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1 | INTRODUCTION

Oral bacteria, and periodontal pathogens in particular, induce inflam-
mation in the gingiva. This may lead to irreversible attachment loss of
a tooth, that is, periodontitis. Despite the frequent occurrence of peri-

odontal pathogens among normal population, the degree and the
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Abstract

Objectives: This case control study examined the associations of HLA antigens and
periodontitis with the salivary level of active MMP-8 (aMMP-8).

Materials and Methods: A total of 202 subjects, registered as Swiss bone marrow
donors, participated in the study. HLA-A, -B, and -C types were determined by serol-
ogy or PCR. Saliva samples were collected from subjects, followed by a periodontal
examination. The salivary level of aMMP-8 was determined with immunofluorometric
assay.

Results: The mean salivary level of aMMP-8 was directly comparable to the grade of
periodontitis and increased from healthy to mild/moderate to severe (125.0 + 132.1,
200.6 + 170.2, 290.1 + 202.3 ng/ml; p < 0.001 between each group, respectively).
The only association between the HLA types and the salivary level of aMMP-8 was
observed in subjects with HLA-A11. Subjects with healthy periodontium and HLA-
A11 had a lower level of aMMP-8 (49.2 + 32.5 ng/ml) compared with subjects with-
out HLA-A11 (123.6 + 119.2; p = 0.048). Among subjects with periodontitis, a higher
level of aMMP-8 (394.2 + 255.6 ng/ml) was observed in subjects with HLA-A11
compared with subjects without HLA-A11 (201.1 + 146.1 ng/ml; p < 0.002). This
finding was statistically significant also after adjusting for sex, age, smoking, tooth
brushing and the number of medications (p < 0.05).

Conclusions: HLA-A11 is associated with the salivary level of aMMP-8 which con-

tributes to the subject's immune and inflammatory response in periodontium.

KEYWORDS
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development of periodontal disease vary from a completely healthy
periodontium to mild, slowly progressing periodontitis and even to
necrotizing periodontitis (Tonetti et al., 2018). Thus, in the pathogene-
sis of periodontitis, synergistic effects of various causative factors-
such as lifestyle factors including smoking and oral healthcare habits,

as well as comorbidities for example, diabetes-have been postulated
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(Loos & Van Dyke, 2020). Moreover, the susceptibility to periodontitis
has been observed to be partly determined by a genetic predisposition
(Loos & Van Dyke, 2020).

Recognition of the antigens of periodontal pathogens is crucial for
an immune response. The binding of peptide fragments of foreign pro-
teins for presentation to antigen-specific T cells is the principal function
of the major histocompatibility complex also known as the human leu-
kocyte antigen (HLA) complex (Kumar et al., 2018). The HLA system is
highly pleomorphic. Each individual inherits one HLA allele from each
parent and typically expresses two different molecules of every loci
which fall into two major classes: Class | molecules (HLA-A, HLA-B, and
HLA-C) expressed on virtually all nucleated cells and Class Il molecules
(HLA-DP, -DQ, and -DR) expressed mainly on antigen presenting cells,
namely dendritic cells, macrophages, Langerhans cells and B cells
(Kumar et al., 2018). In addition to the antigen presenting cells, also
other cells, including endothelial cells, fibroblasts, and possibly neutro-
phils can be induced to express Class Il molecules (Vono et al., 2017).
Since the 1970s, studies have been conducted to determine the associ-
ations of HLA Classes | and Il antigens with periodontitis, and several
associations of HLA alleles with different forms of periodontitis have
already been observed. At least HLA-A9, —A11, —A29, —B14, -B15,
and —DR4 have been observed to be associated with susceptibility for
periodontitis, whereas HLA-A2 and -B5 are potentially protective
against periodontitis (Machulla et al., 2002; Stein et al., 2008).

Many inflammatory cells secrete matrix metalloproteinases
(MMPs). In periodontitis, genetically distinct but structurally related
MMPs degrade almost all extracellular matrix components. Elevated
levels of active collagenase MMP-8 (aMMP-8) in particular have been
shown to be associated with periodontitis and accelerated disease
progression (Al-Majid et al., 2018; Sorsa et al., 2020). It is noteworthy,
that especially aMMP-8 but not total or latent MMP-8 has been impli-
cated as a successful biomarker for periodontitis (Sorsa et al., 2020;
Tonetti et al., 2018). Thus, an aMMP-8 point-of-care/chair-side test
has recently been developed for diagnosing and monitoring periodon-
tal diseases and therapy as well as for identifying genetic susceptibility
to periodontitis (Alassiri et al., 2018; Heikkinen et al., 2016; Rat-
hnayake et al., 2017; Sorsa et al., 2020). In addition to periodontitis,
recent studies have shown aMMP-8 to be associated with chronic
inflammation and inflammatory diseases including obesity, rheumatoid
arthritis and cardiovascular diseases (Ayravainen et al., 2018; Lauhio
et al., 2016; Tuomainen et al., 2014). Furthermore, aMMP-8 has been
observed to be associated with an elevated C-reactive protein level
among subjects with the diabetes risk genotype HLA-DQ2/8
(Odermarsky et al., 2018).

To date, this is the first study that aims to examine the associa-
tions of the salivary level of aMMP-8 with HLA Class | (HLA-A and
—B) and Class Il (HLA-DRB) alleles among subjects with or without
periodontitis. Furthermore, the study aims to confirm and further
extend from the previous findings concerning the associations of the
salivary level of aMMP-8 with periodontitis in a normal population
volunteered and listed in Swiss bone marrow registry. The hypothesis
is that the HLA types previously shown to be related to periodontitis
are also associated with salivary aMMP-8.
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2 | MATERIALS AND METHODS

2.1 | Ethical consideration

This prospective case-control study was approved by the Ethics Com-
mittee of Basel, Switzerland (Ethikkommission beider Basel, Ref.
Nr. EK:357/08). The study has been conducted according to the prin-
ciples expressed in the Declaration of Helsinki, 1975, and a written

informed consent was obtained from each subject.

2.2 | Study subjects and HLA typing

The study subjects were recruited from the Swiss bone marrow donor
registry by sending an invitation letter once to the subjects randomly
selected from the register of The Blood Transfusion Service SRC
Basel, Switzerland. All adult (>18 years) subjects who volunteered to
participate in the study were included, resulting in a total of 202 sub-
jects. None of the volunteers were excluded by the predefined criteria
of congenital or acquired heart valve diseases or high-dose immuno-
suppressive treatments that would have been indications for antibi-
otic prophylaxis prior to the clinical examination. For the bone
marrow donor register, the HLA types of the participants were already
determined as follows: 1. HLA-A and -B types were determined by
serology, that is, by microlymphocytotoxicity using the Biotest AB120
trays (Biotest AG, Dreieich, Germany). 2. HLA-DRB1 types were
obtained by PCR-sequence-specific oligonucleotide probe hybridiza-
tion using commercial reagents (bioMérieux, Lyon, and One Lambda,
Ingen, France). Because the majority of donors included in the study
had only been tested by DRB1 generic typing, only low resolution
level data (two digits) were considered in the present analysis.

2.3 | Clinical oral examinations
Anamnestic data collected for this study included tobacco smoking (cur-
rent, former, never), the use of medications (n) and oral hygiene habits
(tooth brushing frequency: >1 times/day, once/day, <once/day).

The clinical oral examinations of the patients were carried out by
M. M. between 2008 and 2010. Prior to any other procedures, stimu-
lated whole saliva was collected as previously described (Mauramo
et al., 2014). Thereafter, a complete clinical periodontal status includ-
ing probing pocket depth and clinical attachment level measurement
(CAL) from six sites/tooth was performed with a pressure calibrated
periodontal probe. Periodontitis was classified to severe, moderate,
mild or no periodontitis according to the Center for Disease Control
and Prevention and the American Academy of Periodontology (Eke
et al,, 2012; Tonetti et al., 2018). Briefly, periodontitis was diagnosed
severe if 22 interproximal sites with CAL 26 mm and = 1 interproximal
sites with PPD 25 mm; moderate if 22 interproximal sites with CAL
>4 mm or 2 2 interproximal sites with PPD 25 mm; and mild if 22
interproximal sites with CAL =3 mm and 2 2 interproximal sites with

PPD 24 mm or = 1 interproximal sites with PPD 25 mm.
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24 | aMMP-8 analysis
The mean salivary level of aMMP-8 was determined with time-

resolved immunofluorometric assay as previously described
(Hanemaaijer et al., 1997; Heikkinen et al., 2010). The monoclonal
MMP-8-specific antibodies 8708 and 8706 (Medix Biochemica Oy
Ab, Espoo, Finland) were used as a catching and tracer antibody,
respectively. Europium chelate was used to label the tracer antibody.
The samples were diluted in assay buffer containing 20 mM Tris-HClI,
pH 7.5; 0.5 M NaCl; 5 mM CaCl2; 50 pM ZnCI2; 0.5% bovine serum
albumin; 0.05% sodium azide; and 20 mg/L diethylenetriamine pen-
taacetic acid and incubated for 1 h followed by incubation for 1 h with
the tracer antibody. Enhancement solution was added, and after
5 min, the fluorescence was measured (1234 Delfia Research Fluo-
remeter; Wallac, Turku, Finland), and the levels of aMMP-8 were

expressed as microgram per liter (mg/L).

2.5 | Statistical analysis

Subjects were grouped according to periodontal health: 1. healthy
periodontium or 2. periodontitis which was further divided according
to the grade of periodontitis. Grade “mild” (n = 5) was combined with
grade “moderate” periodontitis. Differences in the descriptives
between subjects with healthy periodontium compared with subjects
with periodontitis were statistically tested (t-test or chi-square). The
association of the mean salivary level of aMMP-8 with periodontitis
was determined with non-parametric Kruskal-Wallis tests. In the next
phase, the mean salivary level of aMMP-8 was compared separately
within the healthy periodontium group and the periodontitis group
between subjects with or without a certain HLA-A, -B or -DRB allele
(Mann-Whitney U test). Furthermore, to adjust for confounding fac-
tors (sex, age, tobacco smoking, number of medications and oral
hygiene habits), a separate multivariate general linear model
(ANCOVA) was conducted. p-value of <0.05 was considered as statis-
tically significant. SPSS (version 25; IBM) was used for conducting the
statistical analyses.

3 | RESULTS

3.1 | Salivary level of aMMP-8 and periodontitis

Of the 202 subjects, 86 subjects had a healthy periodontium and
116 subjects had periodontitis of which 83 had mild or moderate and
33 severe grades of periodontitis. Sex, age, the number of medica-
tions, the most frequent/common? diseases, smoking and tooth brus-
hing frequency of the subjects according to periodontium health are
presented in Table 1. In general, subjects with a healthy periodontium
were younger (mean age: 42.9 vs. 48.2 years, p < 0.001) and more
often female (68.6% vs. 52.6%, p = 0.03) compared with subjects with
periodontitis, respectively. There was also a statistically significant dif-

ference in the prevalence of self-reported asthma (16.3% vs. 6.0%,
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p = 0.02) and hypertension (3.5% vs. 15.5%, p = .009) between the
subjects with a healthy periodontium compared with subjects with
periodontitis.

The salivary level of active MMP-8 was statistically significantly
associated with periodontitis. The mean salivary level of aMMP-8
increased according to the grade of periodontitis from healthy
(1250+ 1321 ng/ml) via mild or periodontitis
(200.6 + 170.2 ng/ml) to severe periodontitis (290.1 + 202.3 ng/ml); the
p-value between groups <0.001. Figure 1.

moderate

3.2 | Associations of HLA types with aMMP-8
Associations of HLA Classes | and Il with the mean salivary level of
aMMP-8 were analyzed separately according to the health of per-
iodontium (healthy periodontium or periodontitis). Thirteen HLA-A,
17 HLA-B, and 10 HLA-DR types were included in the analysis (Sup-
plementary Tables 1, 2 and 3). Contrasting findings concerning the
association between HLA-A11 and periodontal status were observed.
Subjects with a healthy periodontium and HLA-A11 had a lower mean
salivary level of aMMP-8 (49.2 + 32.5 ng/ml) compared to subjects
without HLA-A11 (123.6 + 119.2; p = 0.048). However, subjects with
periodontitis and HLA-A11 had a higher mean salivary level of
aMMP-8 (394.2 + 255.6 ng/ml) compared to subjects without HLA-
A11(201.1 + 146.1 ng/ml; p = 0.002). Figure 2.

In the general linear model, the association of HLA-A11 with the
salivary level of aMMP-8 remained statistically significant (p < 0.05)
among subjects with periodontitis when sex, age, smoking, tooth brus-
hing and the number of medications were adjusted for (Estimated
marginal means: HLA-A11 neg: 200.7, 95%Cl: 168.3-233.1; HLA pos:
398.1, 95%Cl: 287.1-509.1). However, after adjusting for con-
founders, the association of HLA-A11 with aMMP-8 among subjects
with healthy periodontium was no more statistically significant.

HLA-B and HLA-DRB types had no associations with the salivary
level of aMMP-8 in subjects with healthy periodontium or periodonti-
tis (all p-values >0.05; Supplementary Tables 2 and 3).

4 | DISCUSSION

Several important associations of HLA types with inflammatory dis-
eases have been confirmed over the last decades. HLA alleles have
been shown to contribute to the pathogenesis of type 1 diabetes,
multiple sclerosis, celiac diseases, systemic lupus erythematosus, rheu-
matoid arthritis and spondyloarthritis, among others (Kumar
et al., 2018). Several attempts have also been made to reveal associa-
tions of HLA types with periodontitis, and several different HLA types
have been shown to increase susceptibility for periodontitis (Stein
et al., 2008). This is the first study on the associations of HLA types
with the salivary level of active MMP-8 in periodontitis. HLA-A11 was
associated with a higher salivary level of aMMP-8 in subjects with
periodontitis. In line with the hypothesis and the results of this study,
HLA-A11 allele has been observed to be more common among a
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Healthy (n = 86)

Sex Male, n (%) 27 (31.4)
Female, n (%) 59 (68.6)

Age Mean (range) 42.9 (25-57)*

Number of medications Mean (range) 0.3 (0-2)

Astma n (%) 14 (16.3)*

Diabetes (T2) n (%) 0

Hypertension n (%) 3(3.5)*

Reumatic dis. n (%) 2(2.3)

Smoking Never, n (%) 52 (60.5)
Former, n (%) 21 (24.4)
Current, n (%) 13 (15.1)

Tooth brushing >1 times/day, n (%) 73 (84.9)
1 times/day, n (%) 12 (14.0)
<1times/day, n (%) 1(1.1)

Periodontitis grade Mild, n (%) —
Moderate, n (%) —
Severe, n (%) —

*p < 0.05.
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FIGURE 1 The salivary levels of active collagenase matrix

metalloproteinases-8 (aMMP-8) according to grade of periodontitis.
The box plot represents mean, first and third quartiles, and maximum
and minimum values, with the exceptions of outliers (circles: third
quartile +1.5*interquartile range); ***correspond to p < 0.001 (healthy
vs. mild/moderate or severe grades of periodontitis)

comparable population of German subjects with rapidly progressive
and adult periodontitis (Machulla et al., 2002).

Of the various inflammatory proteins present in saliva, aMMP-8
has been shown to be a specific and sensitive biomarker of periodon-
titis, and has been implicated to be used as a biomarker of the disease

in the new periodontitis disease classification (Alassiri et al., 2018;
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TABLE 1 Descriptives of the
subjects with healthy periodontium and
subjects with periodontitis

Periodontitis (n = 116)
55 (47.4)
61 (52.6)
48.2 (29-56)*
0.5 (0-5)
7 (6.0)*

3(2.6)
18 (15.5)*
2(1.7)
58 (50.0)
38(32.8)
21(17.2)
97 (83.6)
20 (16.4)

5(4.3)
79 (67.5)
33(28.2)

Al-Majid et al., 2018; Rathnayake et al., 2017; Sorsa et al., 2020; Ton-
etti et al., 2018). In keeping with previous results, also in the current
study, the salivary level of active MMP-8 was clearly associated with
periodontitis and its grade. The mean salivary level of aMMP-8
increased according to the periodontitis grade from healthy to mild or
moderate and to severe periodontitis. In this study, subjects with a
healthy periodontium where younger and more often female. This is
in line with several epidemiological studies which have demonstrated
periodontitis to be more common among male and elderly people (Eke
et al., 2015). Furthermore, MMP-8 has been shown to be associated
with periodontitis among both sexes and even in pediatric population,
and thus, these differences between the groups are as expected, and
insignificant in this context (Alfant et al., 2008).

The pathogenesis of periodontitis is a process with acute and
chronic phases and overlapping and simultaneous effects of innate
and acquired immunity. Acquired immunity, in particular, relies on
class Il HLA antigens expressed on antigen presenting cells and T- and
B-lymphocytes, whereas in acute inflammation polymorphonuclear
leukocytes, possessing mainly class | HLA antigens, are particularly
abundant. In line with this, both Classes | and Il HLA antigens have
been shown to be associated with periodontitis (Stein et al., 2008).
MMP-8, also known as neutrophil collagenase, is assumed to be
released mainly by polymorphonuclear leukocytes for example, neu-
trophils during an acute phase of inflammation. However, fibroblasts,
endothelial cells and monocytes/macrophages can also express and
produce MMP-8 (Herman et al., 2001; Wen et al., 2015). Further-
more, monocytes which contribute mainly to innate immune response,
have been shown to overexpress HLA-DR molecules in periodontitis
(Almubarak et al., 2020). However, this study could not demonstrate

any associations of HLA-B and HLA-DRB types with the salivary level
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FIGURE 2 The salivary levels (a)

of active collagenase matrix
metalloproteinases-8 (aMMP-8) 500,0
in subjects with or without
periodontitis and HLA-A11. The
box plot represents mean, first
and third quartiles, and maximum
and minimum values, with the
exceptions of outliers (circles:
third quartile +1.5*interquartile
range); *correspond to p < 0.05
and ***correspond to p < 0.001
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of aMMP-8 among subjects with or without periodontitis. This might
reflect the multicausal pathophysiology of periodontitis with over-
lapping etiological factors, including chronic inflammatory diseases,
smoking, direct bacterial insults and a variety of host derived pro-
inflammatory cytokines (e.g., interleukin-17, interferon-gamma, tumor
necrosis factor) and proteinases (Slots, 2017).

Periodontitis and other chronic inflammatory diseases are known
to share similarities in their pathogenic features and genetic predispo-
sition. In particular, rheumatoid arthritis (RA) and periodontitis are fre-
quently associated with each other and they share similar
inflammatory and tissue destruction processes (Ceccarelli et al., 2019).
Furthermore, both RA and periodontitis have been shown to be asso-
ciated with HLA-DRB*1 (Ceccarelli et al., 2019). In subjects with RA,
the serum level of aMMP-8 has been shown to be elevated, similarly

to what is observed in subjects with periodontitis (Ayraviinen

All

et al., 2018; Mirrielees et al., 2010). Patients with RA and periodontitis
have been shown to exhibit increased levels of aMMP-8 in gingival
crevicular fluid compared with systemically healthy subjects with peri-
odontitis (Kirchner et al., 2017). In this study, only four subjects had a
self-reported rheumatic disease and they were equally distributed
according to the state of periodontium: two with healthy per-
iodontium and two with periodontitis. The mean salivary level of
aMMP-8 was higher among the two subjects with rheumatic disease
and periodontitis compared with the two with rheumatic disease and
healthy periodontium (382.7 vs. 75.0 ng/ml). However, within the
limits of this study, the effect of rheumatic disease on the salivary
MMP-8 level could not be adequately studied and more extensive
studies are needed to confirm the previous results.

Particularly interesting is that studies have shown the frequency
of HLA-A11 allele to be more common in subjects with rheumatoid
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arthritis and non-specific polyarthritis (Bhatia et al., 1988; Tsuchiya
et al., 2001; Vaterlaws et al., 1989). In contrast, HLA-A11 has been
observed to be less common in subjects with psoriatic arthritis com-
pared with healthy controls (Schneeberger et al., 2015). In this study,
HLA-A11 frequency was different in relation to the mean salivary
level of aMMP-8 among subjects with or without periodontitis. In
subjects with periodontitis, a higher level of salivary aMMP-8 was
observed among subjects with HLA-A11, whereas in subjects with
healthy periodontium, a lower level of salivary aMMP-8 was observed
among subjects with HLA-A11. However, the latter association of
HLA-A11 with the salivary level of aMMP-8 among subjects with
healthy periodontium was only borderline statistically significant
(b = 0.048), and lost the statistical significance when confounding fac-
tors were adjusted for. However, the differing association of HLA-
A11 with the salivary level of aMMP-8 according to the health of the
periodontium, as well as the differing association of HLA-A11 with
different forms of arthrosis (rheumatoid vs. psoriatic) are peculiar and
might be partly explained by concurrent effects of HLA class | and Il
molecules. In accordance with this hypothesis, a previous study has
shown HLA-A11 to be associated with a more severe phenotype of
RA if in combination with DRB1*0405 (Tsuchiya et al., 2001). A limita-
tion of this study is that HLA polymorphism in an unselected popula-
tion results in a wide variety of HLA types, and thus the associations
of different combinations of different HLA types could not be studied
with this number of subjects. Only three subjects with periodontitis
had the combination of HLA-A11 and DRB1*04. In this small group of
subjects, the salivary level of aMMP-8 was high (mean 494 ng/ml),
but proper assessment of HLA types in combinations warrants further
studies with a higher number of subjects and/or with participants pre-
selected according to HLA types.

In conclusion, this is the first study to demonstrate HLA-A11 to
be associated with an elevated level of aMMP-8, predisposing sub-
jects to periodontitis. This study also confirms the previous studies
showing that the salivary aMMP-8 level reflects the grade of peri-
odontitis and can be used as an adjunctive diagnostic tool and bio-

marker to assess periodontitis.
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