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Purpose. This work aimed to synthesize the results of recent meta-analysis focusing on polymorphism in inflammatory mediators
and its relation with the risk of periodontitis development. Materials and Methods. A systematic search was conducted using
databases for publications prior to October 2016. Three examiners extracted data from articles with a clear association between
polymorphisms in the inflammatory mediator gene and the development of periodontitis through meta-analysis using the fixed
or randomized statistical models to calculate the Odds Ratio with values of P < 0.05 considered significant. Results. A total
of 13 meta-analysis articles with 25 polymorphisms in seven interleukins (IL-1A, IL-1B, IL-4, IL-6, IL-8, IL-10, and IL-18), three
cellular receptors (Fcy receptors: FCGR2A, FCGR3A, and FCGR3B), and five inflammatory mediators (COX-2, MMP-2, MMP-
3, MMP-8, and MMP-9), with a total of 71,531 participants, approaching different classifications of the disease. Conclusion. The
study demonstrated that polymorphisms in the IL-1A, IL-1B, IL-6, IL-10, MMP-3 (chronic form), and MMP-9 (chronic form)
polymorphisms were significantly associated with the risk of developing periodontitis, whereas other polymorphisms in the IL-4,
IL-8, IL-18, Fcy, COX-2, MMP-2, MMP-3 (aggressive), MMP-8, and MMP-9 (aggressive) polymorphisms had no significant
association with risk of developing periodontitis.

1. Introduction disease development, so as to determine the clinical aspects

. e . . . and rate of periodontitis progression.
Periodontitis is a multifactorial inflammatory disease and P prog

both environmental and genetic factors play a major role
in the progression of the disease with consequent tissue
destruction around the dental roots, and alveolar bone is
associated with systemic alterations such as diabetes [1],
changes in the liver [2], cardiovascular diseases [3], and even

The evidence that periodontitis is a complex disease of
multifactorial etiology has resulted in the development of
focused researches in the identification of molecular markers
capable of determining the risk of disease development [6].

Recently, investigations on factors of susceptibility to

osteoporosis [4].

The high risk in the progression of periodontitis is directly
associated with the biofilm found in the gingival sulcus,
in which both amount and presence of specific species of
bacteria represent risk factors [5]. However, the genetic
variability of host may influence individual susceptibility to

periodontitis have been gaining focus on genes of immuno-
regulatory molecules, such as cytokines, chemokines, mem-
brane surface receptors, and antigen recognition proteins
[5]. Cytokines such as interleukins (IL-1A, IL-1B, IL-6, and
IL-10, among others), surface receptors such as the Fcy
family (FCGRs), and cyclooxygenase- (COX-) 2 and matrix
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metalloproteinase (MMP) are considered key factors in the
progression of periodontitis recruitment, differentiation and
activation of B lymphocytes, inflammatory infiltrate, and
stimulation of osteoclasts. Polymorphisms in these molecules
have been suggested as factors that influence the risk of
developing the disease [7-11], although several studies using
allelic and genotype frequency determination methods by
Polymerase Chain Reaction (PCR) [12] or genomic associa-
tion [13] have sought to clarify the relationship between poly-
morphisms in cytokines or other inflammatory mediators
and periodontitis, if failures by the reduced sample number
generate false-positive or false-negative data [5].

In this perspective, meta-analysis studies have been
increasingly used in genetic analysis for their ability to asso-
ciate data by canceling the so-called short effects that studies
with reduced sample numbers lead to [14]. Meta-analyses on
polymorphisms in inflammatory mediators are available in
the literature [15-17]. The high capacity of association of data
made by the meta-analysis guarantees greater reliability as
well as accurate results with correct orientation of the focus
in the development of molecular markers for the disease.

Given such reliability in meta-analysis studies, this study
aimed to describe the association between polymorphisms in
inflammatory mediators and the susceptibility to periodonti-
tis based on available meta-analysis in the literature.

2. Methods

This meta-analysis followed the recommended PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) statement [26].

Search Strategy. A systematic search in the Cochrane Library,
Google Scholar, and Pubmed databases was performed for
collection of studies previously published on October 2,
2016. A combination of the specific descriptors was used:
“interleukin, or cytokine, or inflammatory Mediator”, “peri-
odontitis, or periodontal disease, or chronic periodontitis, or
aggressive periodontitis”, “polymorphism, or genetic varia-
tion”, and “meta-analysis”, as seen in Figure 1.

Three independent investigators reviewed all abstracts of
the papers and their references to identify possible relevant
studies. There was no restriction of language in the collection
of articles. When the search resulted in studies of different
authors which were published in distinct years but which
addressed the same polymorphism the most recent study
was selected for inclusion analysis and subsequent data
extraction.

Inclusion Criteria. In order to be included in the research,
the studies should show a clear association between poly-
morphisms in the inflammatory mediator gene and the risk
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in the development of periodontitis through meta-analyses.
Following this, standard methods with allocation of patients
in a case and control group data presented were dichotomous,
using the fixed-effect or random-effect statistical models to
calculate the Odds Ratio (OR) with values of P < 0.05
considered significant. Studies outside these criteria were
excluded.

Data Extraction. Two calibrated investigators performed the
data collection and discussion following a standardized form
by first author, year of publication, polymorphism analyzed,
number of cases and controls, OR value, and type of peri-
odontitis analyzed.

3. Results and Discussion

At the end of the systematic search (Figure 1) 13 meta-analysis
articles on 25 polymorphisms in seven interleukins (IL-
1A, IL-1B, IL-4, IL-6, IL-8, IL-10, and IL-18), three cellular
polymorphisms (Fcy receptors: FCGR2A, FCGR3A, and
FCGR3B), and five inflammatory mediators (COX-2, MMP-
2, MMP-3, MMP-8, MMP-8, and MMP-9) comprised 71.531
participants (32.011 patients and 39.520 controls), as shown in
Table 1. The studies were published in the period from 2012
to 2016. In addition, the results on heterogeneity as well as
details about statistical characteristics of studies included in
the systematic review are shown in Table 2.

In the pathophysiology of periodontitis, several inflam-
matory mediators contribute to damage of periodontal sites,
destruction of supporting connective tissue, and loss of
alveolar bone. An example of such mediators is interleukin
1, a soluble molecule involved in the host’s immune response
against microbial agents by signalling to neutrophilic infil-
trate and tissue destruction due to increased secretion of
matrix metalloproteinases [10].

Five meta-analysis studies were found for polymorphisms
in two IL-1 variants (IL-1A and IL-1B) [15, 18-21]. The meta-
analysis performed by Silva et al. [15] demonstrated that the
-889 C/T polymorphism was significantly associated with a
higher risk of chronic periodontitis in the general analysis
(Table 1); however, the authors did not find a significant asso-
ciation for this polymorphism in the Brazilian population
(OR =0.97,95% CI: 0.70, 1.35, and P = 0.87).

Such contradictory results can be explained by the greater
heterogeneity in the genetic pattern of the Brazilian popu-
lation [27]. Wang et al. [18], on the other hand, performed
a meta-analysis with studies on this same polymorphism
but focused on aggressive periodontitis, finding a nonsignif-
icant association of this genetic variant with the disease in
its aggressive form (P = 0.98). Aggressive and chronic
periodontitis have distinct pathophysiological mechanisms;
chronic and aggressive periodontitis can not be differentiated
as to their histopathological changes [28] or type of microbial
colonization [29]. However there is evidence that there are
molecular and immunological differences between them, the
presence of neutrophil abnormalities [30] and an increase
in B lymphocytes in aggressive form being observed [31];
so approaches on these disease classifications are required
[16].

The polymorphisms —511 C/T and +3954 C/T in the IL-1B
gene were not significantly associated with the risk of devel-
oping either chronic [19] or aggressive periodontitis [20]. In
contrast, the +3954 C/T polymorphism was associated with
a higher risk of developing chronic periodontitis in a meta-
analysis based in Asian population [21]. This meta-analysis
composed of 20 case-control studies corroborates with data
previously published in the literature [32]. One of the evi-
dences that explain the association of polymorphisms in IL-
1B only with chronic periodontitis is the fact that aggressive
periodontitis is more like a genetically inherited disease and
the IL-1 gene is not related to the specify genes [20]. The IL-
1B can promote the movement of inflammatory cells from the
blood to inflamed tissues, regulate the extracellular matrix,
and induce other cytokines and IL-1B gene polymorphisms
were previously reported to be associated with the severity of
chronic periodontitis [21].

In IL-4, a proinflammatory cytokine is capable of induc-
ing apoptosis of osteoblasts thus contributing to the pro-
gression of alveolar bone loss [9] and induces apoptosis
in monocytes [17]; three polymorphisms (IL-4 —-590 C/T
(rs2243250),-33 C/T (rs2070874), and 70-bp) were addressed
in a meta-analysis [17], which found, in most studies, no
significant association between these genetic variants and the
risk of developing periodontitis (Table 1). One of the possible
explanations for such results is the potential publication that
may have affected the evaluations for the 33-C/T and 70-pb
polymorphisms because of the small number of studies for
these polymorphisms (seven and four, resp.). In some studies
the association between periodontitis and polymorphisms
in IL-4 was observed in German, Brazilian, and Chinese
patients. This can be explained by the association of poly-
morphisms in IL-4 with lack of monocyte downregulation,
thus being a contributory factor to tissue breakdown in
periodontitis [17].

Interleukin-6 (IL-6) is a potent mediator of bone resorp-
tion capable of stimulating macrophages and osteoclasts
with increased tissue damage in both types of periodontitis
evaluated [16]. The meta-analysis that evaluated the poly-
morphisms —174 G/C and -572 G/C in IL-6 showed that
the two polymorphisms were associated with periodontitis.
However, the results for the —174 G/C polymorphism had
no association with the disease when analyzed for each
ethnic group, except Brazilian population, and chronic peri-
odontitis. The stratification by ethnicity and disease type
indicated an association between the IL-6 —572 G allele and
chronic periodontitis and periodontitis in Europeans [22].
To be associated with an increased inflammatory response,
specifically in the presence of periodontopathogenic bacteria,
the IL-6 gene may play a key role in the pathogenesis of
periodontitis [22].

In another meta-analysis study addressing two polymor-
phisms in the IL-8 gene (Table 1), it was observed that the
—251 A/T polymorphism was associated with the risk of
developing periodontitis while the —845 C/T polymorphism
was not significantly associated (P < 0.001, P = 0.40, resp.),
because between-study heterogeneity was not evident. This
meta-analysis evidenced that the IL-8 —251A/T polymor-
phism is related with a decreased risk of periodontitis in a



International Journal of Dentistry

241552133y (#90°0 = d ‘¥8L-956°0) 8E1'T ¥9€/0z€ €
drory) (9€8°0 = d ‘SO€'T-908°0) 920°T 06%/899 3
aarss2188y (61£°0 = d ‘SIET-€£9°0) OV6'0 7S be¥ CYN/IVN ¢ o gea50d
= 7 e . . ASSTA €10¢C [01] 297 pue 3uog veIHOd
sruory) (0¥T°0 = d 0T€'T-018°0) 1LE°T 8TI/8L1 HIen I Voo
2A1ss133y (8£T°0 = d ‘8%€T-816°0) TIT'T 95T 1/89% 9
druory) ($8%°0 = d ‘€OI'T-¥18°0) L¥6°0 96¥1/979'1 L
druory) (I8T°0 =d ‘TO'T-LET) 99°T 8S¥/9LS O/D LET- 3
BLRER -
on1s50188y (Z61'0 = d ‘S9°T-05'T) 98T 85Y/9LS DIV £09- ¢ yioe [sc] T3 1T 8111
SwuoIy)) (€00 =d ‘S8T-¥0T) 8€'T L8S/€L9 V/D 65— 9
SAISSISTY (910 =d ‘€€T-96°0) €I'T €09/6VL 1/D 618— L 7107 [¥2] e 32 Suoyz OT-TI
. (LL0=d ‘9TT-€L'0) 96'0 9L6/S01T D/V 7801- S
druory) (070 =d 10T-66'0) 1¥'1 STS/8L9 O/1 S¥8- 3 .
£ 19 Ud -
241552133y (100°0 > d “TI'T-0£°0) 68°0 0€1T/SSS'T L/V 152~ 1 st [ec] T 1o 8711
druory) (€000 = d 00°T-SI'T) TS'T 866/9€¥'1 /DTS- 01 .
® 10 uo -
aa1ssa138y (02°0 = d ‘SS'T-160) 8I'T 06V°1//88°1 /9 L1~ 91 £loz (el T S oI
SroIgD (L0 =d ‘TI'T-9L0) 9T'T 905/9T¥ qd oz b
sarssa135y (16°0 = d ‘85'T-09°0) L6°0 £96/S1L L/ €e~ L S10T [£1] e 12 uex b1
. (¢h'0 = d ‘S8'1-8L°0) 0T 6£07/0TT1 L/D 065— a
droIy) (200 =d ‘TH'T-90°T) 09°T 867 1/959°T L/D pS6e+ 0z S10C [12] e 32 e
dA1ss2138Y (160 = d ‘€TT-6L°0) 660 €8V T/6S'T L/D FS6e+ ST S10C [02] Te 32 uayD q1-11
druory) (880 =d ‘9¥'1-2L0) €01 006°€/€L1°T L/D 15— 61 S10T [61] e 30 Suaz
sruory) (#0000 > d ‘9€'1-60'T) TTT 9SL/PLIT L/D 688 €T 10T [ST] 'Te 39 eATIS VI
an1ss2133y (86°0 =d ‘PIT-88°0) 00T PEIT/99T1 L/D 688— 61 ¥10C [81] e 10 Suepm
UONBDIISSe]d e
SHIUOpOLIdg ("™d ‘%s6 O1) YO S[onu0d/s9se) swsrydiow[oq N Tedx 90UAIdJI pUR JIOYINY PN

"0JB3S DTJRUWIA)SAS UT PIPN[OUL PUB 9107 03 Z[0Z W) porad oy ur paysiqnd sIsA[eue-ejow ut S9Ipns Y3 JO SINSAT PUE SONSLIAIOBILYD UTRIA ;] HIEV],



International Journal of Dentistry

“Jueoyyrudis anfea o1ysne)s :G0°0 > 4 pue ared saseq :qd TeAIajur 20UpYUO0d DT (UOsLIEAWOD JT[R[[E P[IM X JT[I[[E SIULINU) UOTJEN[BAD OI[I[[e
a1} 10J oNEY SPPO YO O[qe[IeA. SISA[EUL-LJIW UT PIPN]OUT SATPNIS JO IIQUINU : N DseurajoIdo[elaur XLjeur (JINIA ‘¢ 95eua8Ax004d :z-X0D Ao 10)dasar :igHDH D] ‘SURNSIAIUT ] T0JBIPIUT A TOJRWUTIR[JUT :PIIA]

2A1ss2133y (9590 =d 6TT-L9°0) £6°0 S8T/161 4
RILELI0) (2000 =d 2L 0-T1€°0) 6%°0 981°1/658 L
aA1ssa133y (S00°0 <d “TI'P-86°0) 10T L91/96'T L/D 2951~ 4 6-dININ
uEOHMW Amoo. O|A n~a vm. Tho. 1) wm.ﬁ ¥8¢/T0L H\Ummhll 4 9107 [11] T2 32 Suapm w-mzz
QAISSIS5Y (SLT0=d 68°C-780) ¥S'T hl/LE 9V/SV IL11 1 €-dININ
J1uoIyD (1000 > d “99'T-STT) ¥¥'1 0€S°T/L69 L/O €SL- 9 -dININ
aA1ss2138y (5000 <d TI'F-86°0) 10°C 08T/1L1 [4
Sruoayn (S00°0 <d ¥ST-£0'T) 8TT ¥€7/9¢C [4
SraoIyD (5000 <d 16'0-9%°0) S9°0 80¢/20T [4
aA1s$2138y (5000 < d ‘08'1-£8°0) ST'T 9¢€01/615 O/L €LY8 1
RILI0) (5000 <d F¥'S-€0°0) 070 8EIT/IETT V/Os611- € 10T [8] Te 32 Suel( 7-X0D
2A1ss133y (S00°0 <d ¥9°T-18°0) SI'T T611/709 D/DE9L~ (4
S1uoIyH (5000 <d ‘SST-6£0) IT'T ¥86C/€16°T S
M%%MMWMMMM (C"™q ‘%56 DI) 4O S[OIJU0D/S3SBD) swistydiowA[og N Bi:E) ¢ 90UIRJAI pue IOy PoIN

"panunuoy) ;] A19V],



International Journal of Dentistry

‘JuedyrudIs anfea d1IseIs :G0°0 >
J pue 9[qesrdde jou 1y N ‘parrodar jou N 193 o1snye)s () paseq parenbs-1yd ) ‘oseurajordo[elour XLjeur (qINIA ‘¢ 25eua8Ax00Ld :z-XO)D ‘Ao 10)dadar :igHDHDH] ‘SURNIIAIUT ][ TOJBIPIU AIOJWUTIB[JUT :PIIA]

aA1s$2133y T 6V0=d 0
S1uoIyD) T 1000 > d 8'sg
aA1s$2133Y T S0°0>d €'s8 1/D 7951 6-dININ
sy v o o ooy 121~ (1) 30 Buapg e
o1uoIy) 44 ro=d ¥y L/D€sL— T-dNIN
aA18$2133Yy qd S0°0<d 6'6C
STUOIYD) 11 S0°0<d 0
S1U0IYD 11 S0°0<d 0
aA1ss2183y YN YN YN D/LELV8
oruoIyD T S00>d 6'SL V/OS611- [8] 'Te 32 Suer( 7-X0D
aA182138Y T4 S0°0>d L96 D/DS9L—
S1uoIyD Tl S00>d 756
2A1852133y T4 1000=d LP8
%%Hm%« wm Mww _ M N TYN/IYN 494904
rox ASST [01] 9277 pue 3uog VEIDOd
oIy VN VN YN
sarss183y . 70=d 0 HIETd V2IDDd
oS1uoIy) a4 SFo=d S6'S
4 L60=d 0 /D LET- )
OTUOIYD/AATSSAIFTY a1 610 =d g SIV 109 [sz] Tedo 1T ST-TI
T 700=d 996 /D 765
OIUOIYD/3A152133Y a1 0T0=d 86T L/O 618— [¥2] e 10 Suoyz 01-11
a4 970=d 6€T D/V T801-
T 0v0=d AN D/L S¥8- )
OTUOIYD/AATSSAISTY 0 1000 > d AN LV 152- [€7] T390 WAYD 8-TI
Tl S0°0>d 819 D/D TLS- )
OTUOIYD/AATSSAIFTY ™ 00> 659 /0 = [z2] Te 30 Suog 9-11
T S00>d I'ss qd oz
O1UOIYD /3182133y T S0°0>d LS8 1/ €e— [£1] Te 32 uex P11
T S0°0>d 706 L/D 065—
ooy Td S0°0>d %I8 L1/D ¥see+ [17] Te 19 BN
aA1s$9133y T S00>d 79 L/D ¥S6s+ [0Z] Te 12 uayD q1-11
J1uoIyD R S00>d $S6L L/O 116~ [61] Te 32 Sudz
SroIy) e 870=d a1 1/D 688— [ST] 'Te 32 eATIS )
aA1852133y Rel S00<d 98'8T L/O 688— [81] e 10 Suepm Vi
HOREIGISSED pasn [opou [ed1s1IeIS AyauaBoray 7 (%) I wstydiowjoq 90UdIdJaI pUR I0YINY PN

SOTJUOPOLI

“(DIBIS DTJBWAISAS UT PIPN[OUT PUE SISA[EUE-BISUI UT SATPMYS () JO anfea 411025012127 N0 SINSII PUB SONISLISIORILYD [IN)STIRIS 17 HTLV],



International Journal of Dentistry

Brazilian mixed population and an increased risk of peri-
odontitis in an Asian population. The IL-8 gene has q13-ql2
localization on chromosome 4, where the —251 A/T variant
is related to an increase in the transcriptional activity of this
cytokine [23]. The evidence that IL-8 —251A/T A allele is
associated with higher expression of IL-8 can be observed
in patients with chronic periodontitis in which higher IL-8
levels in the gingival crevicular fluid than healthy individuals
were found. In addition, the expression of IL-8 in gingival
epithelial cells can be induced by Porphyromonas gingivalis
and Tannerella forsythia [23], bacteria commonly associated
with periodontitis. It is important to note that although a
very low genetic diversity was observed for the —845T/C
polymorphism, the authors verified that Brazilian individuals
with variant genotypes presented a higher risk of chronic
periodontitis [23].

IL-10 is a suppressor cytokine that regulates negatively
the immunological response of monocytes and macrophages.
The meta-analysis [24] that evaluated polymorphisms in the
IL-10 genes indicated that only the =592 C/A polymorphism
in IL-10 is significantly associated with the high risk of disease
development in the overall population (Table 1). However, in
the same meta-analysis the IL-10 —819 gene polymorphism
demonstrated association with chronic periodontitis onset in
Caucasian population, suggesting a possible role of ethnic
differences in genetic backgrounds besides showing that
the IL-10 —1082 gene polymorphism did not indicate an
association with either chronic periodontitis or aggressive
periodontitis [24].

Data from the meta-analysis on polymorphisms in this
interleukin corroborates with previously published data
where there was also no association of these genetic variations
with periodontitis, in both forms [33]. It has been pro-
posed that IL-10 may attenuate periodontal tissue destruction
through the induction of tissue inhibitors of metallopro-
teinases and the inhibitor of osteoclastogenesis [34].

Although there was no significant association in the
evaluation calculations of the polymorphisms in the IL-18
gene and periodontitis, the meta-analysis developed by Li et
al. [25] found a significant association of the polymorphisms
(=607A>C and -137G>C) with high levels of this cytokine in
the plasma of the patients with the disease when compared
to the controls. The mechanisms by which IL-18 acts in
periodontitis remain unknown, but they are indicating that
polymorphisms in the IL-18 gene may alter the levels of
this interleukin in the blood and thus contribute to the
progression of the disease [25].

The findings suggest that the FCGR2A HI3IR allele and
the FCGR3A FI58V polymorphisms may be associated in
the development of periodontitis. However, the associations
between FCGR2A, FCGR3A, and FCGR3B polymorphisms
and chronic periodontitis are susceptible due to a causal asso-
ciation or imbalance with the true polymorphism causing
the disease not yet determined [10]. Already, the FCGR3B
NA1/NA2 polymorphism has shown being associated with
aggressive periodontitis. However, no relationship was iden-
tified between FCGR3A F158V and periodontitis [10]. The
microorganisms antigens that have been opsonized with anti-
body can be either phagocytized via FcyRs on neutrophils or

internalized via FcyRs by antigen-presenting cells (dendritic
cells, monocytes, macrophages, and B cells). Therefore, any
alteration in FcyR expression and function would alter host
immune responses against periodontal pathogens and hence
susceptibility to periodontal diseases [35].

Evaluating polymorphisms in COX-2 and MMP-2,
MMP-3, MMP-8, and MMP-9 genes, two meta-analysis
are available in literature [8, 11]. There are no significant
associations between polymorphisms in COX-2 gene and
periodontitis, as showed in Table 1. Nevertheless, contradict-
ing findings are brought by other authors [8] who found an
association between COX-2 and periodontitis in women of
northern Indian population [36] and in the population of
Northwestern European ethnicity [37]. The substitution of
C/G at position —765 and substitution of A/G at position
—1195, as well as substitution of C/T at position 8473 in the
COX-2, were assumed to be polymorphisms associated with
periodontitis [38].

As showed in Table1 the —753 C/T polymorphism in
MMP-2 and the =799 C/T polymorphism in MMP-8 are asso-
ciated with both forms of periodontitis evaluated (aggressive
and chronic forms). The —1171 A5/A6 polymorphism and
-1562 C/T polymorphism in MMP-3 and MMP-9, respec-
tively, are associated only with chronic form. This finding
contradicts results about these polymorphisms in MMP-3
and MMP-9 in Chinese population with chronic periodonti-
tis [39]. With these MMPs and others such as MMP-13 being
considered as important inflammatory mediators with key
role during periodontitis tissue damage [40] more studies are
required to highlight the influence of MMP’s polymorphisms
in periodontitis.

4. Conclusion

In conclusion, this systematic review consisted of 13 meta-
analysis articles with 25 polymorphisms in seven interleukins
(IL-1A, IL-1B, IL-4, IL-6, IL-8, IL-10, and IL-18), three
cellular polymorphisms (Fcy receptors: FCGR2A, FCGR3A,
and FCGR3B), and five inflammatory mediators (COX-2,
MMP-2, MMP-3, MMP-8, MMP-8, and MMP-9) which
comprised 71.531 participants (32.011 patients and 39.520 con-
trols), approaching different classifications of the disease and
demonstrating that polymorphisms in the IL-1A, IL-1B, IL-
6, IL-10, MMP-3 (chronic form), and MMP-9 (chronic form)
genes were significantly associated with risk of development
of the disease, while other polymorphisms in the IL-4, 18,
Fcy, COX-2, MMP-2, MMP-3 (aggressive form), MMP-8, and
MMP-9 (aggressive form) receptors were not significantly
associated with periodontitis development.
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