolysaccharides present in periodontopathogens. (b) The involvement of genetic and environmental factors in the
development of rheumatoid arthritis. (c) Possible mechanisms that explain the relationship between rheumatoid arthritis and periodontitis.

oxide (NO), and other inflammatory mediators play a cru-
cial role in the pathogenesis of PD [10-12]. Moreover, an
increase of TNF-«, IL-1p3, IL-6, IL-11, and IL-17 can induce
osteoclastogenesis by increasing the expression of Receptor
Activator of NF-«B Ligand (RANKL) and by reducing the
osteoprotegerin (OPG) production in osteoblasts and stromal
cells [13]. In fact, it was demonstrated that IL-17 and RANKL
were overregulated and IL-10, an anti-inflammatory cytokine,
and TGF-p1 were downregulated in active periodontal lesions
compared with inactive lesions [14, 15] (Figure 1(a)).
Considering that an imbalance between bone formation
and resorption is also linked to various diseases, studies sug-
gest that PD may be a risk factor for other diseases [16], such
as rheumatoid arthritis (RA) [17], but without consensus.
Although pathogenesis of RA is not completely understood,
it is recognized that the activation of the complement system
is important in disease development [18], the abnormal
response of circulating lymphocytes from patients, and an
alteration in the structure of these cells, which contribute to
the autoimmunity, immunosuppression, and the genesis of
the disease [19]. Studies report there is a correlation between

both PD and RA since the mechanisms for the development
of RA have consonance with the pathogenesis of chronic
PD. In fact, RA is defined as an inflammatory and autoim-
mune disease characterized by accumulation of leukocyte
inflammatory infiltrate in the synovial membrane, as well as
mediators such as PGE,, TNF-«, IL-1f3, IL-6, IL-12, IL-17, IL-
18, IL-33, granulocyte macrophage colony-stimulating factor
(GM-CSF), Monocyte Colony-Stimulating Factor (M-CSF),
RANKL, MMPs, and NO, all being found in the synovial
fluid [20-24], and leading to synovitis and joint architecture
destruction.

Some studies have suggested that the susceptibility of
RA may be associated with genetic or environmental factors
[25]. One of the most important genetic factors is the human
leukocyte antigen (HLA) class II. Certain alleles of this
antigen are often associated with the development of rheuma-
toid arthritis (HLA-DRB1*0101, HLA-DRB1%0102, HLA-
DRB170401, HLA-DRB1"0404, HLA-DRB170405, HLA-
DRB1%0408, HLA-DRB1"0410, HLA-DRB171001, and HLA-
DRB1%1402) [14]. Other factors include the allele of 620W
of PTPN22 (protein tyrosine phosphatase nonreceptor type
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22), a gene encoding tyrosine phosphatase that is involved
in controlling the intracellular signaling triggered through T
and B receptors [26]; C5-TRAFI, which can interfere with
disease susceptibility and severity of the alteration in the
structure, function, and levels of complement component
c5/factor 1 associated with the TNF receptor [27]; gene
encoding the CTLA4 (cytotoxic T lymphocyte antigen-4),
the protein responsible for the regulation of T lympho-
cyte activation [28]; peptidylarginine deiminase (PAD2),
the enzyme responsible for the generation of citrullinated
proteins, which are related to the formation of anticyclic
citrullinated peptide autoantibodies [29] (Figure 1(b)). With
regard to environmental factors, smoking is a risk factor
that duplicates the risk of developing RA, but its effect is
limited to those with antibodies to citrullinated peptides
[30, 31]. Other factors refer to the excessive consumption of
coffee (more than 10 cups daily) which can be related to the
development of the disease [32] and bacterial microbiota,
including oral bacterial species which can participate in
the etiopathogenesis of RA [33]. On the other hand, the
intake of alcohol may exert a protective effect in rheumatoid
arthritis in a dose-dependent manner [32]. The literature
shows that the basic difference between both diseases is
that RA is an inflammatory autoimmune disease, while PD
is an immunoinflammatory disease of bacterial origin [9].
However, it is noteworthy that many epidemiological studies
seem to dilute the subtle differences expressed by some
parameters, though clinically important. Indeed, analyses of
inflammatory mediators and other molecular markers are
examples where the differences found in a trial with few
participants could disappear in a large and diverse sample.
In this sense, this review is a critical appraisal of studies that
address potential associations of periodontitis with RA and
with an overall comprehensive approach.

2. Methods

For this review, the US National Library of Medicine National
Institutes of Health PubMed was searched by two inde-
pendent researchers who agreed with the search criteria of
studies with patients with both PD and RA and checked by
a third researcher separately. The keywords periodontitis and
rheumatoid arthritis were used and 367 articles published
in English were found. The time period was limited from
January 2012 to March 2015, and 162 references were found.
Then, a critical reading based on titles and abstracts was made
and 136 papers were excluded, such as reviews, assays in vitro
and animal studies, articles that were not in English, studies
not related to both PD and RA, case study, workshop, or
unavailable and incomplete articles. Then, 26 articles were
finally included for this review, which related to PD and RA,
considering epidemiological aspects, mechanical periodontal
treatment, mediators of inflammation, oral microbiota, and
antibodies as seen in Figure 2.

3. Results

Table 1 shows demographic data, such as gender, age and
habits, comorbidities and medications, and the relationship

Articles from PubMed
(keywords: periodontitis and

rheumatoid arthritis)
n =367

Articles excluded based on
777777777777 s period (2012/01-2015/03)
n =205

Selected articles
n=162
Included after reading
titles/abstracts: papers related to PD
,,,,,,,,,,, and RA, mechanical periodontal
treatment, mediators of
inflammation, oral microbiota, and
antibodies
Final inclusion of articles
in the systematic review
n=26

FIGURE 2: Search flow-chart and selection of articles for the review of
the literature considering a bit more than the last three years. PD =
periodontitis; RA = rheumatoid arthritis.

between both diseases investigated through clinical and
epidemiological associations, presence of oral bacterial DNA
in patients with RA, proinflammatory mediators, antibodies
against bacteria, and autoantibodies, as well as the effects of
mechanical periodontal treatment, related to the 26 selected
articles.

In most articles (92.3%), the analyzed groups were mainly
composed of women. Regarding age, most patients were 40
years old, except for the study of Dev et al. (2013) [45] and
Ranade and Doiphode (2012) [37], whose patients were above
20 and 30 years old, respectively. Among the 26 articles, 57.7%
[34-36, 38, 39, 42, 50-57, 59] used samples with smoker
patients, while 30.8% established smoking as criteria for
excluding [37, 41, 43, 45-49]. 11.5% did not mention smoking
status of patients [40, 44, 58]. Comorbidities such as diabetes,
Sjogren’s syndrome, hypertension, cardiovascular disease,
hyperlipidemia, renal disease, and osteoporosis/osteopenia
have only been reported in studies of Mikuls et al. (2012) [35],
Khantisopon et al. (2014) [54], and Gonzales et al. (2015) [59].
Regarding the medication used by patients, 50% [35-37, 40,
41, 44, 45, 49, 50, 52, 53, 55, 58] of the articles did not specify
the pharmacological treatment. In the remainder of the stud-
ies, the most frequently reported treatment for rheumatoid
arthritis included disease-modifying antirheumatic drugs
(methotrexate, sulfasalazine, and leflunomide) [38, 39, 42,
43, 46, 51, 54, 56, 57, 59], biologic therapy (anti-TNF-«)
[34, 38, 39, 42, 59], corticosteroids (prednisolone) [38, 42,
43, 46, 51, 54, 56, 59], and/or nonsteroidal anti-inflammatory
drugs [43, 46-48, 51, 54, 57).

Among the selected trials, eight studies broached the
epidemiological and clinical relationship of patients with PD
and RA [38, 41, 44, 45, 49, 54, 56, 59], indicating a higher
prevalence of PD in patients with RA, which have worse
periodontal parameters. The effect of mechanical removal
of foci of infection in the oral cavity on the severity of
RA and periodontal clinical parameters were shown by four
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studies [37, 42, 46, 51], which demonstrated the beneficial
effects of the mechanical treatment in the improvement of
clinical parameters of RA. Two studies were related to the
oral bacteria influence of the pathogenesis of RA [40, 52].
Seven trials highlighted the presence of citrullinated proteins
and their antibodies, antibodies to P. gingivalis in patients
with RA and periodontitis, and also the association between
anti-P. gingivalis and periodontal parameters, and the titers
of rheumatoid factor and antibodies anticyclic citrullinated
peptide, which were also related to the severity of PD [35,
36, 39, 50, 53, 55, 57]. Regarding the inflammation in both
diseases, five trials considered the mediators of inflammation
to the PD and RA [34, 43, 47, 48, 58], such as MMP-9, TNF-
o, IL-17, RANKL, and OPG. Considering the relationship
between rheumatoid arthritis and periodontitis, only two
articles showed no statistical significant association, while 24
studies have established this association, either by descriptive
(3 studies) or statistical analysis (21 studies).

4., Discussion

In this review, demographic data and other aspects that
can modify one or both diseases were presented, as well as
the relationship between both diseases investigated through
clinical and epidemiological associations, effects of mechan-
ical periodontal treatment, presence of oral bacterial DNA
in patients with RA, proinflammatory mediators, antibodies
against bacteria, and autoantibodies.

The articles showed higher prevalence of female patients.
This aspect was interesting, as a possible relationship between
female sex hormones and susceptibility of rheumatoid arthri-
tis had been reported in the literature, so that low levels of
those hormones at menopause promote the risk of devel-
oping the disease early [60]. However, a protective role of
oral contraceptives on the risk for rheumatoid arthritis in
women is still controversial [61-63]. On the other hand, there
is strong evidence that estrogen deficiency influences the
severity of periodontitis, since worse periodontal parameters
were observed as bleeding on probing, gingival recession,
and clinical attachment loss in postmenopausal women with
osteoporosis [64].

The smoking status was also recorded in the selected stud-
ies. Cigarette smoking is considered an important risk factor
for the development of rheumatoid arthritis, since it was
demonstrated that lifelong cigarette smoking was positively
associated with the risk of RA even among smokers with
a low lifelong exposure [65]. Moreover, it has been related
that smoking interacts with HLA-DR SE genes and increases
the risk of anti-CCP antibodies in patients with rheumatoid
arthritis [66]. Regarding the periodontium, it was shown that
smokers presented greater probing depths, when compared
to the probing depths of patients who never smoked [67].

The literature shows that PD does not usually require
pharmacological treatment, except for mechanical periodon-
tal treatment as routine. In this review, this fact was also
observed, while half of the studies had shown that rheuma-
toid arthritis involved some pharmacological approach. The
use of disease-modifying antirheumatic drugs (DMARDs)
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aims to reverse the symptoms of the disease, reduce the
progression of joint damage, and consequently improve the
quality of life of patients [68]. The conventional synthetic
DMARDs include methotrexate, sulfasalazine, and lefluno-
mide; the available tumor necrosis factor inhibitors (adali-
mumab, etanercept, and infliximab), the T cell costimulation
inhibitor (abatacept), the anti-B cell agent (rituximab), and
the interleukin-6 receptor blocking monoclonal antibody are
included in biological DMARDs [69]. These medications may
be associated with glucocorticoids (GC) or nonsteroidal anti-
inflammatory drugs (NSAIDs). The long-term, low-dose glu-
cocorticoid and NSAIDs therapy were shown to reduce joint
symptoms, pain, and other systemic manifestations [70, 71].
Although these benefits are present, the long-time treatment
with GC and methotrexate decreased immune response and
promoted oral changes, such as candidiasis, periodontitis,
and oral ulceration besides impaired saliva secretion [72].
Indeed the literature demonstrated that patients on corticos-
teroids exhibited higher levels of candidiasis, clinical attach-
ment loss, and probing pocket depth [73]. These aspects, at
least in part, may contribute to the worse periodontal status
of RA patients when compared to healthy patients. Moreover,
the use of medications referred to in half of the articles
could compromise the evaluation of this review. However, it
is noteworthy that the other half of the articles did not use any
medication [35-37, 40, 41, 44, 45, 49, 50, 52, 53, 55, 58].
Analysing the articles, it was observed that most patients
with RA showed a significant increase in the incidence of PD
as compared to healthy individuals, while only few articles
concluded the opposite, probably due to the lack of standard-
ization of parameters in evaluating the different types of peri-
odontitis. Although epidemiological studies outlined by Dev
etal. (2013) [45] have not observed a significant RA incidence
in subjects with periodontitis where these authors suggested
that periodontitis is an independent factor for RA, several
other studies have shown that patients with RA were more
susceptible to the development of periodontitis [38, 44], since
these patients had worse periodontal parameters, such as
clinical attachment level [37, 56], alveolar bone loss [56, 59],
probing depth [37, 49], plaque index, and bleeding on probing
[37, 41, 54]. Indeed, the mechanical periodontal treatment
as scaling and root planning in the control of periodontal
infection interfered not only with the severity of RA but
also with the periodontal clinical parameters [74]. This result
can be explained by a reduction in the foci of oral bacteria,
and therefore the low levels of inflammation demonstrated
a decrease of DAS28 (disease activity score in 28 joints)
and serum levels of IL-1f3, TNF-«, C-reactive protein, and
erythrocyte rate sedimentation [37, 42, 46, 51]. In this sense,
studies have defended the hypothesis that oral infections
play an important role in the pathogenesis of RA, promoting
the citrullination of proteins, which can be based on the
detection of bacterial DNA using the techniques of DNA
isolation (PCR and DNA-DNA hybridization) and high titers
of antibodies against bacteria in synovial fluid and serum
samples from patients with RA [40, 51, 52]. Most of the studies
have shown the presence of oral bacteria in patients with RA,
highlighting P. gingivalis and E nucleatum [40, 52]. Markedly,
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P gingivalis is the most elucidated in the development of
RA, and studies using animal models have demonstrated the
potential of this proinflammatory bacterium promoting the
development of experimental arthritis and increased serum
levels of C-reactive protein, TNF-«, IL-1§3, IL-17, MMP-13,
and RANKL [75]. Furthermore, RA is an autoimmune disease
characterized by autoantibodies specific for citrullinated
peptide antigen (anticyclic citrullinated peptide), which are
synthetized by peptidylarginine deiminase and characterized
as the most specific markers for the diagnosis of the disease
[76, 77]. Considering that the P. gingivalis is regarded as
being capable of expressing this enzyme (PAD), it is suggested
that infection with this microorganism could influence the
pathogenesis of RA [78, 79]. These citrullinated proteins were
also found in periodontal tissues, indicating a link between
these peptides generated in the oral cavity and those observed
in articular tissues [36, 80].

Additionally, the presence of antibodies to P. gingivalis
was investigated. Although Seror et al. (2015) [57] have
not detected this, antibody titres significantly differ between
early rheumatoid arthritis and healthy controls. Other studies
observed the antibodies to P gingivalis in patients with
RA and severe periodontitis [39] and were associated with
probing depth and clinical attachment level and the titers
of rheumatoid factor and anticyclic citrullinated peptide
autoantibodies [35, 50], which may be found in patients
with RA and related to the severity of periodontitis [55]. In
summary, the studies suggested that P. gingivalis might play a
role in the pathogenesis of RA. The response in periodontitis
was related to uncitrullinated peptide, suggesting that these
peptides break tolerance and can be involved in pathogenesis
of RA [53] (Figure 1(c)).

Inflammatory conditions and mechanisms for bone
destruction in PD and RA have many similarities. Most of the
studies have found high levels of proinflammatory cytokines
and other mediators of inflammation, such as MMP-9 [58],
TNF-« [48], IL-17, RANKL, and OPG [47]. Moreover, it was
demonstrated that the hypomethylated status, a single region
of the IL-6, may contribute to elevated serum levels of this
cytokine, implying a role in the pathogenesis of these diseases
[34], while the anti-inflammatory cytokines in the GCE
such as IL-4 and IL-10, showed no consensus among studies
regarding the differences observed among individuals with
PD and RA [43]. In addition, hypotheses have been proposed
to explain the relationship between periodontitis and sys-
temic diseases, such as rheumatoid arthritis. In the literature,
studies have suggested that chronic periodontitis generates
local constant high levels of microparticles, which have been
considered inflammatory biomarkers or mediators respon-
sible for distant cell signalling and regulation [81]. More-
over, it has been reported that these microparticles play an
important role in thrombosis and angiogenesis and mediate
cellular communication by transferring mRNAs and microR-
NAs from the cell of origin to target cells [82]. Thus, the
microparticle participation and its spread into the blood-
stream could constitute the explanation to the increased risk
for systemic disease in patients with periodontitis [83].

Mediators of Inflammation

Despite these evidences showing a link between rheuma-
toid arthritis and periodontitis, the exact mechanisms involv-
ing this association have not been fully elucidated. Thus, well-
designed longitudinal multicentre clinical trials and further
studies with sufficient sample sizes are required to determine
the biochemical processes and clinical relationships between
these chronic inflammatory conditions. Moreover, these
studies should consider other potential confound factors such
as the drugs administered for the treatment for each disease
or differences in oral hygiene or smoking habits in these
patients.

5. Conclusion

The majority of the articles have confirmed that there is a
correlation between PD and RA, since both disorders have
characteristics in common and result from an imbalance in
the immunoinflammatory response. Although it is necessary
to highlight the importance of the mechanical treatment
for periodontitis and pharmacological treatments mainly for
RA patients, more research is needed to assess whether the
coexistence of both diseases can affect the clinical signs of
periodontitis and systemic markers of rheumatoid arthritis
and strengthen the capacity of oral bacteria to stimulate an
autoimmune response, thus establishing that cell constituents
or mediators could share common pathophysiological path-
ways for both diseases and therefore define the best therapy.
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Reactional episodes in leprosy are a result of complex interactions between the immune system, Mycobacterium leprae, and
predisposing factors, including dental infections. To determine the main inflammatory mediators in the immunopathological
process of dental infections and leprosy reactions, we conducted a systematic review of primary literature published between 1996
and 2013. A three-stage literature search was performed (Stage I, “leprosy reactions” and “inflammatory mediators”; Stage II, “dental
infections” and “inflammatory mediators”; and Stage III, “leprosy reactions,” “dental infections,” and “inflammatory mediators”). Of
the 911 eligible publications, 10 were selected in Stage I, 68 in Stage II, and 1 in Stage III. Of the 27 studied inflammatory mediators,
the main proinflammatory mediators were IL-6, IFN-y, TNF-«, IL-13, and IL-17; the main anti-inflammatory mediators were IL-
10 and IL-4. Serum IL-6 and TNF-« concentrations were significant during periodontal and reactional lesion evolution; IFN-y
and IL-1/3 were associated with types 1 and 2 reactions and chronic periodontal disease. The proinflammatory mediators in dental
infections and leprosy reactions, especially IL-6 and TNF-a, were similar across studies, regardless of the laboratory technique and
sample type. IFN-y and IL-13 were significant for leprosy reactions and periodontal diseases. This pattern was maintained in serum.

1. Introduction

Leprosy reactions are sudden acute immune-inflammation
episodes against Mycobacterium leprae superimposed on the
chronic course of leprosy. They predominate in individuals
classified as multibacillary and are responsible for irreversible
nerve damage, increasing the disease burden and associated
stigma [1].

Identified as type 1 reactions (T1Rs), type 2 reactions
(T2Rs), or neurological reactions, leprosy reactions show
distinct immunological characteristics and may occur before
or during treatment as well as up to 5 years or more after
the conclusion of polychemotherapy. A TIR is clinically
characterized by the increase and exacerbation of preexist-
ing lesions with no involvement of the individual’s general
condition. In a T2R, nerve involvement is less frequent;
the individual presents with general malaise, fever, and
systemic involvement, which is not restricted only to the
skin. Isolated neuritis results in symptoms and neurological
signs without the cutaneous manifestations of TIRs and T2Rs;

in the absence of pain, they are called silent neuritis [2-
4]. Approximately 25-50% of sick individuals can develop
reactions [5-8].

Among individuals with borderline leprosy, 30% show a
risk of T1R; the incidence is significantly higher in borderline-
borderline and borderline-lepromatous (BL) cases than in
borderline tuberculoid cases. In contrast, T2R occurs more
frequently in individuals with lepromatous leprosy (LL),
affecting 20% of LL cases and 10% of BL cases [9, 10].

Studies published in the past 5 years have addressed the
possible relationship between the occurrence of reactional
episodes and dental infections [11-14]. The oral health con-
ditions in individuals with leprosy are poor, that is, high rates
of caries and periodontal disease (PD) [15-20], with little
involvement of dentists to control these diseases [11, 21].

Leprosy reactions and dental infections have some com-
mon characteristics. They are both slowly evolving chronic
infections, modulated by a number of inflammatory and
immunopathological events resulting from the interaction
between bacteria and their products and the host immune
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response. Both the complications of leprosy and extent
and severity of PD manifest as secondary damage, arising
from an unsuccessful defense mechanism of the host [22-
24]. Common and important mediators expressed in both
conditions include IL-1, IL-1p3, IL-4, IL-6, IL-8, IL-10, TNF-q,
and IFN-y [25-29].

The release of cytokines in response to oral bacteria
is among the mechanisms underlying the systemic effects
of periodontitis [30, 31]. Motta et al. [12-14] investigated
the role of dental infections in the triggering, maintenance,
or exacerbation of reactive episodes and emphasized the
possible role of IL-6, IL-10, and IL-1 in these events. However,
there is need for additional studies to understand this possible
interaction.

The hypothesis of a close relationship between oral
diseases and certain systemic conditions is not new. The sci-
entific evidence in dentistry and medicine has corroborated
the bidirectional relationship between an individual’s general
health and oral health as well as specific oral diseases, such as
PDs [32-34].

Considering the scarcity of studies aimed at investigat-
ing the relationship between dental infections and leprosy
reactions and the possibility of a systemic effect of cytokines
in the immunopathological mechanisms of these diseases,
this systematic review aimed at analyzing scientific publi-
cations reporting the inflammatory mediators involved in
the immunopathological processes of dental infections and
leprosy reactions.

2. Materials and Methods

2.1. Type of Study. 'This was an exploratory systematic review
of the primary literature on inflammatory mediators involved
in the immunopathological process of reactional episodes in
leprosy and dental infections.

2.2. Data Sources and Time Period. A search of the lit-
erature was conducted between January and December
2013 in the following electronic databases: (i) national
database (BBO Dental/Brazil, Spanish Bibliographic Index
of Health Sciences/IBECS, and Scientific Electronic Library
Online/SciELO); (ii) international database (Latin American
and Caribbean Health Sciences/LILACS, US National Library
of Medicine/PubMed, and U.S. National Library of Medicine’s
bibliographic database/MedLine); and (iii) the cochrane
library.

2.3. Search Strategy and Selection of Articles. Considering that
the term “periodontal medicine” was first used in dentistry in
1996 to designate the branch of periodontology addressed to
the investigations of the bidirectional relationships between
PDs and the general condition of the individual [33, 34],
we limited the literature search to studies published between
January 1, 1996, and December 31, 2013.

The search strategy was constructed with descriptors
in English, Spanish, and Portuguese and considering their
synonyms, according to the specificities of the databases.
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We identified the descriptors in the health sciences by
consulting the DeCS according to Keywords in Context and
the Medical Subject Headings (MeSH).

The following MeSH terms and keywords were used:

(1) Pulpitis.

(2) Gingival diseases, gingivitis.

(3) Periodontitis; periodontal diseases, hierarchical term
in MeSH: aggressive periodontitis; chronic periodon-
titis; periapical periodontitis; periodontal abscess;
periodontal pocket.

(4) Cytokines; interleukin(s) (blood/skin).

(5) Inflammation mediators; biological markers; bio-
markers.

(6) Type I reversal reaction; reversal reaction; erythema
nodosum leprosum.

(7) Leprosy reaction; leprosy reactions; leprosy reac-
tional.

(8) Biopsy.
(9) Skin.

The search was conducted in three stages. During Stage
I, the bibliographic search was conducted for the terms
“leprosy reactions” and “cytokines.” In Stage II, we used
“dental infections” and “cytokines,” and, in Stage III, we used
“leprosy reactions,” “dental infections,” and “cytokines”

Studies were included that investigated the participation
and involvement of cytokines in the inflammatory process
of dental infections and/or during the occurrence of leprosy
reactions.

We excluded all articles that had any of the following
groups: pregnant women, syndromic individuals, smokers,
experimental animals, or individuals with systemic diseases
or conditions (diabetes, menopause, cardiovascular disease,
and chronic renal failure). We also excluded studies involv-
ing cell cultures, influence of drugs, the production of
cytokines and periodontopathic bacteria, genetic polymor-
phisms, mutations, case reports, systematic reviews, literature
reviews, and meta-analyses.

After the article selection, we constructed a form with
the following pieces of information: author and year, study
population (sample size, age, type of dental infection, and/or
reactional episode), laboratory techniques used in the studies,
cytokines analyzed, and additional relevant results.

Exploratory analyses using tables, figures, and flowcharts
were conducted.

3. Results

We identified 911 publications dated between January 1, 1996,
and December 21, 2013, of which we excluded 795; a further
37 articles were duplicates. We selected the remaining 79
publications for analysis: 10 articles (12.7%) in Stage I, 68
articles (86.0%) in Stage II, and 1 article (1.3%) in Stage III. In
these articles of dental infections and the occurrence of reac-
tional episodes, the 27 researched inflammatory mediators,
independent of the laboratory technique and type of sample,
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P
Scientific publications found

National (1 = 48)

(Scientiﬁc publication retrieved
Stage I (n = 131)
Stage II (n = 773)
Stage III (n = 7)

Excluded articles (n = 795)

(i) Experimental animals; pregnant women;

(ii) Smokers, syndromic; evaluation of drugs;

(iii) Genetic polymorphism; cell culture; mutations;
(iv) Case reports; systematic reviews;

(v) Meta-analysis; literature review;

( Scientific publications selected
(i) Stage I (n = 18)

(ii) Stage II (n = 94)

(iii) Stage III (n = 4)

(vi) Systemic disease or condition present
(menopause, diabetes, chronic kidney disease,
low weight, etc...)

(

4

Scientific publications reviewed
(n=79)

AN

LDuplicate articles (n = 37)}

p
Laboratory tests described for the analysis
of cytokines:

i

Stage I (n = 10) Stage II (n = 68)

J

l
l

(i) ELISA (n = 55)

(ii) RT-PCR (n = 12)

(iii) Immunohistochemistry (n = 8)
(iv) Multiplex (n = 3)

(v) Luminex (n = 2)

4 Y

Cytokines investigated Cytokines

investigated
TNF-«, IL-183, IL-2,
IL-4, IL-5, IL-6, IL-8,
1L-9, IL-10, IL-11, IL-12,
IL-13, IL-15, IL-17, IL-7,
IFN-y, TGF-1, IL-21, TL-23
IL-17A, IL-17F, IL-1«
IL-12p35, IL-12p70,
IL-12p19, IL-12p40

TNF-a, IL-1f, IL-2,
IL-4, IL-5, IL-6, IL-8,
IL-9, IL-10, IL-11, IL-12,
IL-13,1L-15, IL-17, IL-7,
IFN-y, TGF-18

Cytokines
investigated
TNF-«, IL-1,
IL-6, IL-10,

(vi) Fluorescence in situ hybridization (n = 2)
(vii) Immunoblotting (n = 1)
\(viii) Milliplex (n = 1)

IFN-y

FIGURE I: Flowchart of the selection of scientific articles published between January 1, 1996, and December 31, 2013, regarding inflammatory
mediators involved in leprosy reactional episodes and dental infections. Stage I (bibliographic search for inflammatory mediators/leprosy
reactions); Stage II (bibliographic search for inflammatory mediators/dental infections); Stage III (bibliographic search for inflammatory

mediators/dental infections/leprosy reactions).

were TNF-a, IFN-y, IL-1/IL-183, IL-1e, IL-2, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-12p35, IL-12p70,
IL-12p40, IL-15, IL-17,IL-17A, IL-17F, IL-18, IL-21, IL-23, IL-23
p19, and TGF-18 (Figure 1).

The use of ELISA (69%) and RT-PCR (15%) to detect
the inflammatory mediators was more frequently reported
(Figure 1).

Among the studies on dental infection, the most common
proinflammatory mediators were IL-1f3 (29 articles), TNF-«
(25 articles), IL-6 (24 articles), and IFN-y (17 articles), and
the most common anti-inflammatory mediator was IL-4
(15 articles). For leprosy reactions, the most common proin-
flammatory mediators were TNF-«a (7 articles), IFN-y (5
articles), IL-6 (4 articles), and IL-17 (3 articles), and the most
common anti-inflammatory mediators were IL-4 (4 articles)
and IL-10 (4 articles) (Table 1).

Of the publications regarding the role of inflammatory
mediators in the immunopathological process of dental infec-
tions, 10% were associated with periapical lesions (e.g., cyst,

periapical granuloma, keratocyst, chronic periapical lesion,
radicular cyst, and periapical lesion), 10% were associated
with the presence of severe caries and/or pulpitis, and 79%
referred to PD.

Ofthe 19 studies that analyzed the participation of inflam-
matory mediators in PD, defined as mild, moderate, or severe,
or whose definition parameters included only measurements
of the periodontal pocket depth, clinical attachment loss, and
presence of gingival bleeding, inflammatory mediators were
correlated with the clinical parameters of PD. The following
cytokines were included in these articles: TNF-a, IL-13, IL-2,
IL-4, IL-6, IL-8, IL-10, IL-11, IL-13, IL-17, IL-18, IL-23, IFN-y,
and IL-12p35 (Table 2).

Laboratory analyses of inflammatory mediators were
conducted in serum (11 articles), gingival, pulp, or peri-
apical tissue biopsy (28 articles), and gingival crevicular
fluid (GCF) or saliva (29 articles). Only one article pre-
sented the analysis of inflammatory mediators in plasma
(Table 2).
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FIGURE 2: Main inflammatory meditators identified for leprosy reaction (a) and dental infections (b) in articles published between January 1,

1996, and December 1, 2013, and selected for the systematic review.

Type 1

(a) Leprosy reaction

Aggressive

Chronic

(b) Periodontal disease

FIGURE 3: Main serum inflammatory mediators that were identified in leprosy reactions and periodontal diseases, by type, in the articles
published between January 1, 1996, and December 31, 2013, that were selected for the systematic review.

Only one publication investigated the role of media-
tors during reactional episodes in individuals with dental
infections. We identified higher serum IL-1, IL-6, and IL-10
levels in individuals with leprosy and dental infection com-
pared with individuals with leprosy without dental infection
(Table 3).

Among the articles of leprosy reactions, regardless of
the type of sample, IFN-y, TNF-«, IL-6, and IL-18 were
involved in T1Rs and T2Rs. In addition, IL-17 and TGF-f1
were involved in T1Rs, and the anti-inflammatory mediators
IL-10, IL-4, and IL-7 were involved in T2Rs (Figure 2(a)).

IL-6 and TNF-« were involved in the immunopathologi-
cal process of dental infections (Figure 2(b)), which included
periapical lesions (Figure 2(b)(1b)), PD (Figure 2(b)(2b)),
and severe caries and/or pulpitis (Figure 2(b)(3b)). In studies
of aggressive periodontitis (PDag) and chronic PD (CPD), 6
proinflammatory mediators (IL-1f3, IL-6, IFN-y, TNF-«, IL-
17, and IL-12) and 2 common anti-inflammatory mediators
(TGF-p and IL-4) were involved.

Among the common proinflammatory mediators identi-
fied in serum during the occurrence of leprosy reactions (a)
and PD (b), IL-6 and TNF-« were predominant (Figure 3).

In the immune process of T2Rs, only the anti-
inflammatory mediators IL-10 and IL-7 were present in
serum. During the occurrence of TIRs and T2Rs, the
proinflammatory mediators IL-6, IFN-y, TNF-«, and IL-18
were detected. IL-17 participated during the occurrence of
T1Rs (Figure 3).

In CPD, we also identified IL-1, IFN-y, IL-18, and IL-
2 as the proinflammatory mediators in serum. The anti-
inflammatory mediators IL-4 and IL-10 were only identified
in serum for PDag. For T2Rs and CPD, the common serum
proinflammatory mediators included IL-6, IFN-y, TNF-qa,
and IL-B1 (Figure 3).

4, Discussion

In this systematic review, we identified important pro- and
anti-inflammatory mediators involved in the occurrence
of dental infections and leprosy reactions, including IL-6,
IEN-y, TNF-«, IL-1f3, IL-17, IL-10, and IL-4, which were
independent of the laboratory technique and sample. In
serum, significant concentrations of IL-6 and TNF-a were
present during the evolution of periodontitis and reactional
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TABLE 1: Frequency of articles published between January 1, 1996,
and December 31, 2013, that were selected for the systematic review
regarding dental infections, leprosy reactions, and the types of
investigated inflammatory mediators.

Type of article

Inflammatory . . .
mediators Dental infections Leprosy reactions

n=68" % n=10" %
IL-18 29 42.7 3 30.0
TNF-« 25 36.8 7 70.0
IL-6 24 353 4 40.0
IFN-y 17 25.0 5 50.0
IL-4 15 22.0 4 40.0
IL-10 13 19.1 4 40.0
IL-17° 13 19.1 3 30.0
IL-8 12 17.6 2 20.0
IL-2 11 16.2 1 10.0
IL-12 6 8.8 2 20.0
IL-1e 6 8.8
IL-18 5 7.3
IL-23 4 5.9
IL-5 4 5.9 2 20.0
IL-11 4 5.9
TGEF-1p3 4 59 1 10.0
IL-13 4 59 1 10.0
IL-15 3 4.4 1 10.0
IL-7 2 2.9 1 10.0
IL-12p40 2 2.9
IL-12p70 2 2.9
1L-23p19 2 2.9
IL-9 1 1.5 1 11.1
IL-12p35 1 1.5
IL-21 1 1.5

*Number of articles about dental infections.
**Number of articles about leprosy reactions.
SIncluded in the cytokines IL-17A and IL-17F.

lesions, while IFN-y and IL-1f3 were related with TIR, T2R,
and CPD.

Such inflammatory mediators are produced by a wide
variety of cells during the acute and chronic phases of
inflammation, and they have important modulatory and
regulatory functions in the inflammatory responses of the
immune system. They function together to create a com-
plex network with redundant, synergistic, or antagonistic
properties. Furthermore, some molecules are pleiotropic and
may have endocrine activity, such as IL-6, TNF-«, and IL-1
35, 36].

4.1. IL-6. IL-6 is mainly synthesized in the presence of IL-1,
TNF-«, and lipopolysaccharides that are present in the cell
walls of gram-negative bacteria, including the periodon-
topathogens. It is multifunctional and is present in both the
innate and adaptive immune responses, with a key role in

the acute immune inflammatory response. It stimulates the
T lymphocytes, contributes to the increase of B lymphocytes,
and contributes to the production of antibodies in the Th2-
cell-mediated immune response [10, 26, 37, 38].

IL-6 and TNF-« have been found in biopsy specimens
of all individuals with TIR or T2R [39], who have also
demonstrated increased levels of IL-6 in serum [26, 40].
Considering its proinflammatory potential and ability to
stimulate the production of antibodies, some authors have
suggested this cytokine as a valuable prognostic marker for
leprosy reactions [7, 9, 36, 37, 40, 41].

In more recent studies, an association between increased
plasma IL-6 levels and the occurrence of TIR and T2R has
been reported. In TIR, this condition can be explained by the
probable participation of cells related to the T1 type response,
resulting from nongenetic and/or genetic determinants. In
contrast, in T2R, the main determinant for the significant
increase in IL-6 seems to be the presence of polymorphisms
in the encoding gene of this cytokine [7, 41].

In the present review, regardless of the type of sample
used, IL-6 in dental infections was associated with the
presence of severe caries, symptomatic periapical lesions, and
PD status. As osteoclast-activating factors, IL-6, TNF-a, and
IL-1B are involved in bone resorption during the evolution
of PDs [42-50]. IL-6 was correlated with the probing depth
and sulcus impairment; it was identified in biopsy specimens,
saliva, and gingival fluid, in addition to serum and plasma
[42, 43, 46, 47, 49-52]. Individuals with CPD in advanced
stages, severe periodontitis, or PDag had significant IL-6
levels [42, 49-51]. The presence of polymorphic variants
in the IL-6 gene has indicated an association with the
pathogenesis of CPD [53], as well as an increased risk for
PDag [54]. Interestingly, this polymorphism seems to have a
similar location as that of SNP rs1800795, which is associated
with T2R [41].

According to Motta et al. [12], IL-6 is among the medi-
ators possibly involved in the maintenance of reactional
episodes, in addition to serum IL-1 and IL-10. Multibacillary
individuals with oral infections showed a greater risk for
reactions, especially of the erythema nodosum leprosum
type, with a clinical improvement of reactional episodes after
dental therapy [12, 13, 55]. Recently, it was also observed that
dental infections in individuals with leprosy could increase
the proinflammatory response mediated by IFN-y, while the
opposite effect occurred for the immunoregulatory activity of
IL-4, resulting in exacerbation of the inflammatory reaction
(14].

4.2.IFN-y. Serum IFN-ylevels during the occurrence of TIR,
T2R, and CPD favor the phagocytic activity in inflammation
and amplify the response activity of T cells. It has also been
observed in gingival tissue biopsies from lesions of patients
with leprosy, saliva, and GCF [43, 45, 49, 50, 56-60]; it is
secreted by CD4+ T cells, CD8+ lymphocytes, peripheral
blood mononuclear cells, and natural killer (NK) cells, which
are also related to periodontal bone loss [14, 26, 61, 62].

High serum IFN-y levels during the reactivation or in
excessive acute immune inflammatory responses during the
occurrence of reactional episodes have been discussed in
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TABLE 2: Articles selected for the systematic review on dental infections and the presence of inflammatory mediators in serum (a), biopsy
specimens (b), and gingival crevicular fluid (GCF) (c) according to the publication year, author, type of sample, and obtained results.

Year Authors N Significant results
(a) Dental infections and Presence of mediators in serum
Kinney et al.” [105] 83 (PD) IL-15, MMP-8, and MMP-9 were strongly correlated with PD status.
Ozgaka etal.” [106] 22 (CPD), 21 (C) Individuals with CPD had lower IL-17 levels in saliva.
. 25 (PDagG) Low levels of IL-4 were associated with PDagG, and IL-6 levels were
201 Robati etal. [51] 25 (C% high compared with the control group. ’
Sanchez-Hernandez et 18 (CPD), Individuals with PDag had higher IL-12 levels in gingival tissue and
al ™" [35] 12 (PDag), serum. Those with CPD had higher serum IL-18 concentrations than
’ 9 (C) controls.
Duarte et al. [70] 14 (PDagG) After periodontal treatment, the serum TNF-« concentration
’ 14 (CPDg); 14 (C) remained high in the PDagG group
2010 53 (PDaglL), . . e .
Schenkein et al. [73] 49 (PDagG), IL.-17 was associated with the. loss of clinical insertion. Ind.1v1duals
67 (C) with PDagG or PDagL had higher serum IL-17 concentrations.
Abdolsamadi et al. [107] 40 (LPC) Pro.ductio.nhof IL-6 in LPC could be used as a marker of chronic apical
2008 0o I;Ziil(;;i(ig\trletllss Bf RANTES, MIG, and eotaxin differed between healthy
de Queiroz et al. [108] 17 (CPD), 8 () individuals and those with periodontitis.
1131 (severe, moderate, or High levels of plasma TNF-a were associated with the extent of PD
2005 Bretz et al."** [42] S ’ and number of teeth. IL-6 levels were higher in individuals with more
absent disease) . . e
extensive PD than in other individuals.
25 (CPD) Serum and gingival tissue biopsy specimens of individuals with CPD
2003 Gorska et al.”™ [56] 25 (C) had higher levels of IL-13, TNF-q, IL-2, and IFN-y than those of the
control group.
T The severity of PD was not associated with the average serum IL-6
2001 Murata et al. [52] 276 individuals concentrati);n. Further, 54% were positive for IL-6 if serum.
(b) Dental infections and presence of inflammatory mediators in biopsy specimens
10 (CPD) Individuals with CPD showed increased expression of IL-21, IL-1f3,
2012 Dutzan et al. [80] 8(C) ’ IL-6, IL-17, and IL-23p19 and decreased expression of IL-10 and
TGE-pL.
Dutzan et al.' [109] 15 (CPD), 19 (C) I(r}lél;viizfllsc (\;\Egl()ICS'PD had higher IL-21 levels in gingival tissue and
201 Santos [57] 36 (DGC), 31 (CPD), 15 (C) IFN-y was present in the gin'gival' tissue of all samples and was
present at higher concentrations in more advanced stages.
106 (moderate or advanced The IFN-y level in gingival fluid was higher than at the active site.
Dutzan et al.” [58] CPD), 25 active sites; 25  Progressive periodontal lesions in individuals with CPD had higher
inactive sites expression of IFN-y and had more frequent IFN-y expression.
2009 Granulomatous tissue showed increased expression of IL-10, whereas
20 (GP), S . L .
Fukada et al. [110] 10 (cysts), 8 (C) periapical tissue with granuloma and cyst had similar expressions of
Yo IFN-y and IL-4.
Ohyama et al. [74] 15 (PD) Individuals with PD had higher levels of IL-23 and IL-12 in
) 11 (C) periodontal lesions than the control group.
Honda et al. [75] 24 (PD) Expression of IL-17A mRNA was higher than that of IL-17F mRNA.
' 23 (G) The expression of IL-17A differed in gingivitis and periodontitis.
2008 M 1185 57 (GP) Periapical granulomas showed higher TNF-«, IL-10, and RANKL
enezes etal. [85] 38 (C) mRNA expression than healthy periodontal tissues.
29 51331()B_P3:n311?6?fn§® Affected gingival tissue (3-6 mm) showed higher concentrations of
Johnson and Serio [43] 53 (BP > 6 mm) IFN-y, IL-2, IL-4, IL-6, IL-10, and IL-13 than controls. IL-6 showed a
58 (C) positive correlation with sulcular impairment.
2007 Jurisic et al. [86] 43 (CR), 15 (keratocysts) A higher concentration of TNF-« was observed in radicular cysts.
6 (reversible pulpitis) ~ The increase in TNF-a gene expression was associated with
Kokkas et al. [44] 6 (irreversible pulpitis), 6 irreversible pulpitis compared with the control group. TNF-« was
© positively associated with the severity of clinical parameters.

Group I: 15 (sensitive LP),
Brekalo Prso et al. [87] Group II: 15 (insensitive
LP),15(C)

Groups I and II had higher levels of TNF-«. Symptomatic periapical
tissues had higher levels of IL-6 than asymptomatic periapical tissues
and controls.
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TABLE 2: Continued.

Year Authors N Significant results
25 (CPD) Individuals with periodontitis had higher levels of IL-13, IFN-y,
2006 Honda et al. [59] 23 (G) RANKL, HSP60, and TGEF-f31. The levels of IL-4 were slightly higher
in periodontitis than in gingivitis.
36 (BP =3mmand SG)  Concentrations of IL-2, IL-4, IL-6, IL-10, IL-18, and IFN-y were
. 39 (BP 4-6 mm) higher in biopsy specimens from tissue adjacent to BP of 4-6 mm
Johnson and Serio [45] 15 (BP > 6 mm) thgn in contrlc))lz. Ifl)igher concentrations ofJ IL-6 and IL-18 were noted
2005 42 (C) adjacent to sites with a probing depth >6 mm than in healthy sites.
Rodriguez and Lopez 13 (G), 9 (CPD) Individuals with gingivitis and periodontitis had higher
[46] 13 (C) concentrations of IL-6 in gingival tissues than in healthy tissues.
19 (BP =3mmand SG)  IL-6 concentration increased with probing depth; the IL-11
24 (BP 4-5mm) concentration was higher around BP = 3 mm, and the IL-17
2004 Johnson etal. [47] 11 (BP > 6 mm) concentration was higher around BP of 4-5 mm compared with the
31(C) other sites.
11 (severe caries, Teeth with severe caries showed a higher expression of IL-6, IL-8, and
2003 Zehnder et al. [111] symptomatic, 13 (C)  IL18. gherexp
2002 Pezelj-Ribaric et al. [112] 202((1)rzzzteerrsllsl:i>\llz I; :E);Ss) ¥eeth with irreversible pulpitis showed higher concentrations of
. NF-« than controls.
restoration), 20 (C)
. 10 (PIP) IFN-y and IL-2 were involved in disease progression, suggesting a
2001 Lappin et al. [60] 10 (CPD) modl):lator role in the inflammatory respgnsg. 5 s
2000 Danin et al. [113] 25 (LPC) TGEF-f per mg tissue was correlated with the diameter of the lesions.
6 (pulpitis), 6 (LP) Samples of the periapical and inflamed pulp tissue showed medium
Barkhordar etal. [114] ’ p8 (©) levellz of IL-6, V\Irjhichzvere higher compziecf with control levels.
1999 Teeth (irreversible pulpitis Teeth with irreversible pulpitis had higher levels of IL-8 than those
Huang et al. [115] .
and C) with healthy pulp.
N=8
McGee et al. [48] n;: BP <3mm There was a higher concentration of IL-8 around BP <3 mm and a
’ ny: BP with 4-6 mm;  higher concentration of IL-6 and IL-1f3 around BP >6 mm.
1998 s BP >6 mm
Shimauchi et al. [81] 29(';;;;}25‘;;;};5) lﬁilt?élﬁﬁes There was a positive correlation between IL-1ra and IL-1p, at relatively
’ . higher levels of IL-1ra when compared with IL-1f3.
asymptomatic)
Rauschenberger [116] 12 (irreversible pulpitis), 17 I.L—2 concentrations diffe'red significantly between inflamed pulp
©) tissue and healthy pulp tissue.
Roberts et al. [117] 17 (CPD) TNF-« ar.ld I.L—lra} mRNA expression were higher in CPD than in
1997 healthy gingival tissue.
Roberts et al. [118] 34 (CPD) TNF-a mRNA expression was higher in CPD than in controls. IL-153,
’ 5(C) IL-1ra, and IL-1x were seen more often in healthy tissue.
13 (moderate or advanced Gingival tissue with periodontitis showed a predominant expression
Tokoro et al. [89] of IL-4 and IL-5. There was a predominance of IL-1e, IL-1§3, and
(PD),5(G) L
TNF-« in gingivitis.
(c) Dental infections and presence of inflammatory mediators in GCF and saliva
21 (PDagG), PDagG had higher total levels of IL-8 in GCF than CPD, G, and
Ertugrul et al. [90] 21 (CPD) controls. Levels of IL-13 and TNF-a were higher for the group with
013 21(G), 21 (C) PDagG.
IL-1B can be used as a marker in PD. Individuals with severe
Rathnayake et al. [82] 441(PD) perifdontitis showed a higher concentration of IL-1p.
Yue et al. [49] 40 (PDag) In PDag, there were higher concentrations of IL-1f3, IL-2, IL-6, IFN-y,
’ 40 (C) and TNF-« in saliva and GCE.
20 (PDagG), The frequency of IL-11 was lower in the group with PDagG, and the
2012 Ay etal. [119] 18 (C% concen?ratior? of IL-17 was lower than ing theiontrol gro%lp.
30 (CPD) IL-1/3 was positively correlated with the following clinical parameters:
Chaudbhari et al. [95] 30 (C) bleeding on probing, pocket depth, periodontal disease rating, and
tooth mobility.
. 14 (PAA), Higher TNFa concentrations were noted in gingival sites of teeth
2011 Garrido Flores et al. [85] 14 (C) witgh PAA than in the control group. s
Kaushik et al. [83] 28 (CPDg), (C) In.dividuals with PD had a medium level of elevated IL-1§ compared
with the control group.
34 (PDaglL) Patients with PDag had higher levels of TNF«, IFNy, IL1S, IL2, IL6,

Shaddox et al. [50]

Stashenko et al.™ [120]

9 (C)
103 (PIP, ), 42 (PIP,)
45(C)

IL10, and IL12p40 than healthy individuals.
Levels of IL-18 in GCF increased according to the severity of PD.
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TaBLE 2: Continued.
Year Authors N Significant results
40 teeth (PA) Teeth with apical lesions had higher levels of IL-1f3 in the gingival
Burgener etal. [121] 40 teeth (C) fluid than the controls.
I 430 (moderate or severe PD was independently associated with higher levels of IL-13 and
Fitzsimmons et al. [122] PD), 509 (C) C-reactive protein.
2010 12 (CPD), 12 (G) IL-1p3 concentrations were higher in CPD than in the other groups.
Perozini et al. [96] ; IL-1p levels were positively correlated with PD, the volume of gingival
12 (C) .
fluid, and pocket depth.
Teles et al. [97] 20 (CPD) Clinical parameters (PD, BOP, vol GCE, R, and Sup) were positively
’ 20 (C) correlated with the levels of IL-15 and IL-8 in GCE
Teles et al. [98] 31 (PDagG) PDagG had higher average levels of IL-1. There was a tendency for
’ 25 (C) levels of IL-2 and IL-13 to be higher in PDagG.
40 (CPD): BP <4 mm; BP The total rate and concentration of IL-11 and IL-17 were lower in the
Ay et al. [123] >5mm ih
20 (C) group with BP >5 mm.
Bastos et al. [91] 14 (PDag) TNF-a concentrations were higher in PDag than in controls.
2009 13 (C)
o S11 (moderate or advanced There were higher levels of IL-15 and PCR in individuals with PD.
Fitzsimmons et al. [124] PD), .. . . .
562 (C) Clinical parameters were positively correlated with biomarker levels.
Pradeep et al. [71] 20 (CPD), 20 (G), 20 (C), 3 IL-18 levels increased according to the severity of periodontal disease,
p ’ individuals after treatment decreasing after the treatment.
Teles et al. [125] 74 (CPD) Mean salivary levels of IL-8 were positively correlated with probing
’ 44 (C) depth and the average percentage of sites with bleeding on probing.
Frodge et al. [92] 3359(53) Individuals with PD had higher levels of TNF-a.
. 30 (CPD) . . . .
Tobon-Arroyave et al. 18 (PDag) The salivary level of IL-1/3 did not differ between groups with
2008 [126] 18 ( C)g periodontitis, but it was higher than in the control group.
15 (PDagG), There were higher levels of IL-1f3 in sites with moderate or deep initial
Toker etal. [72] 15 (C) pocket than in the shallow pockets.
Yiicel et al. [84] 12 (CPD), 14 (G) IL-1$ and IL-12 concentrations in GCF were higher in CPD than in
14 (C) the control group.
2007 Tsai et al. [69] 17 (CPD) Nonsurglcal per?odontal treatment resulted in a decrease in IFN-y
and an increase in IL-4.
30 (PDagQ), . . . g
. The rate of TGF-f51 expression was higher in groups of individuals
2006 Giirkan et al. [127] 32 (CiD()é)ls G) with PDagG and CPD than in the control group.
. 20 (CPD) Individuals with CPD showed higher concentrations of IL-1/3 in the
2003 Nicolau etal. [99] 20 (C) gingival fluid compared with the controls.
Chronic pulpitis . Lo . o
2000 Guo et al. [128] Acute pulpitis Thercj were hlgher IL-8 C(.)ncentf‘a.tlons in teeth with acute pulpitis
than in those with chronic pulpitis.
Control
1997 Ishihara et al. [94] 7 (PD) IIj-lﬁ and IL-1a were associated with the severity of periodontal
2 (C) disease.
20 (PD) The average rate and concentration of IL-1o in GCF were higher in
1996 Mathur et al. [93] 20 (C) individuals with PD than in controls. The site status is the major

determinant of the cytokine levels in unhealthy sites.

Note 1. * Analysis in serum and saliva; **analysis in serum and biopsy specimens; *

*

*analysis in plasma; "analysis in GCF and biopsy specimens; Tanalysis

in GCF and serum. PD, periodontal disease; MMP, matrix metalloproteinases; GCF, gingival crevicular fluid; Note 2. CPD, chronic periodontitis; C,
control; PDagG, generalized aggressive periodontitis; PDag, aggressive periodontitis; CPDg, generalized chronic periodontitis; PDagL, localized aggressive
periodontitis; LPC, chronic apical periodontitis; RANTES, regulated on activation, normal T cell expressed and secreted; MIG, monokine induced by gamma
interferon; GP, periapical granuloma; G, gingivitis; RANKL, receptor activator of nuclear factor kappa-B ligand; BP, periodontal pocket; SG, gingival bleeding;
CR, radicular cyst; LP, periapical lesion; PIP, early onset periodontitis; EP, pulp exudates; BOP, bleeding on probing; R, recession; Sup, suppuration; PAA,

asymptomatic apical periodontitis; PA, periapical periodontitis.

the literature; however, its immunoregulatory mechanisms
remain unclear. Verhagen et al. [63], when assessing the
change of T-cell subsets in the occurrence of TIR and the
profile of secreted cytokines, observed a significant amount of
ThO cells with production of both IFN-y and IL-4. However,
individuals with T1R recurrence also showed a bias for Thl

with production of IFN-y. In both TIR and, mainly, T2R,
there is evidence of the involvement of IFN-y in cellular
processes [10, 26, 62, 64-66].

The balance between Thl and Th2 cells and the change in
the serum mediator and skin expression profiles (i.e., IFN-y,
TNF-a, IL-18, IL-6, and IL-4), in the occurrence of both T1R
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TABLE 3: Articles selected for the systematic review on leprosy reactions and presence of mediators in skin biopsy and/or serum (a) and leprosy
reaction, dental infection, and presence of cytokines (b) according to the publication year, authors, type of sample, and obtained results.

Year Authors N Results
(a) Leprosy reaction and presence of inflammatory mediators in skin biopsy specimens and/or serum
prosy p Y Psy Sp
31(L), 6 (TIR) Increased production of IL-4 in multibacillary forms can be
2013 Abdallah et al. [67] 6 (T2I,{) 43 ( C; responsible for the development of erythema nodosum
’ leprosum. IL-17 was lower in cases than in controls.
Serum IL-17 level increased during reactional states. There
2012 Chaitanya et al. [77] 809?(13) ’9%41 ((I"l\;gl), was higher elevation during TIR than during T2R and
’ nonreactional states.
Lockwood et al. [29] 299 (tissue) TNF-a and TGF-18 were detected in 78% and 94% of the
5011 ' samples, respectively, and were associated with T1R.
Levels of IFN-y, IL-1f3, and IL-10 were higher in T2R
Madan et al. [129 P P & ’
adan etal. [129] SLIL) 10 (R) whereas the TNF-« level was higher in TIR.
. Potential biomarkers for TIR (CXCL10 and IL-6) and T2R
Stefani et al. [40
2009 efani et al. [40] 20 (R), 19 (L) (IL-6, IL-7, and PDGF-BB) were identified.
94 (L), 5 (TIR) Levels of IFN-y were higher in TIR, whereas the T2R
Belgaumkar et al. [26] ] (’T 2R) ’ individuals showed higher levels of IL-6 compared to the
2007 nonreactional states.
Tyer et al. [130] 49 (R), 82 (L), IFN-y showed a greater association with the reactional states,
Y : 112 (NL) mainly for T2R.
. It was not possible to establish a relationship between the
Faber et al.” [131
2004 aber etal.” [131] 7 @) serum profile of cytokines and TIR.
2002 Teles et al. [39] 9 (TIR), 16 (T2R) TNF-a and IL-6 were detected in all individuals in a
' ’ reactional state.
Individuals with TIR and T2R had higher serum levels of
IFN-y, TNF-«, and IL-1f3 than those in a nonreactional state.
Moubasher et al. [64 L ’
1998 oubasher etal. [64] 55 (1), 35 (R) Higher levels of IFN-y and IL-6 were noted in TIR and T2R,
respectively.
(b) Leprosy reaction, dental infection, and presence of inflammatory mediators in serum
It was observed that 78.8% of individuals with leprosy and OI
presented erythema nodosum and 15.8% presented with a
19 (L and OI) reverse reaction. Seven days after dental treatment, the serum
2010 Motta et al. [12] 19 (L without O)I) levels of IL-1, IL-6, and IL-10 were significantly different

10 (C: NL and OI)

between the groups. The IL-6 and IL-10 levels in Group C
were higher than those in the group with L and OI. Clinical
improvement of the reactional episode was noted after dental
treatment in 68.4% (13/19) of individuals.

Note. *Nonsignificant result; L, leprosy; TIR, type 1 reaction; T2R, type 2 reaction; C, control; NL, nonleprosy; R, reaction; OI, oral infection; PDGF-BB,

platelet-derived growth factor two B (-BB) chain.

and T2R, seem to be closely related with the clinical spectrum
of the disease. Studies show that, in borderline tuberculoid
individuals with TIR, the infiltration of LT CD4+ observed in
skin and nerve lesions favored by the synergism between IFN-
y and TNF-a may possibly contribute to the exacerbated cell-
mediated response, resulting in the elimination of mycobac-
terial antigens and the development of tissue damage. On the
other hand, the immunosuppressive activity of IL-4 and IL-
10, the increase in IFN-y and TNF-«, and also the increase
in IL-B, and IL-6 observed in BL and LL individuals support
the evidence of a systemic inflammatory response in the
evolution of T2R [26, 61, 62, 64, 65, 67].

With regard to PDs, there is no consensus on the
immunological patterns involved in its pathophysiology. In
early/stable periodontal lesions (gingivitis), migration of
neutrophils of the junctional epithelium to the gingival sulcus

and activation of macrophages and T cells are observed, with
a predominance of TNF-«, IL-12, and IFN-y, suggesting a
cellular response against the pathogens with a Thl profile
and infection control. In advanced/progressive lesions (peri-
odontitis), there are similar proportions of cells with a Thl
profile expressing IFN-y and IL-2 and cells with a Th2 profile
expressing IL-4 and IL-6 as reported by Berglundh et al.
[68], with combined functioning of these cells in chronic
periodontitis. The recruitment of B lymphocytes and the
production of immunoglobulins strengthen the Th2 profile
signaling [22, 36, 60].

The IFN-y produced by Thl cells in the initial lesion may
contribute to infection control by increasing the phagocytic
activity of neutrophils and macrophages. When the pathogen
or its antigens persist in the dental biofilm, the lesion is not
contained.
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On reviewing studies that included biopsies, we found
that IFN-y was associated with generalized aggressive peri-
odontitis (PDagG) [50] as well as with advanced stages and
periodontal pockets up to 6 mm [43, 45, 57]. Recently, Yue et
al. [49] identified a positive correlation between the presence
of IFN-y in saliva and gingival crevicular fluid and the clinical
parameters of individuals with PDag. According to Lappin
et al. [60], this mediator is involved in the progression of
PD, with a decrease in its gingival crevicular fluid levels after
nonsurgical therapy [69].

Although the literature review revealed distinct method-
ologies and values for clinical measures that characterize PDs
(e.g., CPD, PDag, and severe and moderate periodontitis),
there are concordant results about the influence of dental
treatment on the pattern of inflammatory mediators [12, 69—
72].

Given the complex interrelation between inflammatory
mediators and immune system cells, studies have suggested
the participation of other cellular subtypes such as regulatory
T cells, Th3 cells (which have a immunosuppressant profile),
and Th17 cells (which have a proinflammatory profile) for
better understanding periodontal infections [35, 57, 73-76]
and the evolution of the infection in leprosy reactional states
(10, 62, 67, 77-79].

There is evidence that Th17 cells, once stimulated in PDs,
produce a variety of mediators such as IL-17 and TNF-q,
correlated to the formation of osteoclasts, bone resorption,
and loss of clinical attachment. This is associated with CPD
and PDag [47, 57, 58, 65, 70, 73-75].

In reactional episodes, IL-17 seems to be involved in the
development of T1R [77, 79].

4.3. TNF-« and IL-1f. As previously described, TNF-« and
IL-1B are produced by macrophages mainly activated by
lipopolysaccharides in the cell wall of gram-negative bacteria;
they are among the main mediators responsible for an acute
inflammatory response. These mediators participate in tissue
remodeling and bone resorption in addition to stimulat-
ing angiogenesis and promoting fibroblast activation. Both
mediators were identified in biopsy specimens and serum
of individuals with PD during the occurrence of reactional
episodes [12, 30, 39, 40, 64], whereas TNF-« was detected
in saliva and the gingival fluid of individuals with dental
infections [12, 40, 56, 80-84].

In dental infections, TNF-« was associated with periapi-
cal granulomas [85], radicular cysts [86], acute periapical
lesions [87, 88], and, mainly, PDs [42, 49, 50, 56, 70, 89-93].

On the one hand, high serum TNF-« levels were shown to
be associated with the extent and severity of disease [82, 94]
and with the clinical parameters of individuals with PDagG
and CPD [42, 49, 70, 90, 91, 95-99]; on the other hand,
Tokoro et al. [89] reported high serum TNF-a and IL-183
levels in gingivitis. Even after dental therapy, the TNF-« levels
remained high compared to the control group.

On studying the immune pattern in cases of leprosy
infection, Foss [61] found an increase in TNF-a production
associated with high levels of C-reactive protein, suggesting
that TNF-a was involved in the inflammatory reaction of
erythema nodosum.

Mediators of Inflammation

Elevated levels of TNF-«, IL-6, and IL-1f in serum and in
the lesions of patients with T2R seem to be associated with
the clinical manifestations of T2R [9, 100]. Motta et al. [12]
suggested that the systemic inflammatory effects triggered by
IL-1fin individuals with leprosy and dental infection can also
contribute to the triggering of erythema nodosum leprosum.
In this review, we found that TNF-« was associated with both
T1Rs and T2Rs [30, 39, 40, 64].

The dynamic interaction between the cells of innate
and adaptive immunity, the balance between Thl and Th2
lymphocyte subpopulations, and the presence of molecular
mediators and their receptors seem to determine the pattern
of the immunological response of PDs and leprosy reactions,
controlling or amplifying the inflammatory processes 26, 36,
70, 101].

Although most studies considered in this systematic
review have used the classification defined by the American
Academy of Periodontology, including gingivitis, CPD, and
PDag (localized or generalized), there were differences in the
definition of periodontitis, the criteria to establish the depth
of the periodontal pocket and the loss of clinical attachment,
and the age group of the participants. For example, 28% of
the articles described PD as soft, moderate, or severe. Further,
some studies had a small sample size for both PDs and leprosy
reactions.

According to Buduneli and Kinane [102], the depth of
the periodontal pocket and gingival bleeding after probing
are the most reliable parameters, not only for diagnosis, as
they are key indicators of periodontal tissue destruction, but
also for disease prognostication. Some authors suggest that
the heterogeneity in the definitions of periodontitis hinders
the comparison of results between studies [103, 104]. Based
on the literature analyzed, the need for longitudinal studies
with better standardization of the population presented and
a greater uniformity between techniques and experiments
becomes evident. The development of molecular and chemi-
cal biomarkers with predictive and prognostic value can help
in the early identification of patients at an increased risk of
periodontal or leprosy diseases.

In this regard, monitoring of treatment effectiveness
and the development of new instruments to monitor these
infections would decrease the incidence of neural injuries and
disabilities in individuals with leprosy and the early loss of
dental function.

In summary, regardless of the laboratory technique used
and the type of sample analyzed, the identified proinflam-
matory mediators involved in the immune pathologic pro-
cess of dental infections and leprosy reactions, particularly
IL-6 and TNF-«, were similar in the studies reviewed.
Specifically, for leprosy reactions and PDs, IFN-y and IL-
B-1 were significant. This pattern was reflected in serum,
and the presence of IFN-y and IL-18 was associated with
CPD.
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A case-control study was conducted on patients with chronic periodontitis (CP) and healthy controls with the aim of evaluating
possible association between interleukin 17A (ILI7A) G197A (rs2275913) and ILI7F T7488C (rs763780) polymorphisms and
periodontitis. Genotypes were determined by PCR-RFLP method. Statistical analyses were conducted using the OpenEpi and
SNPStas software to calculate Chi-square with Yates correction or Fisher’s exact tests, odds ratios (OR), and 95% confidence intervals
(CIs). SNPStas software was used to calculate Hardy-Weinberg equilibrium. ILI7A AA genotype was more frequent in patients with
chronic periodontitis (CP) in the codominant and recessive models (P = 0.09; OR = 2.53 and P = 0.03; OR = 2.46, resp.), the
females with CP (P = 0.01, OR = 4.34), Caucasoid patients with CP (P = 0.01, OR = 3.45), and nonsmoking Caucasian patients
with CP (P = 0.04, OR = 3.51). The ILI7A A allele was also more frequent in Caucasians with CP (P = 0.04, OR = 1.59). ILI7F
T7488C polymorphism was not associated with chronic periodontitis. In these patients from Southern Brazil, the ILI7A rs2275913

polymorphisms, ILI7A AA genotype, and the A allele were associated with a susceptibility to chronic periodontitis.

1. Introduction

Periodontitis is a chronic inflammatory disease that affects
the tooth supporting tissue and destroys alveolar bone. It is
the most frequent cause of tooth loss in the adult [1]. Epi-
demiologic studies suggest that up to 60% of the population is
affected by the common form of the disease, termed chronic
periodontitis (CP) [1, 2]. Periodontitis has been said to have
interaction with a number of common human diseases like
diabetes mellitus or rheumatoid arthritis. Epidemiological
data has confirmed that diabetes has been a major risk
factor for the onset of periodontitis and showed a clear
relationship between degree of hyperglycemia and severity
of periodontitis [3]. Other studies show that patients with
rheumatoid arthritis had a higher incidence of periodontitis
compared to healthy controls [4, 5], though the mechanism of

periodontitis that interacted with other diseases was not very
clear.

Periodontitis is a multifactorial disease and as such, the
significant elements include not only the presence of path-
ogenic bacteria and the immune mechanism, but also the
genetic predisposition [6]. From a pathophysiology perspec-
tive, periodontitis is the result of host-mediated inflamma-
tory damage of the supporting tissues triggered in response
to the microbial infection [7, 8]. More than 700 different
bacterial species have been shown to inhabit periodontal
biofilms [9] and some species are currently considered to be
causally associated with periodontitis; these include Gram-
negative species, such as anaerobic Porphyromonas gingivalis,
a principal pathogen in chronic periodontitis [10].

Specific cytokines are important in the pathogenic pro-
cess of the periodontitis [8, 11-13]. Interleukin-17 (IL-17) is a
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proinflammatory cytokine secreted by activated T cells [14].
The IL-17 family contains six members, IL-17A, IL-17B, IL-
17C, IL-17D, IL-17E (or IL-25), and IL-17F, and five receptors,
IL-17RA-RD and SEE. Interleukin-17A is most homologous
to IL-17F and the genes encoding them are proximally located
on chromosome 6pl2 [15]. The IL-17F activity is similar to IL-
17A but significantly weaker and is related to inducing the
expression of various cytokines, chemokines, matrix metal-
loproteinases, antimicrobial peptides, and adhesion mole-
cules by human fibroblasts, airway epithelial cells, and vein
endothelial cells [16].

Th17 cells were a distinct T lineage that do not share devel-
opmental pathways with either Thl or Th2 cells [17]. Th17 cells
have been linked to several autoimmune disorders and are
also linked to the development of pathological inflammatory
disorders. However Th17 cells are physiologically found in the
lamina propria of the intestine [17, 18]. Cytokines related with
Th17, such as IL-17 and IL-22, are crucial for host protection
against many extracellular pathogens. IL-17 stimulates the
production and expression of TNF-alpha and IL-1 beta by
human macrophages [19] and induces production of IL-1 beta
in osteoblasts [20]. Thus, IL-17 was found to contribute to
inflammatory bone pathology as in rheumatoid arthritis and
inflammatory bowel diseases and was centrally involved in
numerous autoimmune disorders [21-25].

IL-17 cytokine can stimulate fibroblasts, epithelial and
endothelial cells, to produce IL-6, CXCL8/IL-8, and pros-
taglandin E2 (PGE2) [26]. IL-17 also induces the expression of
receptor activator of nuclear factor kappa B ligand (RANKL)
on osteoblasts and stimulates the differentiation and acti-
vation of osteoclasts, which can influence bone resorp-
tion mediated by these cells [22]. Many studies have demon-
strated the presence of IL-17 in periodontal tissues, crevicular
gingival fluid, saliva, and plasma of patients with periodontal
disease [27-30].

In order to investigate whether IL17A and the ILI7F pol-
ymorphisms are associated with chronic periodontal dis-
ease and understand its immunopathogenesis, this study
aimed at evaluating the IL17A G197A (rs2275913) and ILI7F
T7488C (Hisl61Arg, rs763780) polymorphisms in patients
with chronic periodontitis and in a healthy group who had
undergone dental care in the North/Northwest of the state of
Parana, Southern Brazil.

2. Materials and Methods

2.1. Sample Selection. A total of 313 individuals were selected
from those who sought dental treatment in the dental clinics
of the Maringa State University (UEM) and Inga University
(UNINGA) from January 2012 to December 2014. After
taking patient’s medical records, clinical periodontal exami-
nations were conducted by two examiners. Clinical param-
eters of probing depth (PD) and clinical attachment level
(CAL) were examined at six sites (mesiovestibular, vestibular,
distovestibular, mesiolingual, lingual, and distolingual) of
each tooth, as was bleeding on probing (BOP).

After the periodontal examination, participants were
assigned to two different groups: the chronic periodontitis
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group (N = 140) composed of individuals who had at least
5 sites in different teeth with PD >5mm, CAL >3 mm, and
more than 25% of BOP and the control group (N = 173),
formed by individuals who did not have sites with reduced
CAL, displayed a PD of less than 4 mm, and exhibited less
than 25% of BOP. Both patients and controls were from the
North and Northwest regions of the state of Parana (between
22°29'30"-26°42'59"S and 48°02'24" -54°37'38" W), South-
ern Brazil, over 30 years of age, from all ethnic groups,
and with at least 20 teeth in the oral cavity. Information
on the patients ethnic background and smoking history
was obtained by interviewing the individual (anamnesis).
Exclusion criterions were patients and control subjects with
diabetes mellitus and acute infections and patients with
aggressive periodontitis and who had periodontal treatment
in the last 6 months.

All individuals who agreed to participate in this research
were informed about the nature of the study and signed
an informed consent form. This study was approved by the
Human Research Ethics Committee of the Maringa State
University (UEM: number 719/2011, 02/12/2011).

2.2. DNA Extraction. To extract the DNA, the buffy coat was
obtained from 4 mL of peripheral blood collected in EDTA
by centrifugation (210 g for 15 min). The DNA was extracted
using the salting-out method [31]. The concentration and
quality of the DNA were analyzed by optical density in a
Thermo Scientific Nanodrop 2000 apparatus (Wilmington,
USA).

2.3. Genotyping Analysis. Single nucleotide polymorphisms
(SNP) to ILIA GI97A (rs2275913) and ILI7F T7488C
(rs763780, Hisl61Arg) genotyping were performed by Poly-
merase Chain Reaction-Restriction Fragment Length Poly-
morphism (PCR-RFLP) [32] with some modifications. Prim-
er sequences for ILI7A G197A were sense 5 -AACAAG-
TAAGAATGAAAAGAGGACATGGT-3' and antisense 5'-
CCCCCAATGAGGTCATAGAAGAATC-3' and for ILI7F
T7488C were sense 5'-ACCAAGGCTGCTCTGTTTCT-3'
and antisense 5'-GGTAAGGAGTGGCATTTCTA-3'. PCR
amplification was performed in a total volume of 30 4L mix-
ture containing 100 ng genomic DNA, 1.0 uM of each primer,
200 uM of each ANTP, 2.0 mM of MgCl,, 3 uL 10x PCR buffer,
and 1.5U Taq DNA polymerase (Invitrogen Life Technolo-
gies, Grand Island, NY, USA). PCR products were digested
for one hour at 37°C with Xagl (Fermentas, Canada) for ILI7A
G197A and NlallI (New England Biolabs) for ILI7F T7488C
and then separated by electrophoresis on 3% agarose with
SYBR Green (Invitrogen Life Technologies, Grand Island, NY,
USA).

2.4. Statistical Analysis. Allele and genotype frequencies of
ILI7A G197A and ILIZF T7488C were obtained by direct
counts. The association between genetic polymorphisms and
chronic periodontitis was evaluated using the Chi-square test
with Yates correction or the Fisher’s exact test and the corre-
lation was deemed present by an odds ratio with 95% con-
fidence intervals only for significant P values. Adjusting the
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TaBLE 1: Characteristics of patients with chronic periodontitis (CP) and controls.
CP patients Controls p OR (95% CI)
1 (%) n (%)
N =140 N =173
Gender
Male 66 (47) 56 (32)
Female 74 (53) 117 (68)
Age
Mean + SD (year) 47.03 +9.21 45.61 +£9.18
Ethnic origin
Caucasian 84 (60) 118 (68)
Mixed 36 (26) 40 (23)
Black 18 (13) 15 (9)
Not declared 2(1) 0
Smoking
Nonsmokers 56 (40) 127 (73) <0.001 0.24 (0.149-0.39)
Smokers 33 (24) 20 (12) 0.008 2.78 (1.33-5.78)
Ex-smokers 51 (36) 26 (15) <0.001 3.24 (1.89-5.56)
Nonsmoker N =56 N =127
Gender
Male 20 (35.7) 33 (26.0)
Female 36 (64.28) 94 (74.0)
Age
Mean + SD (year) 46.5+9.3 455+99
Ethnic origin
Caucasian 36 (64.28) 86 (67.7)
Mixed 16 (28.6) 28 (22.0)
Black 3(5.4) 13 (10.3)
Not declared 1(1.8) 0

n: number; P = P value; OR: odds ratio; CI: confidence interval.

genotypic differences for the effect of age, gender, and smok-
ing status was applied. All tests were carried out using a signif-
icance level of 5%. For these analyses and calculating Hardy-
Weinberg equilibrium OpenEpi program Version 2.3.1 and
SNPStas software (http://bioinfo.iconcologia.net/index.php)
were used.

3. Results

Polymorphisms in the ILI7A GI97A (rs2275913) and ILI7F
T7488C (rs763780) were analyzed in 140 CP patients and 173
control subjects. Most participants were female (61.0%), Cau-
casian (64.5%), and nonsmokers (58.5%). The characteristics
of patient and control subjects are described in Table 1.

Differences were noted in smoking history when the
groups were compared, and to eliminate the smoking as a
confounding factor, all analyses were also done in the non-
smoker patients versus nonsmoker controls. There was no
significant difference with respect to gender, age, and ethnic
background distributions.

Genotype distribution of ILI7A G197A and IL17F T7488C
in CP patient and control groups was consistent with the

Hardy-Weinberg equilibrium (P > 0.05). The ILI7A and
ILI7F were not in linkage disequilibrium (P = 0.51).

The genotype and allele frequencies distributions are
summarized in Table 2. There were significant differences
in the codominant and recessive models for ILI7A AA
genotype between all CP patients and controls. No significant
difference was observed for ILI7F in the recessive, dominant,
and codominant models.

We analyzed ILI7A and ILI7F genotype and allele fre-
quencies in CP and controls after stratifying according to
gender and ethnic background. No significant difference
was observed for ILI7F polymorphism after stratification.
However ILI7A AA genotype was more frequent in female
CP patients (16.2% versus 4.3%, P = 0.01, OR = 4.34, and
95% CI:1.46-12.87) (Table 3). ILI7A AA genotype and A allele
were more frequent in Caucasoid CP patients than in controls
(17.8% versus 5.9%, P = 0.01, OR = 3.45, and 95% CI: 1.34-
8.88, and 38.7% versus 28.4%, P = 0.04, OR = 1.59, and
95% CI:1.05-2.42, resp.). Difference was also found for IL17A
AA genotype that was more frequent in the Caucasian and
nonsmoking CP patients than in the Caucasian nonsmoking
controls (22.2% versus 8.1%, P = 0.048, OR = 3.51, and 95%
CI: 1.17-10.55) (Table 4).



TABLE 2: Genotypes and allele distribution of ILI7A rs2275913
and ILI7F rs763780 in the patients with chronic periodontitis and
controls from Southern Brazil.

All subjects Nonsmokers
G Patients ~ Controls Patients  Controls
enotype
N=140 N=173 N=56 N =127
n (%) n (%) n (%) n (%)
rs2275913

GG 67 (479) 87 (50.3) Ref. 25(44.6) 61(48.0) Ref.

AA 18(129) 12(70) * 9(61) 10(79)
AG 55(39.2) 74 (42.7) 22(39.3) 56 (44.1)
AA/AG 73(521) 86 (49.7) 31(55.4) 66 (52.0)
GG/AG 122(871) 99 (57.2) 47 (83.9) 117 (92.1)
Allele

A 91(32.5) 98(28.3) 40 (35.7) 76 (30.0)
G 189 (67.5) 248 (71.7) 72 (64.3) 178 (70.0)
15763780

TT 125 (89.3) 158 (91.3) Ref. 49 (875) 116 (91.3) Ref.
cC 1(0.7) 0 1(1.8) 0

TC 14 (10.0)  15(8.7) 6(10.7) 11(8.7)
CC/TC 15(10.7) 15(8.7) 7(92.9) 11(8.7)
TT/TC 139 (99.3) 173 (100) 55(98.2) 127 (100)
Allele

T 264 (94.3) 331(95.7) 104 (92.9) 243 (95.7)
C 16 (5.7)  15(4.3) 8(71)  11(4.3)

*Codominant model: P = 0.09; OR = 2.53; 95% CI = 1.07-5.99; recessive
model: P = 0.03; OR = 2.46; 95% CI = 1.08-5.59.

TABLE 3: ILI7A genotype and allele frequencies in chronic periodon-
titis Brazilian patients and controls stratified according to gender” in
the total samples and nonsmoking individuals.

ILI7A r$2275913 CP patients Controls
n (%) 1 (%)
Genotype N =74 N =117
GG 36 (48.7) 63 (53.8)
AA* 12 (16.2) 5(4.3)
Female GA 26 (35.1) 49 (41.9)
Allele
A 50 (33.8) 59 (25.2)
G 98 (66.2) 175 (74.8)
Genotype N=14 N =33
GG 6 (42.9) 11 (33.3)
Nonsmoker AA 2 (14.2) 5(15.2)
female GA 6 (42.9) 17 (51.5)
Allele
A 10 (35.7) 27 (40.9)
G 18 (64.3) 39 (59.1)

CP: chronic periodontitis; *only significant differences were showed; ** P =
0.01, OR = 4.34, and 95% CI: 1.46-12.87.
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4. Discussion

In this study we investigated a possible role of ILI7A and ILI7F
polymorphisms in immunopathogenic mechanism for CP in
a Southern Brazilian population. We observed that the ILI7A
197AA genotype was more frequent in patients with chronic
periodontitis (CP), females with CP, and the Caucasian and
nonsmoking Caucasian patients with CP than in respective
controls, and this could be correlated to the risk of disease.
The IL17F T7488C polymorphism was not associated with CP
risk in this population.

In a case-control study, pairing between study subjects
is necessary in order to avoid bias in the final results. CP
can be related to individual risk factors such as stress, dia-
betes, osteoporosis, and arthritis [3-5, 33-37] and, in this
studied population, they were considered confounding fac-
tors and were an exclusion criterion. On the other hand,
smoking habits, also a predisposition factor with oral diseases
and especially in the chronic periodontitis [38-41], were
more frequent in CP patients (smoker + ex-smoker: 60%
versus 40%; P < 0.001, OR = 4.12, and 95% CI: 2.56-6.69);
thus, to exclude smoking as a predisposing factor, statistical
analyses were performed in all the individuals as well as in
the nonsmokers CP versus nonsmokers in control group,
and stratifying by smoking habits was not considered. Some
studies alert that gender can be a confounding factor to
periodontitis [42] although others showed the higher fre-
quency in male was principally related to personal hygiene
habits [43]; furthermore, it was revealed that there was no
meaningful relation to the role of IL-17 polymorphism in
men and in women when compared to each other [44].
With regard to ethnic background, the distributions of
patients and controls were similar: this is important because
ILI7A and ILI7F alleles and genotypes differ in different
populations (http://www.snpedia.com/index.php/Rs2275913
and /Rs763780) and Brazilians are an admixed population.
Although ethnicity was not a confounding variable, the anal-
yses were done after stratification by the Caucasian, Black,
and mixed population.

In the present report ILI7F was not associated with per-
iodontal disease in all the patients nor in nonsmoking
patients and controls who were investigated in the recessive,
dominant, and codominant models. However, ILI7A 197AA
genotype was more frequent in CP patients, in female
patients, and in the Caucasian CP patients as well as in the
nonsmoking Caucasian patients with CP. Furthermore, ILI7A
197A allele was also more frequent in Caucasians with CP.
These results suggest that ILI7A 197AA genotype and A
allele could be related to higher risk for the development
of chronic periodontitis. In our Caucasian group with CP
the ILI7A 197G allele was less frequent and could be a
resistant factor. The polymorphism in the promoter region of
cytokines may be related to higher expression of the specific
cytokine. According to Espinoza et al. [45] the ILI7A 197A
allele correlates to more efficient IL-17 secretion and higher
affinity for the nuclear factor of activated T cells (NFAT),
which is a critical regulator of the IL17 promoter gene [46].

The ILI7A 197AA genotype was associated with tumori-
genesis susceptibility as in gastric cancer [47, 48], breast



Mediators of Inflammation

TABLE 4: ILI7A genotype and allele frequencies in chronic periodontitis Brazilian patients and controls stratified according to ethnic group”.

CP patients

Controls

IL17A rs2275913 (%) (%) P OR (95% CI)
Genotype N =84 N =118
GG 34 (40.5) 58 (49.2)
AA 15 (17.8) 7 (5.9) 0.01 3.45 (1.34-8.88)
Caucasian GA 35 (41.7) 53 (44.9)
Allele
A 65 (38.7) 67 (28.4) 0.04 1.59 (1.05-2.42)
G 103 (61.3) 169 (71.6) 0.04 0.63 (0.41-0.96)
Genotype N =36 N =386
GG 15 (41.7) 41 (477)
AA 8 (22.2) 7 (8.1) 0.048 3.51 (1.17-10.55)
Nonsmoker Caucasian GA 13 (36.1) 38 (44.2)
Allele
A 29 (40.3) 52 (30.2)
G 43 (59.7) 120 (69.8)

CP: chronic periodontitis; *only significant differences were showed.

cancer [49], and cervical cancer [50], as well as autoimmunity
diseases such as ulcerative colitis [51, 52] and rheumatoid
arthritis [53]. As for periodontitis diseases, only two previous
studies in the Brazilian patients were reported. Corréa et al.
[54] showed similar results to our study: ILIZA 197AA
genotype and A allele were associated with worse clinical
and inflammatory periodontal parameters. Saraiva et al. [55]
conducted another study on chronic periodontitis in Brazil
and severe periodontitis patients with the aim of investigating
the phenotypic expression of ILI7A and the polymorphisms
of IL17A and IL17F within different clinical forms and severity
of the disease. However, differently to our and Corréa et al’s
results [54], their data suggested that the IL-17 and ILI7A A
allele were associated with the absence of periodontal disease,
and the IL17A GG genotype and G allele were associated with
risk factors.

According to the distribution of ILI7A genotypes fre-
quencies in our control group, ILI7A AA was 7.0%, ILI7A AG
was 42.7%, and IL17A GG was 50.3%, similar to those in the
study conducted by Saraiva et al. [55] which were 10% for AA,
44% for AG, and 46% for GG but very different from those of
Corréa et al. [54] which were 25.9% for AA, 14.81% for AG,
and 59.26% for GG.

The ILI7F T7488C polymorphism was not associated with
chronic periodontitis in this study. This result was similar
to Corréa et al. [54] and Saraiva et al. [55] in CP Brazilian
patients. ILI7F has been associated with several diseases
like asthma, Crohn’s disease, multiple sclerosis, inflammatory
bowel disease, autoimmune thyroid diseases, tuberculosis,
and dilated cardiomyopathy as well as a high risk of recurrent
pregnancy loss [51, 56-61]. According to the literature, the IL-
17F activity is similar to IL-17A but significantly weaker, and
the variant form of IL-17 protein (His121Arg) suppresses the
expression and the activity of wild type [16, 62].

According to the ILI7F genotype frequency distribution
in our control group, we had 8.7% for ILI7F TC and 91.3% for
ILI7F T'T; the ILI7F CC genotype was absent in our control

population. Again, it was similar to the study conducted by
Saraiva et al. [55] which found 6.4% for TC and 93.6% for TT
and did not find the ILI7F CC genotype. However, the distri-
bution of genotype frequencies found by Corréa et al. [54] was
also very different: they found 16.66% for ILI7F TC, 56.66%
for ILI7F TT, and 23.33% for ILI7F CC in their Brazilian
control group. The distribution of genotype frequency in our
populations was consistent with a low frequency of polymor-
phic genotype of ILI7F T7488C found in other populations
(http://www.snpedia.com/index.php/Rs763780).

CP progression was related to a host inflammatory
response that mediates tissue damage, and several previous
studies had been relating immune genetic factors to CP dis-
ease, especially cytokines genes polymorphism [63-69]. The
IL-17, a proinflammatory cytokine, was detected in periodon-
tal tissues, crevicular gingival fluid, saliva, and plasma of
patients with periodontal disease [27-30, 70]. IL-17, especially
when combined with IFN-gamma, may have a role in
immune modulation through stimulation of human gingival
fibroblasts in periodontal disease [71]. This occurs by trigger-
ing the release of other proinflammatory, metalloproteinase,
and neutrophil-mobilizing cytokines [47, 49, 51, 72] and
having effects on osteoclasts maturity as a stimulating factor
[73, 74]. IL-17A and IL-17F have a very similar amino acid
sequence and both play similar functions and have the ability
to induce chemokines which is crucial to the neutrophil
recruitment and activation [75], the first wall in the peri-
odontal diseases. Thus, understanding IL17 polymorphism is
necessary in order to infer the role of IL-17 in the CP immu-
nopathogenesis.

In these Southern Brazilian patients, the ILI7A rs2275913
polymorphisms, AA genotype, and A allele were associated
with a susceptibility to chronic periodontitis disease, in
females with CP, and in the Caucasian and nonsmoking Cau-
casian patients. Furthermore, the possible immunopatho-
genic mechanism would be investigated in the future through
histological studies.



5. Conclusion

In conclusion we can infer that ILIZA GI197A rs2275913
polymorphism, ILI7A AA genotype, and A allele could be
associated with a susceptibility to chronic periodontitis but
no evidence showed for risk or protection associations for
ILI7F T7488C rs763780. Additional studies are necessary
for understanding the functional role of rs2275913 polymor-
phisms in chronic periodontitis.
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Oral cavity that harbors diverse bacterial populations could also act as a site of origin for spread of pathogenic microorganisms to
different body sites, particularly in immunocompromised hosts, patients, the elderly, or the underprivileged. A number of recent
publications have advocated that patients with periodontal diseases are more susceptible to metabolic endotoxemia, inflammation,
obesity, type 2 diabetes, and other related systemic complications, concluding that periodontal diseases could be a potential
contributing risk factor for a wide array of clinically important systemic diseases. However, despite a significant increase in the
prevalence of periodontal infections and systemic diseases in the past few decades, the fundamental biological mechanisms of
connection between these ailments are still not fully explicated. Consequently, the mechanisms by which this bidirectional damage
occurs are being explored with a concentric vision to develop strategies that could prevent or control the complications of these
ailments. This paper attempts to summarize and hypothesize the diverse mechanisms that hint to a certain connection between the

two prevalent chronic situations.

1. Introduction

Periodontitis is a multifactorial disease with numerous
systemic or local risk factors playing a part in its clini-
cal sequences. Periodontal diseases are influenced by var-
ious risk factors including ageing, smoking, oral hygiene,
socioeconomic status, genetics, race, gender, psychosocial
stress, osteopenia, osteoporosis, and other medical condi-
tions including obesity and type 2 diabetes mellitus (T2DM)
[1, 2], signifying that periodontitis does not occur merely as
a consequence of plaque accretion but is also coupled with
various host factors which could alter the consequence of
the plaque on a particular individual. Recent findings have
suggested that chronic low-grade inflammation is directly
involved not only in the pathogenesis of obesity, diabetes,
and their complications but also in the pathogenesis of
periodontal diseases [3, 4], where cytokines play a central
role in the host’s responses to the periodontal biofilms. A
number of diverse studies have indicated that periodontal
diseases may also be associated with a wide array of systemic

diseases and conditions (Figure 1). The primary putative facts
that support the biological connection between periodontitis
and systemic diseases are (a) usual implication of infection
in the pathogenesis of both diseases, (b) transient and low-
grade bacteremia and endotoxemia caused by periodontal
diseases, (c) systemic immune responses and inflammation
triggered by periodontal diseases, (d) expression of viru-
lence factors by periodontal pathogens, and (e) presence of
periodontal pathogens in nonoral tissues like atheromatous
plaques [5-7]. Although the detailed mechanisms underlying
this association are still unclear, available reports evidently
demonstrate a bidirectional link between the mechanism of
periodontal diseases and systemic/metabolic diseases where
both conditions could aggravate each other [1, 8, 9].

2. Periodontitis and Obesity/Diabetes:
The Two-Way Complication

Most of the mechanisms that support the influence of obe-
sity and/or T2DM on periodontium generally share similar
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characteristics with those implicated in the typical compli-
cations of the diabetes [10]. For instance, in T2DM patients,
hyperglycemia leads to a higher deposition of advanced
glycation end products (AGEs) in tissues where these AGEs
bind to the neutrophils and impair their normal functions.
Further, these AGEs may also activate several unsought cell-
surface receptors (RAGEs) which may alter the macrophages
to a destructive phenotype. Both of these situations aggravate
an uncontrolled production of proinflammatory cytokines
and eventually lead to an increased vascular permeability,
collagen fiber breakdown, and destruction of connective
tissues and bones through increased lipid peroxidation and
raised levels of IgA, IgG, and so forth, thereby making the
diabetic patients more prone to periodontitis (Figure 2). Like-
wise, in patients with periodontal infections, the penetration
of pathogen(s) (mainly Porphyromonas gingivalis, Prevotella
intermedia, Tannerella forsythia, Treponema denticola, and
Aggregatibacter actinomycetemcomitans) or their products in
lamina propria may lead to endotoxemia and a state of
systemic chronic inflammation through the leakage of endo-
toxins such as lipopolysaccharides (LPS) into the serum. This
hyperinflammation may further affect the expression and
functioning of important immunoinflammatory molecules
such as IL-1B3, IL-6, TNF-«, PGE2, IL-8, IL-12, and IL-18,
thereby contributing to insulin resistance and an altered lipid
and glucose metabolism [11]. Eventually, the functioning of
various tissues and cells such as adipocytes, hepatocytes,
and endothelial and muscle cells may get impaired, thereby
leading to more chronic metabolic states, that is, obesity,
T2DM, and so forth in these periodontitis patients (Figure 2).

Since periodontal diseases are infectious diseases, ear-
lier studies emphasized primarily the possible variations in
subgingival microflora of patients with and without T2DM.
However, the findings of altered functions of neutrophils,
monocytes, and macrophages in people with T2DM gradu-
ally shifted the research focus towards possible discrepancies
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in the immunoinflammatory responses between people with
and without T2DM [10]. Impaired adherence, chemotaxis,
and phagocytosis capacities of neutrophils (the first line
of host defense) may avoid the destruction of bacteria in
the periodontal cavity and lead to an increased periodontal
damage. Since altered wound healing is another frequent
problem suffered by people with T2DM, distorted peri-
odontal wound healing responses to persistent microbial
encounters in patients with persistent hyperglycemia may
also contribute to an increased bone and attachment loss.
Given that the inflammatory cells such as monocytes and
macrophages harbor receptors for AGEs, the accumulation of
AGEs in T2DM patients may also intensify the proinflamma-
tory responses to periodontal pathogens. Further, the inter-
actions between AGEs and their receptors on inflammatory
cells could stimulate hyperproduction of proinflammatory
cytokines such as IL-1f3 and TNF-a, consequently increasing
the risk or occurrence of periodontal diseases in T2DM
patients (Figure 2).

Patients with inflammatory periodontal diseases usually
have higher serum levels of proinflammatory cytokines
[12]. Since the hyperinflammatory immune cells could
intensify the production of proinflammatory cytokines in
T2DM patients, this could also increase the insulin resis-
tance and complicate the control of diabetes. Nonetheless,
hyperglycemia and AGEs are only a few of the numerous
potential factors that are implicated in the complications of
obesity/T2DM as well as in the pathophysiology of peri-
odontitis in people with the diabetes [4]. Polymorphonu-
clear leukocytes and alterations in the collagen metabolism
could be another possible reason for higher predisposition
of T2DM patients towards periodontal diseases. The for-
mation of AGEs may influence the collagen stability and
vascular integrity and could also aggregate macrophage and
monocyte receptors, thereby aggravating the susceptibility
to periodontitis through the stimulation of IL-1 and TNF-
« [13] (Figure 2). These inflammatory cytokines are known
to stimulate the insulin resistance and several other chronic
inflammatory complications including periodontitis [14].
Moreover, the fact that TNF-« and IL-6 are produced in the
adipose tissues could also support the shared link between
obesity, T2DM, and periodontitis [15].

3. Periodontitis and Obesity/Diabetes:
Underlying Mechanisms

The principal mechanisms that link oral infection with
systemic diseases are (a) metastatic spread of infection from
the oral cavity as a consequence of transient bacteremia, (b)
metastatic spread of cellular injuries because of the circu-
lation of oral bacterial toxins, and (c) metastatic spread of
inflammation through the immunological injuries triggered
by oral bacteria [16]. The association between periodontal
diseases and systemic inflammation is also supported by the
observation that the chronic inflammation is a significant
factor in the fundamental pathophysiology of both of these
ailments and that the local/systemic variations triggered by
periodontitis may also lead to a chronic inflammatory state
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that can increase the susceptibility to metabolic syndromes
[11] (Figure 2).

Given that the adipose tissue, particularly the white adi-
pose tissue (WAT), acts as a main endocrine organ secreting
a number of bioactive substances such as adipocytokines,
TNF-«, leptin, adiponectin, and resistin, it can also affect
the periodontal response or can also be affected during
periodontal infections [12]. For instance, a negative cor-
relation of the degree of periodontal damage with leptin
concentration in gingival crevicular fluid of periodontitis
patients and a positive correlation with leptin concentration
in the serum indicate a negative correlation of gingival
crevicular leptin concentration and a positive correlation of
serum leptin during the progression of clinical attachment
level [17]. Since the gingival inflammation could also cause
vasodilatation, it may also increase the serum levels of leptin
which would further act as a defense mechanism of the body
to battle the periodontal inflammation [18]. The serum levels
of resistin have also been observed to be elevated in people
with periodontitis, indicating that it may also play a role
in periodontitis [19]. It has been observed that in patients
with periodontitis and T2DM, effective glycemic control may
improve bleeding on probe lesions by improving the inflam-
mation at gingival sites of periodontal tissues [20], while
the treatment of periodontitis with topical antibiotics may
ameliorate the periodontal status and glycemic control with
an elevation of serum adiponectin and reduced HbAlc [21].

Because of the predominated role of gram-negative
anaerobic bacteria in periodontal infections, the ulcerated

pocket epithelium turns into a chronic source of systemic
challenge from bacteria, bacterial products, and locally pro-
duced inflammatory mediators. Further, as a consequence
of the high vascularity, the inflamed periodontium may
act as an endocrine-like source of inflammatory mediators
(such as TNF-«, IL-6, and IL-1) which are significant in
periodontal inflammation and may also influence glucose
and lipid metabolism [22] (Figure 2). In view of the fact that
osteoblasts, which are involved in bone turnover, also express
Toll-like receptors- (TLRs-) 1, 4, 5, 6, and 9, while osteoclasts
express TLRs-1,2,3,4,5, 6,7 8, and 9 [23, 24], it is also likely
that the TLRs signaling within the alveolar bone may cause
an inflammatory response to invading pathogens, and this
initiation of a cascade of proinflammatory cytokines within
the alveolar bone could lead to a pathological resorption of
bone through excessive or extended production of osteolytic
host molecules such as IL-1, TNF-a, and prostaglandin E2
(PGE2) which may further stimulate the osteoblast inhibition
and osteoclast activation through the receptor activator of
nuclear factor kappa-f (NFk-f3) ligand.

Since the serum levels of total cholesterol, low-density
lipoprotein cholesterol, and triglycerides have been observed
to be higher in periodontal patients, periodontitis may also
be a risk factor for hyperlipidemia [25]. The hyperactivity
of white blood cells which is caused by the hyperlipidemia
may also increase the production of oxygen radicals that are
often linked with the development of periodontitis, and this
decline in the antioxidant ability in periodontitis patients
could also trigger the development of insulin resistance [18].



Such variations in the phenotype of immune cells due to
the elevated levels of lipids and serum proinflammatory
cytokines in chronic periodontitis may also support the two-
way correlation between the two diseases [26] (Figure 2).
However, it still remains to be fully revealed if (and how)
periodontitis provokes the higher lipid levels or higher lipid
levels influence the periodontitis.

4. Periodontal Infections and
Other Systemic Diseases

There has been a significant interest in the possible asso-
ciation between oral and systemic diseases in the past few
decades [27-29], especially after the case-control study by
Mattila et al. [30] who noticed a significant association
between poor dental health and acute myocardial infarction
in the patients, as compared to control subjects. Subsequently,
various epidemiological studies have investigated and sup-
ported a causal association of periodontitis with several clin-
ical systemic diseases, including cardiovascular disease [31,
32], diabetes [33], respiratory disease [34], adverse pregnancy
outcomes [35], Alzheimer’s disease [36], pancreatic cancer
[37], and cerebral infarction [38]. In addition to the chronic
inflammation triggered in response to the oral pathogens,
periodontal infection may also result in tooth loss, oral pain,
poor mastication, and several nutritional defects and may
also be expected to be related with Alzheimer’s disease and
dementia [39-41]. Decreased mastication due to oral pain
and tooth loss could also result in reduced acetylcholine
synthesis which may cause several learning and memory
problems [42]. In addition to the incidences of hypertension
and diabetes mellitus, the number of lost teeth has also been
found to be higher in patients with silent infarctions and
cerebral white matter changes, as compared to healthy group,
thereby hinting that periodontal infections may also be a
predictor of stroke and cognitive impairment [43].

Although the precise role and underlying mechanisms
of periodontal infections in the pathology of systemic
diseases still remain to be completely established, several
hypotheses have been proposed based on the findings of
various clinical and epidemiological investigations (Figure 3)
[5, 44-46]. The primary factor includes the shared risk
factors among oral infection and systemic diseases, such as
genetic or environmental factors including age, smoking,
lifestyle, and socioeconomic status. Another mechanism is
the systemic inflammation against the local infection or
circulating bacteria and associated higher levels of circulating
inflammatory biomarkers which could play a contributing
role in systemic disease. Also, the significant role of infec-
tion and inflammation in diseases such as atherosclerosis,
cardiovascular disease (CVD), and coronary heart disease
(CHD) also underscores the possible etiological role of
periodontal infections in these diseases [28, 30, 47-50]. The
pathogens from periodontal pockets may also enter into the
connective tissues, endothelial cells, and the bloodstream and
thus could lead to the formation of thrombus by platelet
aggregation degrading collagen [51-53]. Chronic periodontal
infections can contribute to atherogenesis either directly
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by triggering the platelet aggregation and invasion causing
damage to endothelial cells or indirectly by stimulating the
synthesis of intracellular adhesion molecules and production
of antibodies against bacterial LPS thereby causing a discrep-
ancy of the immune system [54, 55]. Moreover, P. gingivalis
and A. actinomycetemcomitans have also been detected in
atheromatous plaques of CVD patients, indicating a con-
nection between periodontal infections and the formation
of atherogenic lesions [56-59]. A recent systematic meta-
analysis of epidemiologic literature has also suggested that
periodontal infection could be an independent risk factor for
CHD (although relatively weak) and that various measures of
periodontal infections could explicate 30% increase in risk of
CHD [60].

4.1. Periodontitis and Fatty Liver. In addition to insulin
resistance, obesity, diabetes, and oxidative stress, periodontal
diseases may also be implicated in the pathogenesis of
nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH). Since periodontal pathogens, their
endotoxins, and/or cytokines released from the organisms
could invade into the blood circulation and cause bacteremia,
endotoxemia, and inflammation, such periodontal infections
may also be implicated as an independent risk factor for
NAFLD/NASH. For instance, the incidences of P. gingivalis
infection have been found to be significantly higher in
NAFLD patients as compared to healthy subjects [61], hinting
at the involvement of P. gingivalis infection in the onset of
NAFLD. Further, observation of alower serum albumin levels
in P gingivalis-positive NASH/NAFLD patients indicates
that P. gingivalis infection may lead to a decreased liver
function thereby progressing to the pathogenesis for NAFL or
NASH. Interestingly, periodontal treatment has been found
to improve the liver functional parameters such as serum
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aspartate aminotransferase and alanine aminotransaminase
in NAFLD patients, again signifying the fact that P. gin-
givalis-positive periodontitis may be a risk factor for the
progression of NAFLD. Since P. gingivalis virulence strains
could release LPS and TNF-g, its infection may lead to the
inflammation of other systemic organs, besides the local
gingiva. P. gingivalis may also enter into the blood circulation
from the gingiva after widespread periodontal processes
such as chewing, tooth-brushing, subgingival irrigation, and
dental extractions again supporting the hypotheses that P.
gingivalis or other similar periodontal infections may also be
an infrequent risk factor for the progression of NAFLD or
NASH [62].

4.2. Periodontal Disease and Respiratory Infections. Poor oral
health may also predispose the host to respiratory diseases,
particularly in high-risk patients such as residential nursing
patients, hospitalized patients, elderly, smokers, and the
underprivileged. In periodontal infections, the aspiration or
hematogenous spread of bacteria from the oropharynx into
the lower respiratory tract and the consequent infection of
respiratory ducts can easily cause respiratory infections such
as pneumonia and chronic obstructive pulmonary diseases
[63, 64] (Figure 4). Since the oral cavity is adjacent to the
trachea, it could be an easy entrance for the immigration and
colonization of respiratory pathogen. Respiratory pathogens
may infrequently populate dental plaques and may also be
aspirated/inhaled from the oropharynx into the upper airway
and then the lower airway where they may adhere to the
alveolar and bronchial epithelium [65-67]. In periodontal
patients, one mm’ of dental plaque may contain about 10°
bacteria and hence could serve as a persistent pool for

potential oral/respiratory pathogens which could be shed
into the saliva and aspirated into the lower respiratory tract
and the lungs to cause infection [68] (Figure 4). Further,
the cytokines and enzymes induced from the inflamed peri-
odontal tissues may also relocate into the lungs and trigger
local inflammatory processes and lung infections [34]. Also,
in periodontal diseases, poor oral hygiene may result in a
higher concentration of oral pathogens in the saliva, and
these pathogens may be aspirated into the lung overcoming
the immune defenses and assist the pulmonary pathogens in
inhabiting the upper airways. Generally, in healthy scenarios,
the respiratory tract is capable of defending against aspirated
bacteria. However, in periodontal diseases, the disturbed
oral hygiene, reduced salivary flow, decreased cough reflex,
dysphagia, and other disabilities can predispose the patients
to a high risk for pulmonary infections [69-74].

4.3. Periodontal Diseases and Cancer(s). A number of clinical
and epidemiological studies have observed higher risks of
oral, gastrointestinal, lung, and pancreatic cancers in subjects
with periodontal disease, thereby linking oral bacteria with
the etiology of these cancers. In addition to tobacco and
alcohol consumption, a poor oral hygiene could also be a
possible risk factor for oral cancers [75, 76]. Several case-
control studies have found tooth loss to be associated with
a higher oral cancer risk [77, 78], indicating that tooth
loss may contribute to oral cancers either by promoting the
initiated tumors or by some other complex mechanism(s).
Several reports have also suggested that oral bacteria could
contribute to the cancers of upper gastrointestinal tract
including aerodigestive tract, esophagus, and stomach, pos-
sibly through the similar inflammatory mechanisms as that



of Helicobacter pylori [79-82]. However, available evidences
are inadequate, and hence further studies are awaited to
validate a definite association between periodontal diseases
and gastrointestinal cancers.

4.4. Periodontal Diseases and Adverse Pregnancy Outcomes.
Approximately half of the perinatal deaths or congenital
neurological deficits are caused as a result of premature births
[83]. Incidences of intrauterine infection and inflammation
are known to be a significant contributor to majority of
the preterm deliveries [83]. Several studies have speculated
that periodontal diseases (besides appendicitis, pneumonia,
or other remote infections) may also trigger preterm labor,
prematurity, and low birth-weight, primarily through (a) the
possible hematogenous invasion of oral pathogens and/or
their metabolites/toxins, (b) circulation of the inflamma-
tion by-products through the bloodstream, and (c) subse-
quent maternal/fetal immune responses against the invad-
ing pathogens, toxins, inflammatory inducers, and so forth
[84-89]. Several clinical and observational investigations,
however, have failed to observe any significant association
between periodontal disease and the occurrence of preterm
births or low-birth weight, and hence more investigations are
requisite to resolve this paradox [90-93].

5. Periodontal Diseases and Overall Health:
The Nonclinical Links

In addition to the various clinical, immunological, or molec-
ular mechanisms that link periodontal infection with the
systemic health, periodontal diseases may also have an
indirect effect on the overall health status of the patient
which could further exaggerate the health complications.
Since periodontal disease leads to oral pain and teeth loss, it
may result in poor mastication, less appetite, and less food
intake which can cause nutritional deprivations. The oral
pain may also cause sleep deprivation, thereby causing an
upset behavior and hypertension. Bad breath and oral pain
may also negatively affect the social routine of the patient
and reduce the social and physical activities of the patient.
The high cost of treatment regimen may also disturb the
socioeconomic status of the patient. All these factors such
as oral pain, teeth loss, bad breath, deprived nutrition and
sleep, reduced physical and social activities, and depression
may altogether make the patient more vulnerable to low self-
esteem, hypersensitivity, and weakened immune system and
hence may adversely affect the overall health.

6. Concluding Remarks

Although the recent evidences have supported the role
of periodontal infection and consequent inflammation in
diseases such as obesity, type 2 diabetes, cardiovascular dis-
ease, and gastrointestinal and pancreatic cancers, the precise
etiological role of periodontal infections still needs to be
deciphered completely. Yet, the available literature is sufficient
to establish that the periodontal diseases may be a significant
risk factor for various systemic disorders, and hence future

Mediators of Inflammation

studies are anticipated to elucidate the mechanisms through
which the periodontal diseases and systemic diseases affect
each other. Nevertheless, it is only after the precise under-
standing of these diseases that the attention could be shifted
from the treatment of these ailments to their prevention for a
healthier socioclinical scenario.
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Human leukocyte antigens (HLA) have a pivotal role in immune response and may be involved in antigen recognition of periodontal
pathogens. However, the associations of HLA with chronic periodontitis (CP) have not been previously studied in the Brazilian
population. In an attempt to clarify the issue of genetic predisposition to CP, we examined the distribution of HLA alleles, genotypes,
and haplotypes in patients from Southern Brazil. One hundred and eight CP patients and 151 healthy and unrelated controls with
age-, gender-, and ethnicity-matched were HLA investigated by polymerase chain reaction with sequence specific oligonucleotides.
To exclude smoking as a predisposing factor, statistical analyses were performed in the total sample and in nonsmoking individuals.
The significant results showed a positive association of the A*02/HLA-B*40 haplotype with CP (total samples: 4.2% versus 0%, P.
= 0.03; nonsmokers: 4.3% versus 0%, P. = 0.23) and a lower frequency of HLA-B*15/HLA-DRBI1"11 haplotype in CP compared
to controls (total samples: 0.0% versus 4.3%, P, = 0.04; nonsmokers: 0 versus 5.1%, P, = 1.0). In conclusion, the HLA-A"02/B*40
haplotype may contribute to the development of CP, while HLA-B*15/DRB1"11 haplotype might indicate resistance to disease among

Brazilians.

1. Introduction

Chronic periodontitis (CP) is a common complex disease
of the oral cavity that is characterized by an inflammatory
response to commensal and pathogenic oral bacteria [1,
2]. Due to bacterial infection, periodontal tissues become
inflamed and are slowly destroyed by the action of the
inflammatory process. If the disease is left untreated, teeth
lose their ligamentous supporting structure to the alveolar
bone, the alveolar bone is resorbed, and the teeth become
mobile, finally resulting in teeth loss [1]. CP is considered the
main cause of tooth loss among adults and is associated with
severe quality of life impact [3].

The inflammatory response of the periodontal tissues to
infection is influenced by environmental factors as well as by
genetic factors [4, 5]. It is estimated that 50% of the expression

of periodontitis in CP could be attributed to genetic factors
[5]. The observation that periodontitis is a complex disease
entity with a multifactorial etiology has led to the search for
risk factors that predispose to periodontitis in general as well
as distinctive risk factors that might predispose to different
clinical presentations of this group of diseases.

The human leukocyte antigens (HLA) play an important
role in immune responsiveness and may be involved in
antigen recognition of periodontal pathogens [6]. These cell-
surface molecules have a key role in antigen presentation and
activation of T cells. The polymorphisms of HLA can directly
affect the binding capability of antigen peptides and thus
affect the antigen-specific T-cell response [7]. Hence, these
polymorphisms could represent an important susceptibility
or resistance factor to periodontitis.
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For many years, researchers have periodically screened
populations of patients with different forms of periodontitis
for associations with HLA antigens [8-14] and consistent
results in relation to CP could not be obtained up to now.
This study aimed to investigate differences in allelic group,
genotype, and haplotype frequencies of HLA classes I and II
in a sample of Brazilian patients with CP compared with a
control group without CP.

2. Materials and Methods

2.1. Sample Selection. Between January and September 2012,
a total of 259 individuals were selected from those who
sought dental treatment at the dental clinics of Maringa
State University (UEM) and Inga University (UNINGA) at
Maringa, PR, Brazil (north/northwest region of the State of
Parana, located in the southern region of Brazil, between
22°29'30"-26°42'59"'S and 48°02'24"'-54°37'38""W). Males
and females, ethnically similar, aged over 34 years and with
at least 20 teeth in the buccal cavity participated in this study.
The criteria for exclusion were as follows: individuals with
acute infections or diseases with known associations to HLA
alleles such as diabetes, rheumatic diseases, systemic lupus
erythematosus or narcolepsy, use of antibiotics during the last
six months, and chronic usage of anti-inflammatory drugs or
lactations and those who were pregnant.

After taking the patients history, clinical periodontal
examinations were conducted by two examiners. Clinical
parameters of probing depth (PD) and clinical attachment
level (CAL) were examined at six sites (mesiovestibular,
vestibular, distovestibular, mesiolingual, lingual, and distolin-
gual) of each tooth, as was bleeding on probing (BOP). After
the periodontal examination, participants were categorized
into two different groups: the CP group (n = 108) composed
of individuals who had at least 5 sites in different teeth with
PD > 5mm, CAL > 3 mm, and more than 25% of BOP; and
the control group (n = 191), formed by individuals who did
not have sites with reduced CAL, displayed a PD of less than
4mm, and exhibited less than 25% of BOP. Therefore, the
control group was matched to the case group according to
epidemiological characteristics such as ethnicity, gender, and
geographical region. Information on the habit of smoking was
obtained by interviewing the individual (anamnesis).

2.2. Ethics Information. All individuals who agreed to partic-
ipate in this research were informed regarding the nature of
the study and signed an informed consent form authorizing
the use of their samples in the study, which was approved by
the Ethics Committee for Human Research at Maringa State
University (UEM-N".719/2011, 02/12/2011).

2.3. Sample Collection and DNA Extraction. Blood samples
(4 mL) were collected from the subjects in tubes containing
anticoagulant (EDTA) and centrifuged at 210 g for 15 minutes,
and the buffy-coat was conserved at —20°C until use. The
genomic DNA was extracted using the salting-out method
described by Miller et al. [15]. The concentration and quality
of the DNA were analyzed by optical density in a Thermo
Scientific Nanodrop 2000 apparatus (Wilmington, USA).
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2.4. HLA Genotyping. HLA typing (HLA-A, HLA-B, HLA-
C, DRBI, DQAL, and DQBI) was carried out using the poly-
merase chain reaction-sequence specific oligonucleotides
technique (PCR-SSO; One Lambda, Canoga Park, CA, USA),
low resolution to HLA-A, HLA-B, HLA-C, and DRBI, and
high definition to HLA-DQA1 and DQBI. First, target
DNA was PCR-amplified using group specific primers set,
after the amplified product was biotinylated, which allowed
later detection using R-phycoerythrin-conjugated strepta-
vidin (SAPE), and hybridized with microspheres linked to
specific conjugated fluorescent probes for HLA allele groups
(One Lambda, Canoga Park, CA, USA). The fluorescent
intensity varied based on reaction outcome and was expected
to be 1000 or above for control positive probes. Reaction
readings were carried out by flow cytometry using Luminex
technology (One Lambda). Samples were analyzed through
the HLA FUSION software (One Lambda Inc., San Diego,
CA, USA).

2.5. Statistics. HLA specificity frequencies between the
groups were compared using Fisher exact test. A two-sided
P value (P) of <0.05 was considered statistically significant.
Odds ratio (OR) values with a 95% confidence interval (95%
CI) were also calculated to evaluate the risk of the individual
developing the disease when having a particular HLA type.
All the statistical analyses were performed using the R
statistical environment [16]. However, to account for multiple
comparisons, the observed P values were corrected (P,) for
the number of alleles when one locus was considered alone
(Bonferroni correction). As the gametic phase of alleles from
the different loci was not known and segregation analysis into
families was not carried out, haplotypes and the calculation
of their frequency were determined by the likelihood ratio
test, through the Arlequin statistical software program [17].
Hardy-Weinberg equilibrium [18] was achieved by calculating
the expected genotype frequencies and comparing them to
the observed values, also using Arlequin statistical software
program [17]. To exclude smoking as a predisposing factor
statistical analyses were performed in the total sample (smok-
ers, ex-smokers, and nonsmokers: patientsversus control) as
well as in nonsmoking patients versus nonsmoking controls.
Only the haplotypes with frequencies above 1.0% were con-
sidered in this study.

3. Results

The study involved 259 individuals, 108 of whom were
patients with CP, while 151 controls were healthy individuals.
At the time of sample collection, the ages of the patients and
controls ranged between 34 and 81 years (47.22% males and
52.78% females by patients and 35.10% males and 64.90%
females by controls). Regarding the ethnic background,
59.26% of the patients with CP were reported to be Cau-
casians, 27.78% racially mixed, and 12.96% Afro-Brazilian.
Concerning the control individuals, 69.54% were reported
to be Caucasians, 23.84% racially mixed, and 6.62% Afro-
Brazilian. No differences were observed between patients and
controls according to gender, age, and ethnicity. Smoking was
associated with CP and was more frequent in patients than in
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TaBLE 1: Characteristics of patients with chronic periodontitis and controls.
Patients Controls Total
Category Subcategory (N =108) (N =151) (N =259)
n (%) n (%) n (%)
Gender Female 57 (52.78) 98 (64.90) 157 (60.62)
Male 51 (47.22) 53 (35.10) 102 (39.38)
34-49 years 65 (60.18) 97 (64.24) 162 (62.55)
Age 50-65 years 35 (32.41) 50 (33.11) 85 (32.82)
66-81 years 8 (7.41) 4(2.65) 12 (4.63)
Caucasian 64 (59.26) 105 (69.54) 169 (65.25)
Ethnic background Afro-Brazilian 14 (12.96) 10 (6.62) 24 (9.27)
Racially mixed 30 (27.78) 36 (23.84) 66 (25.48)
Smoker (A) 23 (21.30) 17 (11.26) 40 (15.44)
Smoking Nonsmoker (B) 46 (42.59) 108 (71.52) 154 (59.46)
Ex-smoker (C) 39 (36.11) 26 (17.22) 65 (25.10)
B versus A: P <0.002; OR = 0.32; 95% CI = 0.14-0.68.
B versus C: P < 0.001; OR = 0.29; 95% CI = 0.15-0.54.
A versus C: P = 0.84.
TaBLE 2: HLA associations between chronic periodontitis patients and controls.
Total” Nonsmokers™*
Patients Controls Patients Controls
HLA P P % CI P P % CI
N =216 N =302 . OR(O%CD N=92 N =216 . OR(5%CD)
n (%) n (%) n (%) n (%)
* 0.52
AT02
49 (22.7) 86 (28.5) 17 (18.5) 66 (30.6) 0.035 0.63 (0.26-0.97)
* 0.27
A"32
3(L4) 15 (5.0) 0.030 045 (0007 1(LD) 15 (6.0)
* 2.93 3.22
B740
16 (7.4) 8(2.6) 0.018 0.38 (116-8.07) 9(9.8) 7(3.2) 0.025 0.60 (1.03-10.55)
* 2.26
DRB1"08
17 (7.9) 11 (3.6) 0.048 058 o 7 8(8.7) 8(3.7)
DQBL1*06:01 0(0) 7(2.3) 0.045 0.63  0(0-0.96) 0 (0.0) 5(2.3)
. df
DQBI"06:09 b
Q 5(2.3) 0(0.0) 0.012 0.17 (1.29-undf) 0 (0.0) 0 (0.0)

undf = undefined.

*Total group (smokers, nonsmokers, and ex-smokers patients and controls).

**Nonsmoking group (patients and controls).

controls (P = 0.043; OR = 2.12; 95% CI = 1.02-4.51) as well
as in ex-smokers compared to controls (P = 0.001, OR = 2.7;
95% IC = 1.46, 5.05) (Table 1).

In all groups, the distribution of HLA genotypes was
confirmed to be in Hardy-Weinberg equilibrium (P > 0.05
in the patients and in the controls).

The most common HLA types were the following: HLA-
A*01, ¥02, *03, and *24 and HLA-B*15, *35, *44, and *51,
similar to other previous reports in the north/northwest
region of the State of Parana [19]; this was an important con-
trol to demonstrate that the population was representative.

Table 2 presents the HLA classes I and II group allele
frequencies distribution only for the significant differences
between patients and controls. When comparing the HLA
class I frequencies between CP and controls, HLA-A*32 had
alower frequency in patients with CP (smokers, nonsmokers,

and ex-smokers) and HLA-A"02 in nonsmokers group;
HLA-B*40 had a higher frequency in CP total patients
and also in nonsmokers patients group; no significant dif-
ferences were found for HLA-C allelic groups. In relation
to class II, HLA-DRB1708 allelic group and DQB1%06:09
were overrepresented in patients compared to controls, and
HLA-DQB1706:01 was less frequent in patients compared
with controls; however, neither of these associations was
confirmed in the nonsmoker group.

Differences between CP and controls were found com-
paring the HLA genotypes frequencies for homo- and het-
erozygosis. HLA-C*03-C*06 genotype was increased in
CP, whereas HLA-DQB1%03:01 homozygous genotype and
DQB1703:01/DQB1"03:02 were significantly less frequent in
CP (Table 3). After Bonferroni correction, the associations
lost the significance.
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TaBLE 3: HLA genotype frequency associations between chronic periodontitis patients and controls”.

Patients Controls
HLA genotypes N =108 N =151 P P, OR (CI 95%)
n (%) n (%)
C*03-C*06 4(4.6) 0 (0) 0.012 0.56 undf (1.31-undf)
DQB1"03:01-DQB1*03:01 0(0.0) 7 (4.6) 0.044 1.00 0 (0-0.95)
DQBI*03:01-DQBI*03:02 0 (0.0) 7 (4.6) 0.044 1.00 0 (0-0.95)
undf = undefined.
*Total group (smokers, nonsmokers, and ex-smoking patients and controls).
TaBLE 4: HLA haplotype associations between chronic periodontitis patients and controls™.
Patients Controls
HLA haplotypes N =216 N =302 P P, OR (95% CI)
n (%) n (%)
A*02/B*40 9 (4.2) 0 (0.0) <0.001 0.03 undf (2.83-undf)
A"03/B"51 5(2.5) 0(0.0) 0.012 0.36 undf (1.29-undf)
A"26/B"38 5(2.3) 0 (0.0) 0.012 036 undf (1.29-undf)
B*40/C"03 12 (5.6) 5(17) 0.022 0.62 3.49 (1.12-12.83)
B*18/C*12 4(19) 0(0.0) 0.03 0.93 undf (0.93-undf)
B*51/C*01 4(1.9) 0(0.0) 0.30 0.93 undf (0.93-undf)
B*15/DRBI*11 0 (0.0) 13 (4.3) 0.001 0.04 undf (0-0.45)
B*40/DRB1*07 6(2.8) 0(0.0) 0.005 0.19 undf (1.67-undf)
B*50/DRB1"04 4(L9) 0(0.0) 0.030 114 undf (0.93-undf)
DQAT"01:02/DQBI1* 06:09 5(2.3) 0 (0.0) 0.012 0.23 undf (1.30-undf)
DRBI"13/DQA1"01:02/DQB1"06:09 5(2.3) 0(0.0) 0.012 0.25 undf (1.29-undf)

undf = undefined.

*Total group (smokers, nonsmokers, and ex-smoking patients and controls).

Bold font: significant after Bonferroni correction.

Regarding haplotype frequencies (Tables 4 and 5) patients
with CP had significantly higher frequencies for HLA-A*02/
HLA-B*40 and a lower frequency for HLA-B*15/HLA-
DRBI1*11. Furthermore, patients with CP (only total sam-
ples) had higher haplotypes frequencies for B*18/C*12,
B*51/C*01, B*50/DRB1704, DQA1%01:02/DQB1%06:09, and
DRB1*13/DQA1701:02/DQB1%06:09 (Table 4); for non-
smokers B*44/DRB1707, B*35/DRB1"11, and B*14/DRB1"01
were more frequent and HLA-A"02/HLA-B*35 was less
frequent in patients compared to controls (Table 5);
A*03/B*51, A*26/B*38, B*40/C*03, and B*40/DRB1*07
(Tables 4 and 5) had higher frequencies for both groups,
although for all of them the significance was lost after
Bonferroni correction.

4. Discussion

While many studies have shown associations of HLA poly-
morphisms with aggressive periodontitis in different pop-
ulations [8, 10-14, 20-24] there are few studies of HLA
association with CP and the results are inconsistent [9-11,
20, 25-27]. To the best of our knowledge, this is the first
study of HLA association with CP in the Brazilian population.
Our results provide evidence that HLA classes I and II are
associated with chronic periodontitis.

In general, discrepancies in results are observed in HLA
case-control studies, and these discrepancies could be caused
by differences in the choice of controls, disease diagnostic,
racial background, and statistical analyses [28]. In this study,
in order to avoid bias in the final results, the control
population was selected after clinical examination with the
same criteria used for patient exclusion, such as gestation
and manifestations of infectious disease or known medi-
cal conditions that may contribute to development of CP.
Patients with aggressive periodontitis were also excluded.
Other confounding variables as gender, age, and ethnicity
were considered. Gender and age ratio was similar between
patients and controls. Reichert et al. [20] warned against
the fact that gender could represent a confounding variable
that should be considered in HLA and periodontitis studies;
however, as HLA antigen expression has been reported to
not vary as a function of gender [29, 30], this expression was
probably not taken into consideration in many of the earlier
studies on HLA association for periodontal diseases [10, 11,
13, 27, 31]. Age was not related to HLA expression but can be
related to the disease, although severity and prevalence were
mostly related to past disease history, social and behavior
factors [32], and altered inflammatory responses [33].

Important to emphasize is that HLA varies according to
population and ethnic group and that Brazil has an admixed
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TABLE 5: HLA haplotype associations between nonsmokers, chronic periodontitis patients, and controls.

Patients Controls
HLA haplotypes N =92 N =216 p P, OR (95% CI)
n (%) n (%)

A"02/B40 4(4.3) 0(0.0) 0.008 0.23 undf (1.58-undf)
A*02/B*35 0 (0.0) 11 (5.1) 0.038 1.00 0 (0-0.91)
A”03/B*51 3(3.3) 0(0.0) 0.026 0.75 undf (0.98-undf)
A"26/B"38 3(3.3) 0(0.0) 0.026 0.75 undf (0.98-undf)
B*40/C"03 7 (7.6) 4(19) 0.019 0.51 4.34 (1.07-20.75)
B*44/B*07 4(4.3) 1(0.5) 0.029 0.78 9.69 (0.94-482.15)
B*15/DRBI"11 0(0.0) 11 (5.1) 0.038 1.00 0 (0-0.91)
B*40/DRB1"07 4(4.3) 1(0.5) 0.029 0.81 9.69 (0.94-482.15)
B*35/DRBI"11 4(4.3) 1(0.5) 0.029 0.81 9.69 (0.94-482.15)
B*14/DRBI"01 4(4.3) 0 (0.0) 0.008 0.22 undf (1.58-undf)

undf = undefined.

population. The population in Parana has been well defined
regarding ethnicity and HLA distribution: in accordance
with HLA phenotypic classification, the white population
(majority) is predominantly of European origin (80.6%), with
a smaller contribution of African (12.5%) and Amerindian
(7.0%) genes [34]. Thus, regarding ethnic backgrounds, peri-
odontitis patients and controls were similar, not representing
a confounding variable. For this reason added to the high
polymorphism of HLA, stratification by ethnicity was not
realized.

In this study, as expected, smoking was associated with
CP and having stopped smoking maintained susceptibility to
disease. As smoking is a risk factor for the onset and progres-
sion of CP and the habit can obscure genetic risk factors [35]
we analyzed nonsmoking patients and nonsmoking controls
in addition to the total group (smokers, ex-smokers, and
nonsmokers).

In the current study some trends to associations of HLA
class 1 antigens with CP were found. HLA-A"32 was less
frequent in total samples and HLA-A"02 was less frequent in
nonsmoker patients representing possible protection to CP;
however, significance was lost after Bonferroni correction.
Added to these results, the HLA-A"02/B"35 haplotype was
significantly less frequent in nonsmoker patients. Similar to
our results, pioneering and recent investigations involving
periodontitis and HLA have also found HLA*02 associated
with protection to periodontitis [25, 27, 36, 37]. Thus, our
results indicate a protective role of HLA-A"02. A2 could yield
an efficient antimicrobial T-cell response reducing the disease
[25].

Otherwise, HLA-B" 40 was more frequent in both groups
representing a risk effect against CP, although significance
was also lost after Bonferroni correction. However, HLA-
A*02/B*40 haplotype was significantly associated with sus-
ceptibility to CP. Added to this result, HLA-B*40/C*03
and HLA-B*40/DRB1"07 haplotypes tend to be associated
with CP susceptibility. As HLA-A*02/B*40 was in linkage
disequilibrium (A" > 0.70, for all analyzed population:
patients and controls) and HLA-A"02 has been associated
as a protection factor, the susceptibility found for patients

with CP may be related to HLA-B*40. Individuals carrying
B*40 (B60 and B61 antigens) had a three-fold higher risk of
developing the disease. Contrarily, in another reporter, HLA-
B*40 was associated with a lower clinical attachment loss
in CP; however, this association was lost after Bonferroni
correction [31].

Taking into account other haplotypes that were sig-
nificantly associated in our population, the HLA-B*15-
DRB1"11 combination must be highlighted conferring pro-
tection against CP in the total group of patients. HLA-B*15-
DRBI1*11 was in linkage disequilibrium (A" > 0.80 for all
analyzed population). HLA-B"15 could be associated with the
disease: no associations between DRB1711 and CP have been
previously reported; however, in agreement with our results,
Mauramo et al. [31] found that patients expressing HLA-B*15
had less clinical periodontal disease manifestation and better
periodontal health over a long period of time. HLA-B*15
positive individuals might have a somewhat peculiar genetic
response towards periodontal bacteria challenge contributing
to CP development [31].

Another haplotype that lost the significance after Bon-
ferroni correction in our study but must be highlighted
was HLA-B*50/DRB1"04. This haplotype was a susceptibility
factor to CP in our population and it is possible that the
effect was associated with DRB1704. According to previous
reports, and in agreement with our results, HLA-DRB1"04
was associated with risk to CP [38, 39] and aggressive
periodontitis [9, 12, 23, 30], as well as their alleles [8, 30].
DRB1%04:04 was considered a risk factor for bone loss [30,
40]. Contrarily, in a recent investigation, HLA-DRB1"04 or
HLA-DRB1"04/DRB4*(DR53)/DQB1703:02 haplotype had
a decreased colonization risk of Aggregatibacter actino-
mycetemcomitans [9]. DRB1%04 was an immunogenetic sus-
ceptibility factor for type 1 diabetes [41] and for rheumatoid
arthritis [30]; however, both diseases were included in our
exclusion criteria.

According to other association studies between peri-
odontitis and HLA, a meta-analysis focusing on Caucasian
case-control studies conducted by Stein et al. [25] demon-
strated no associations between HLA and CP, although for



aggressive periodontitis HLA-A"09 and B*15 appeared to
represent susceptibility factors and HLA-A*02 and B*05 were
potential protective factors. Other HLA-A, HLA-B,and HLA-
C associations with periodontal disease previously described
in the literature were as follows: susceptibility mediated by
HLA-A"11, A*29, B*14, and C*08 and protection by HLA-
A"03, HLA-A*31 and -A"30/A"31 genotype observed in
German patients with CP [11] and HLA-B"57 as a protecting
factor in German patients with CP or generalized aggressive
periodontitis [9]; HLA-A02 and HLA-B*05 associated with
protection in the CP patients from USA [27, 36, 37]; HLA-
A*09 positively associated with CP from France [26]; and
HLA-B*51 related to fewer deep periodontal pockets in the
CP in Swiss adults. HLA-DQA1"03 and HLA-DRB1" 04 were
higher and HLA-DQB1"06:03 might have protective effects
against aggressive periodontitis in Iranian patients [8].

A possible role of HLA in the immune response and
development of periodontal disease may be related to their
ability to bind some processed peptides from bacteria anti-
gens and expressing them on the surface of antigen presenting
cells (peptide-HLA class II) or target cells (peptide-HLA
class I) in order to present them to T cells (CD4 or CD8)
[42]. The binding capacity of the bacteria peptide depends
on HLA allotypic structure of their paratope. Failures in
this link capacity can compromise the immune response
and could be a risk of disease. The large individual capacity
of immune response occurs due to the fact that HLA is
highly polymorphic: each gene has multiple alleles and each
individual has many expressed genes. These preliminary
results indicate that HLA haplotypes might be involved in
the susceptibility or risk for periodontal disease. However,
further investigations of HLA haplotypes markers in relation
to antigenic peptide-binding motifs are necessary in order to
understand its relation in periodontitis.

The weaknesses of the case-control studies were related
to the reproduction of results in function of ethnicity
background of the individuals, sample size, diagnostic tolls
of disease, and HLA genotyping methods. Consequently,
no strong association could be found, especially in CP. In
addition, CP is a complex and multifactorial disease and
several other genetic polymorphisms have been reported
to be associated with bacterium response, inflammation,
chronicity, and wide ranging systemic effects and disease
development, such as ILI, IL4, TNE IL8, and ILIO cytokines
genes, immunoglobulin G Fc receptor (FcyR), and TLR [35,
43-60]. Despite this fact, all information regarding genetic
susceptibility to diseases is valuable and can be applied
to therapy intervention or individual approach. For better
results, we have tried to be very critical in the choice of the
study population. CP inclusion criteria and CP and control
exclusion criteria were defined in order to avoid confounding
factors and were a representative of generally healthy and CP
adults. As independent multiple comparisons were carried
out and we considered that all genotypes examined had
the same chance of being increased or decreased in CP,
Bonferroni correction was applied for all significant P values.

The present study has potential limitations. We focused
on the HLA allele group, not on alleles and epitopes analysis,
and split antigens were not investigated. The major limitation
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of this study is the relatively small sample size regarding the
analysis of the nonsmoker group.

In these Brazilian CP patients, the HLA-A"02/B*40
haplotype was considered a risk factor for CP and HLA-
B*15/DRB1"11 haplotype was considered a protective factor
for disease. Susceptibility may possibly be associated with
B*40 molecules and protection may be associated with B*15
and A"02. Further investigation relating antigenic peptide-
binding motifs and their immunopathogenesis involving CP
development should be investigated.

5. Conclusion

These results provide evidence that class I and II HLA
polymorphisms are associated with chronic periodontitis.
HLA-A"02/B*40 haplotype seems to represent susceptibility
factors and HLA-B*15/DRB1*11 haplotype was potential
protective factors against disease.
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