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Introduction

Periodontitis is an inflammatory disease characterized by pro-
gressive destruction of the structures that support teeth. Several 
behavioral, environmental, microbial, systemic, and genetic 
factors have been reported to influence its development. Host 
susceptibility also plays a significant role in periodontitis, with 
up to a third of variance explained by genetic factors and heri-
tability increasing with disease severity (Nibali et al. 2019). 
The strongest evidence for genetically conferred risk and 
increased innate susceptibility to periodontitis comes from 
studies in patients with single gene defects who are predis-
posed to periodontitis at an early age (Silva, Brenchley, 
Moutsopoulos, 2019). Periodontitis is a frequent clinical mani-
festation in several monogenic syndromes that are transmitted 
as Mendelian traits. Such human single-gene defects not only 
demonstrate the existence of genetic susceptibility to peri-
odontitis but also reveal insights into the roles of specific genes 
and related pathways in periodontal homeostasis and immuno-
pathology. To date, Mendelian diseases associated with peri-
odontitis include syndromes with neutropenia, abnormal 
neutrophil function, and metabolic, structural, or immune pro-
tein defects. Among all the Mendelian diseases discovered in 
the genes coding for the components of the hemostatic system, 
type 1 congenital plasminogen (PLG) deficiency (CPD) has 
been definitively identified to predispose to early-onset, severe 
periodontitis, which is associated with defective fibrinolysis. 
In this review, we discuss plasminogen deficiency and associated 
defective fibrinolysis as a mechanism underlying periodontitis 

pathogenesis in context of Mendelian-type gene defects (i.e., 
mutations). We further overview data related to common 
genetic variation (i.e., single-nucleotide polymorphisms 
[SNPs]) in and around the PLG gene, which is associated with 
non-Mendelian forms of periodontitis, and propose that rele-
vant pathways may be involved in subsets of patients with 
common forms of periodontitis.

Congenital Plasminogen Deficiency,  
a Cause for Periodontitis
CPD in humans is of 2 types: type I or hypoplasminogen-
emia (severe PLG deficiency) and type II or 
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Abstract
The hemostatic and inflammatory systems work hand in hand to maintain homeostasis at mucosal barrier sites. Among the factors of 
the hemostatic system, fibrin is well recognized for its role in mucosal homeostasis, wound healing, and inflammation. Here, we present 
a basic overview of the fibrinolytic system, discuss fibrin as an innate immune regulator, and provide recent work uncovering the role 
of fibrin–neutrophil activation as a regulator of mucosal/periodontal homeostasis. We reason that the role of fibrin in periodontitis 
becomes most evident in individuals with the Mendelian genetic defect, congenital plasminogen (PLG) deficiency, who are predisposed 
to severe periodontitis in childhood due to a defect in fibrinolysis. Consistent with plasminogen deficiency being a risk factor for 
periodontitis, recent genomics studies uncover genetic polymorphisms in PLG, encoding plasminogen, being significantly associated with 
periodontal disease, and suggesting PLG variants as candidate risk indicators for common forms of periodontitis.
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dysplasminogenemia, which is rarely, if ever, symptomatic 
(Schuster and Seregard 2003). Type I CPD is a rare autoso-
mal recessive disease caused by mutations in PLG, the gene 
coding for the zymogen plasminogen, with resultant decrease 
in antigenic and functional levels (Schuster et al. 1997; 
Schuster and Seregard 2003; Tefs et al. 2006). The preva-
lence of heterozygous mutations for type I CPD is ~0.3% to 
0.4% of the general population (Okamoto et al. 2003; Tefs  
et al. 2004). The prevalence of severe type I CPD (i.e., with 
either homozygous or compound heterozygous mutations) 
has been estimated to 1.6 per one million people in Europe 
(Tefs et al. 2004).

CPD is associated with abnormal accumulation of an amor-
phous, fibrin-rich, amyloid-like substance in the lamina pro-
pria of mucous membranes, including the oral mucosa, the 
eyes, respiratory system, urinary and genital systems, and the 
gastrointestinal tract (Tefs et al. 2006) (Fig. 1A). The term lig-
neous was first used in 1933 to describe the wood-like (ligne-
ous) characteristic of the pseudomembranous lesions (Borel 
1933) first described by Bouisson (1847). The link between 
type I CPD and ligneous lesions on mucosal sites was first 
reported in 1995 (Mingers et al. 1995). A large study conducted 
in 2006 (Tefs et al. 2006) showed that the most common clini-
cal manifestation of type I CPD is ligneous conjunctivitis 
(80%), followed by ligneous gingivitis (34%). (Tefs et al. 
2006). Herein we provide a summary of published reports of 
ligneous gingivitis cases between 1973 and 2022 (Appendix 
Table 1).

Initially, these ligneous deposits were considered compat-
ible with primary localized amyloidosis. However, the mate-
rial deposited did not share the histochemical features of 
amyloid. Some years after the discovery of a link between 
PLG deficiency and ligneous conjunctivitis (Mingers et al. 
1997), Scully et al. (2001) described the etiology of the dis-
ease. The homogeneous, amyloid-like, eosinophilic material 
was identified to be fibrin (Pierro et al. 2006; Karaer et al. 
2007; Kurtulus et al. 2007; Fine et al. 2009). Type I CPD 
causes the inability to remove fibrin deposits mainly at muco-
sal barrier sites secondary to injury or inflammation, as well as 
delayed tissue repair. Due to limited fibrin degradation, the 
wound-healing process has been shown to cease at the granu-
lation tissue formation stage (Pantanowitz et al. 2004; Mehta 
and Shapiro 2008).

Ligneous periodontitis is characterized by membranous, 
nodular gingival lesions and progressive destructive peri-
odontal disease, periodontitis, leading to tooth loss at a young 
age despite a diverse array of attempted treatments (Appendix 
Table 1). These patients developed ligneous periodontitis at a 
very young age with severe bone loss evident in teenage 
years (Appendix Table 1). Surgical and periodontal treatment 
efforts were shown to be unsuccessful for the management of 
the reported oral lesions. In some cases, gingival lesions 
showed regression or disappeared following tooth loss or 
full-mouth extractions (Gunhan et al. 1999). For instance, in 
one case (Baykul and Bozkurt 2004), mandibular lesions 
regressed slowly 4 wk after the last tooth extraction and dis-
appeared, whereas maxillary lesions remained unchanged for 
12 wk.

The Fibrinolytic System
Plasmin plays an important role in hemostasis via controlled 
dissolution of fibrin blood clots into fibrin degradation prod-
ucts (Collen and Lijnen 1994). PLG is a proenzyme that is syn-
thesized primarily by the liver. PLG circulates in the blood and 
is converted into the active enzyme, plasmin, on proteolytic 
cleavage by 2 PLG activators: tissue (tPA) and urokinase (uPA) 
plasminogen activator (Collen and Lijnen 1994; Scully et al. 
2007). Fibrinogen is a provisional extracellular matrix protein 
that is produced in the liver and is present in the circulation and 
in interstitial fluids. During tissue or vascular injury, fibrino-
gen is converted to fibrin by the enzymatic reaction of throm-
bin and then to a fibrin-based blood clot (Fig. 2). Despite fibrin 
being the main physiological substrate of plasmin, it also initi-
ates the fibrinolytic process (Cesarman-Maus and Hajjar 2005; 

Figure 1. Patients with congenital plasminogen deficiency have 
immunopathologies at many mucosal barrier sites. (A) Congenital 
plasminogen deficiency (CPD) is associated with abnormal accumulation 
of an amorphous, fibrin- and leukocyte-rich, amyloid-like substance in 
the lamina propria of mucous membranes, including the oral mucosa, 
the eyes, respiratory system, urinary and genital systems, and the 
gastrointestinal system. (B) Plasminogen (PLG)–deficient mice display an 
array of mucosal immunopathologies phenocopying the human disease, 
including ligneous conjunctivitis; periodontitis; osteoporosis; systemic 
inflammation, as denoted by enlarged submandibular lymph nodes 
(SMLN) and splenomegaly; and inflammation of the gastrointestinal 
tract—stomach ulcers, colitis-like phenotype, and rectal prolapse.
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Green et al. 2008) (Fig. 2). This is not at all surprising as the 
deposits of fibrin are meant to be a temporary matrix for stem-
ming blood loss as in the form of a blood clot or a scaffold for 
wound repair that ultimately needs to be removed in a timely 
manner.

The self-directed fibrin dissolution process is orchestrated 
by the presence of C-terminal lysine residues on fibrin, which 
are recognized by lysine binding sites located in the Kringle 
domains of PLG (Law et al. 2012) (Fig. 2). This process not 
only brings fibrin and PLG together but also enhances the pro-
teolytic conversion of PLG to plasmin by tPA and uPA by sev-
eral means. These include unfolding of the PLG Kringle 
domains to expose the activation cleavage site on PLG, scaf-
folding tPA-dependent PLG activation through mutual binding 
to fibrin, and enabling sustained pro-uPA activation by fibrin-
bound plasmin to allow for a PLG/pro-uPA feedback activation 
cycle and, finally, by the protection of plasmin from α2-
antiplasmin inhibition (Collen and Lijnen 1992; Cesarman-
Maus and Hajjar 2005; Green et al. 2008; Law et al. 2012). 
α2-Antiplasmin targets plasmin directly and thus the most 

critical fibrinolytic inhibitor. Together with a very 
high plasma level (~1 mmol/L) and half-life (~2.6 d) 
(Collen and Wiman 1979), antiplasmin ensures that 
the half-life of plasmin activity in solution is less 
than 10 ms, which significantly differs from the half-
life of the inactive proform, plasminogen (~2.2 d). 
Moreover, the association between plasmin and α2-
antiplasmin is the fastest described among the serine 
proteases and their inhibitors. However, within the 
fibrin matrix, plasmin is protected from α2-
antiplasmin inhibition and gets ample time to per-
form its proteolytic task. The fibrinolytic system is 
also under the regulation of other mechanisms that 
restrict plasmin formation. The first level of regula-
tion comes from PLG activator inhibitor (PAI) 1 
(Coleman et al. 1982; Loskutoff et al. 1983) that tar-
gets both tPA and uPA. The second level of regula-
tion is exerted by a carboxypeptidase, called thrombin 
activatable fibrinolysis inhibitor (TAFI) (Nesheim 
and Bajzar 2005). TAFI cleaves C-terminal lysine 
residues from fibrin, thus reducing the capability of 
plasminogen and tPA to bind to the fibrin surface, 
thereby inhibiting fibrinolysis.

Fibrin(ogen) is a Component  
of the Innate Immune System
Extravascular fibrin deposits in response to tissue 
damage are not exclusively formed to control hemor-
rhage but also act as a critical functional component 
in regulating the resulting inflammatory response 
(Esmon 2005, 2008). While almost all the compo-
nents of the coagulation system can clearly influence 
the inflammatory events, fibrinogen is one of the most 
potent contributors to injury-induced inflammation 
(Fig. 3). Fibrinogen and fibrin contribute to inflam-

mation by stimulating leukocyte extravasation and directly 
modulating leukocyte effector functions by acting as a local, 
spatially defined cue within damaged tissue. Fibrin(ogen) can 
exert a wide range of effects by functioning as a ligand for a 
myriad of cell surface receptors, including VE-cadherin, ICAM-
1, and the integrins αIIbβ3, α5β1, αvβ3, αMβ2, and αXβ2 
(Luyendyk et al. 2019). These cell surface receptors are 
expressed by cell types, including leukocytes, endothelial cells, 
fibroblasts, platelets, and smooth muscle cells (Luyendyk et al. 
2019), thus increasing the complexity of the inflammatory 
responses mediated by fibrin.

Several mechanisms of fibrinogen-mediated leukocyte 
migration have been proposed, and many studies highlight a 
critical role for fibrin in mediating inflammation potentially 
through recruitment of leukocytes (Luyendyk et al. 2019), but 
additional experimental validations are warranted. In addition 
to fibrin’s role in leukocyte extravasation, our team recently 
discovered that efficient migration of macrophages to sites of 
inflammation requires plasmin-mediated fibrinolysis (Silva, 
Lum, et al. 2019). Using a murine thioglycollate-induced 

Figure 2. Fibrinolysis and regulatory mechanisms. (A) While fibrin is the main 
physiological target of plasmin (Pln), fibrin also facilitates the fibrinolytic process. 
This self-directed cleavage process involves facilitating of tissue plasminogen 
activator (tPA)–mediated activation of plasminogen (PLG), enabling pro–urokinase 
plasminogen activator (uPA) activation by plasmin to allow for a PLG and pro-uPA 
feedback activation cycle and, finally, the protection of plasmin from α2-antiplasmin 
inhibition. (B) The fibrinolysis process is tightly regulated by (i) α2-antiplasmin-
mediated inactivation of Pln, (ii) plasminogen activator inhibitor 1 (PAI-1)–mediated 
inhibition of tPA and uPA, and (iii) thrombin activatable fibrinolysis inhibitor 
(TAFI)–mediated blockage of tPA and PLG scaffolding to fibrin.
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peritonitis and an in vitro macrophage migration 
model, we showed that the macrophage requirement 
for plasmin-mediated fibrinolysis, both in vivo and 
in vitro, was negated by deletion of the major 
myeloid integrin αMβ2-binding motif on the gamma 
chain of fibrin(ogen) (Silva, Lum, et al. 2019).

The deposition of extravascular fibrin(ogen) in 
and around inflammatory foci suggests a potential 
direct involvement of fibrin in mediating inflam-
matory cell effector functions. In vitro studies have 
demonstrated that fibrin induces expression of pro-
inflammatory cytokines/chemokines by endothelial 
and peripheral blood mononuclear cells, nuclear 
factor κB–mediated transcription, mitogen-acti-
vated protein kinase, and protein kinase C signal-
ing during inflammation (Luyendyk et al. 2019). 
As mentioned above, fibrin is a ligand for several 
leukocyte surface receptors. However, the role of 
fibrin(ogen) and β2 integrin engagement in modu-
lating leukocyte proinflammatory response has 
been widely supported by a growing body of data. 
Among the β2 integrin subfamily, αXβ2 (p150,95 
and CD11c/CD18) and αMβ2 (Mac-1, CD11b/
CD18, or CR3) have been identified as fibrin(ogen) 
receptors (Ugarova and Yakubenko 2001; Ugarova et al. 2003). 
This integrin family plays a central role in leukocyte function. 
Indeed, a congenital disorder affecting the expression of the 
common β2 subunit results in leukocyte adhesion deficiency 
type 1, causing profound defects in leukocyte recruitment, thus 
leading to early-onset periodontitis (Hajishengallis and 
Moutsopoulos 2014; Moutsopoulos et al. 2014). However, the 
role of fibrin(ogen) in periodontitis pathogenesis, if any, is yet 
to be clarified.

In 1988, two research groups independently identified αMβ2 
as the receptor responsible for interaction between fibrin(ogen) 
and myeloid cells (Altieri et al. 1988; Wright et al. 1988). The 
αMβ2 integrin “I-domain” within the αM subunit (Diamond  
et al. 1993; Lishko et al. 2001) engages with fibrin(ogen) resi-
dues 377 to 395 within the γ chain (“P2” site) of the D nodule 
(Ugarova et al. 1998). Further biochemical validations recog-
nized that P2 core recognition motif P2-C:γ383–395 was adequate 
for high-affinity binding (Ugarova et al. 2003).

The engagement between fibrin(ogen) and αMβ2 integrin is 
mechanistically regulated, as the fibrinogen–αMβ2 binding 
motif remains cryptic unless fibrinogen becomes immobilized 
on a surface or is converted to a fibrin polymer, so that it is not 
available when fibrinogen is in the form of a soluble monomer 
as in circulation (Lishko et al. 2002). This mechanism ensures 
that leukocyte activation by fibrinogen occurs only after fibrin-
ogen is released from circulation and deposited at sites of tis-
sue damage. A mouse model expressing a version of fibrin that 
cannot bind to αMβ2 (Fibγ390–396A) (Flick, Du, Witte, et al. 
2004) has been instrumental in discovering the role of fibrin in 
antimicrobial host defense, inflammatory arthritis, colitis, neu-
roinflammatory disease, and musculoskeletal disease (Adams 
et al. 2007; Flick et al. 2007; Vidal et al. 2008; Steinbrecher  
et al. 2010; Cole et al. 2014). In addition, there is evidence that 
fibrin(ogen) plays a role in chronic low-grade inflammation, 

such as diet-induced obesity. Fibγ390–396A mice gained signifi-
cantly less weight, developed comparatively less adipose tis-
sue inflammation, and were protected from obesity compared 
with similarly challenged wild-type mice (Kopec et al. 2017). 
Moreover, fibrin deposits play a role in bacterial clearance 
within infected organ systems. The clearance of purulent 
Yersinia pestis foci in the liver of infected hosts by neutrophils 
and macrophages was shown to be driven by fibrin deposits in 
and around the lesions (Degen et al. 2007). Likewise, 
Staphylococcus aureus clearance from the peritoneal cavity in 
Fibγ390–396A mice was reduced, suggesting a failure of 
fibrin(ogen)-driven αMβ2 innate immune cell function (Flick, 
Du, Degen, 2004).

In our recent work, we discovered another mechanism by 
which fibrin potentiates neutrophil effector functions (Silva  
et al. 2021). Fibrin engages with neutrophils via the αMβ2 bind-
ing site on the fibrin gamma chain and enhances neutrophil 
effector functions associated with antimicrobial defense, such 
as reactive oxygen species production, myeloperoxidase pro-
duction, and neutrophil extracellular trap formation (NETosis) 
(Fig. 3). NETs consist of modified chromatin “decorated” with 
bactericidal proteins from granules and cytoplasm and are 
released into the extracellular environment upon various  
triggers, mainly to act as a defensive mechanism against bacte-
ria that are too large to be engulfed (Silva, Brenchley, 
Moutsopoulos, 2019). Mucosal barrier sites are frequent 
encounters of bacteria and thus armed with a strong defense 
system to maintain mucosal homeostasis. These mechanisms, 
enhanced by fibrin–neutrophil engagement, may be beneficial 
in maintaining homeostasis at the mucosal barrier sites.

Given the proinflammatory properties of extravascular 
fibrin, it is plausible to expect exacerbated immunopathologies 
in the presence of persistent fibrin deposits. Accordingly, PLG-
deficient humans suffer from many mucosal pathologies as 

Figure 3. Fibrin is a critical regulator of mucosal immunity. Mucosal barriers are frequently 
damaged due to microbial, environmental, or mechanical stress, leading to fibrin deposition 
to stem blood loss, facilitate pathogen clearance, and repair tissue. Fibrin is proinflammatory 
and involved in immune regulatory processes, such as leukocyte migration and neutrophil 
effector function activation via the αMβ2 binding site on fibrin gamma chain. NETosis, 
neutrophil extracellular trap formation; ROS, reactive oxygen species.
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discussed above. Interestingly, PLG-deficient mice phenocopy 
the human disease and have become instrumental in under-
standing the mechanisms underlying mucosal immunopatholo-
gies (Fig. 1B). All these mucosal immunopathologies are 
corrected by imposing fibrinogen deficiency on PLG-deficient 
mice (Bugge et al. 1996; Silva et al. 2021). In addition to 
mucosal defects, PLG-deficient mice uniformly develop severe 
osteoporosis at a young age (Cole et al. 2014). Removal of 
fibrinogen from or expressing Fibγ390–396A in PLG-deficient 
mice reduced the inflammatory bone loss phenotype (Cole  
et al. 2014). In addition, in vitro analyses indicated that immo-
bilized fibrinogen plays a role in differentiating monocytes 
into osteoclasts, thereby driving bone resorption (Cole et al. 
2014). We recently showed that these fibrin-mediated homeo-
static immune responses can become pathogenic when exag-
gerated (Silva et al. 2021).

Fibrin-Mediated Neutrophil Activation 
Drives the Oral Mucosal Disease, 
Periodontitis
Sulniute et al. (2011) first showed that PLG deficiency in mice 
causes periodontitis and suggested supplementation of plasmin-
ogen as a potential therapy for treating periodontitis in PLG 
deficiency. Recently, we discovered that this PLG deficiency-
associated periodontal immunopathology is driven by persis-
tent fibrin(ogen) accumulation in the oral mucosal tissues (Silva 
et al. 2021) (Fig. 4). In the absence of plasmin-mediated fibri-
nolysis, fibrin deposits persist in the extravascular microenvi-
ronment, and neutrophils are recruited and retained in increasing 
numbers compared to other immune cell types. Interestingly, 

fibrin-mediated activation of neutrophil effector functions that 
are associated with antimicrobial defense becomes exaggerated 
and drives oral mucosal immunopathology. Indeed, we estab-
lished that NETosis drives periodontal immunopathology in the 
absence of PLG with the aid of several genetic and pharmaco-
logical models. In addition, the commensal oral microbiota 
acted as a trigger for extravascular fibrin deposition caused by 
the absence of PLG. However, the mechanism underlying this 
microbiota-driven fibrin deposition and the role of fibrin in 
bone disruption in the oral cavity is yet to be understood. 
Importantly, this fibrin–neutrophil engagement via the αMβ2 
binding site on the fibrin gamma chain contributes to immuno-
pathology in wild-type mice, suggesting a potential role for this 
pathway in common forms of periodontitis.

PLG Polymorphisms in Common 
Forms of Periodontitis
Besides several reports of monogenic disease-type cases (e.g., 
ligneous periodontitis) and associated rare loss-of-function 
variants involving the human PLG (Appendix Table 1), there is 
now evidence linking common genetic variation (i.e., SNPs) in 
the PLG locus to periodontitis. Our recent gene-centric inter-
rogation of PLG associations (i.e., 153 SNPs in the gene locus) 
with subtypes of periodontal disease (Silva et al. 2021), combined 
with an earlier report from a genome-wide association study 
(GWAS) investigating loci for aggressive and chronic peri-
odontitis (Munz et al. 2019), provides evidence in support of a 
role for PLG variation in common forms of periodontitis. This 
body of literature has implicated several SNPs in the PLG 
locus as statistically associated with periodontal end points 
(e.g., rs1247559, rs2465836, rs4252120, rs4252200), including 
severe periodontal disease and high colonization with Aggre-
gatibacter actinomycetemcomitans.

The functional or regulatory role of these polymorphisms 
remains to be empirically studied, as SNP associations reported 
by GWASs are conservatively interpreted as locus-tagging. 
Future fine-mapping, targeted sequencing, and mechanistic 
studies may reveal truly functional or regulatory roles for these 
SNPs or other neighboring or correlated variants. In publicly 
available multitissue expression data (Consortium 2020), 
rs1247559 has been reported as a quantitative trait locus 
(eQTL) associated (P = 10–7) with the expression of RP1-
81D8.4 (a pseudogene similar to PLG) in the liver. A correlated 
variant (rs1740430, R2 = 0.96) has been reported as an eQTL 
for lipoprotein a (LPA) expression in esophageal mucosa. 
Recently, Müller et al. (2023) reported evidence of interactions 
between variants rs1247559 in PLG and rs4284742 in 
SIGLEC5 (the only genome-wide significant locus of peri-
odontitis in consortium meta-analysis reported by Shungin  
et al. 2019) with the functional variant rs1122900 (a predicted 
transcription factor PRDM14 binding site) of the long noncod-
ing RNA (lncRNA) CTD-2353F22.1, also known as SLC1A3 
antisense RNA 1 (SLC1A3-AS1). This case-only investigation 
among ~900 European adults found gene–gene interactions 
(odds ratio due to interaction = 1.6) of PLG and SIGLEC5 with 
SLC1A3-AS1 that are linked to the expression of SLC1A3-AS1 

Figure 4. Proposed connection between (PLG) deficiency with 
periodontitis in rare and common forms of periodontitis. In the absence 
of PLG and/or in the common forms of periodontitis, fibrin deposits in 
the mucosa and enhances immunopathology via the engagement with 
neutrophils.
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(mostly expressed in mast cells, B cells, and dendritic cells) 
and with downstream regulatory effects on the coagulation 
cascade and on pathways involved in response to wounding 
and revascularization. Taken together, this accumulating evi-
dence implicates common variants in the PLG locus in com-
mon yet severe forms of periodontitis and sheds light onto 
plausible mechanisms at play.

Concluding Remarks
Elucidation of the genetic basis of the Mendelian forms of peri-
odontitis provides a critical understanding of the mechanisms 
underlying these disease states. This knowledge may ulti-
mately lead to the development of treatments to compensate 
for the underlying biological defects. This would be a 
gamechanger in our ability to provide care, as many affected 
individuals do not respond well to conventional periodontal 
therapies. While these conditions are rare, each of these gene 
defects provides a starting point to elucidate how the abnormal 
gene product disrupts normal homeostasis in the periodontium. 
This will allow the identification of specific biological path-
ways that are critical for the normal homeostasis, such as the 
fibrin-mediated neutrophil effector function activation, and 
can also accelerate the discovery of potential therapeutic tar-
gets. Ultimately, these findings may provide a foundation for 
gene-associated studies, as discussed above, for more com-
mon, genetically complex forms of periodontitis.
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