
https://helda.helsinki.fi

Common complement factor H polymorphisms are linked with

periodontitis in elderly patients

Salminen, Aino

2022-11

Salminen , A , Pietiäinen , M , Paju , S , Sorsa , T , Mäntylä , P , Buhlin , K , Sinisalo , J &

Pussinen , P J 2022 , ' Common complement factor H polymorphisms are linked with

periodontitis in elderly patients ' , Journal of Periodontology , vol. 93 , no. 11 , pp. 1626-1634

. https://doi.org/10.1002/JPER.22-0005

http://hdl.handle.net/10138/356059

https://doi.org/10.1002/JPER.22-0005

cc_by

publishedVersion

Downloaded from Helda, University of Helsinki institutional repository.

This is an electronic reprint of the original article.

This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.



Received: 3 January 2022 Revised: 25 February 2022 Accepted: 4 March 2022

DOI: 10.1002/JPER.22-0005

ORIG INAL ARTICLE

Common complement factor H polymorphisms are linked
with periodontitis in elderly patients

Aino Salminen1 Milla Pietiäinen1 Susanna Paju1 Timo Sorsa1

Päivi Mäntylä2,3 Kåre Buhlin1,4 Juha Sinisalo5 Pirkko J. Pussinen1

1Oral and Maxillofacial Diseases,
University of Helsinki and Helsinki
University Hospital, Helsinki, Finland
2Institute of Dentistry, University of
Eastern Finland, Kuopio, Finland
3Oral and Maxillofacial Diseases, Kuopio
University Hospital, Kuopio, Finland
4Division of Periodontology, Department
of Dental Medicine, Karolinska Institutet,
Huddinge, Sweden
5Heart and Lung Center, Helsinki
University Hospital, Helsinki, Finland

Correspondence
Aino Salminen, Oral and Maxillofacial
Diseases, University of Helsinki and
Helsinki University Hospital, P.O. Box 63,
00014 University of Helsinki, Finland.
Email: aino.m.salminen@helsinki.fi

Abstract
Background: In our recent genome-wide association study, we found that
genetic polymorphisms in the complement factor H (CFH) gene and S100A gene
region are strongly associated with serum matrix metalloproteinase 8 (MMP-8)
concentration and the release ofMMP-8 fromneutrophils. AsMMP-8 is centrally
involved in the pathogenesis of periodontitis, we aimed to evaluate the presence
of genetic polymorphisms of S100A8/A9/A12,MMP8, and CFH in periodontitis.
In addition, we studiedwhether polymorphisms of these genes affect the concen-
trations of S100A8, S100A12, MMP-8, or complement activationmarker in saliva.
Methods: We genotyped four single-nucleotide polymorphisms (SNPs,
rs1560833 in S100A8/A9/A12, rs11225395 in MMP8, rs800292 in CFH, and
rs1061170 in CFH) and measured salivary concentrations of S100A8, S100A12,
MMP-8, and terminal complement complex (TCC) in the Parogene cohort
(n = 508). The cohort was composed of patients with an indication to coronary
angiography and all underwent a clinical and radiographic oral examination.
Results: CFH polymorphisms rs800292 and rs1061170 were associated with peri-
odontal parameters. None of the polymorphisms showed association with sali-
vary proteins. However, salivary concentrations of S100A8, S100A12,MMP-8, and
TCC were strongly associated with the number of periodontal pockets and alve-
olar bone loss.
Conclusion: Interestingly, genetic variants of CFH,MMP8, and S100A8/A9/A12
gene regions did not affect salivary levels of measured proteins. However, saliva
levels of S100A8, S100A12, MMP-8, and TCC, and CFH polymorphisms were
associatedwith clinical and radiographic signs of periodontitis. Our study further
supports the observations that any dysregulation of complement may increase
the risk of inflammatory disorders, such as periodontitis.
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1 INTRODUCTION

Periodontitis is initiated by disturbances in the dental
biofilm and host homeostasis.1 The host response against
the microorganisms leads to local and systemic inflam-
mation, and, eventually, to degradation of the tissues sur-
rounding teeth. The dysregulation of the host response
by periodontal bacteria leads to destructive inflammation,
which results in the symptoms of periodontitis such as the
formation of periodontal pockets.1
The complement system is a network of interacting

molecules that trigger, amplify, and regulate the immune
and inflammatory response.2 Dysregulation of the com-
plement system can destabilize host-microbe homeostasis
and cause inflammatory tissue damage.1,2 Evidence from
numerous studies shows that the activation of complement
is implicated in the pathogenesis of periodontitis.1 Contin-
uous complement activation and modulation by bacteria
within the biofilm may enhance local tissue destruction,
leading to formation of periodontal pockets, alveolar bone
loss (ABL), and, eventually, loss of teeth.
Complement factor H (CFH) is an important inhibitory

regulator of the alternative pathway of complement.3 Sev-
eral genetic polymorphisms have been detected in the gene
of CFH. Two single-nucleotide polymorphisms (SNPs),
rs800292 and rs1061170, are extensively studied since they
lead to changes in the amino acid sequence of the CFH
protein and have functional consequences.4,5 The preva-
lence of the minor alleles of these SNPs in a Finnish popu-
lationwere 30% for rs800292 and 43% for rs1061170,making
them relatively common.6 Both SNPs are strongly associ-
ated with the risk of age-related macular disease (AMD),
which is an inflammatory disease characterized by com-
plement hyperactivity and tissue destruction.4,7 The effect
of these polymorphisms on other destructive inflamma-
tory diseases, such as periodontitis, is not known.
S100 calcium-binding proteins A8, A9, andA12 (S100A8,

S100A9, and S100A12) are important proinflammatory
mediators expressed mainly by neutrophils in various
inflammatory reactions.8,9 They activate Toll-like recep-
tors, induce cytokine secretion, and enhance particularly
the innate immune response.8,9 In recent years, saliva
S100A8 and S100A9 have been shown to be promising
biomarkers for periodontitis.10–12 In addition to saliva, also
systemic concentration of the S100A8/A9 complex (calpro-
tectin) was higher in aggressive periodontitis patients.11,13
Polymorphisms in S100A8 gene were also associated with
aggressive periodontitis.13 According to our knowledge,
there are no other previous studies on the association
between genetic polymorphisms of S100A8, S100A9, or
S100A12 and periodontitis.
The terminal complement complex (TCC), also known

as membrane attack complex (MAC) or terminal C5b-9

complex, is composed of proteins that assemble on the
cell membranes of pathogens as a result of the activation
of the complement system. Assembly of the TCC leads
to pores that disrupt the cell membrane of target cells,
leading to pathogen cell lysis and death. TCC concentra-
tion reflects the activation of complement, irrespective of
the initial complement pathway involved; therefore, it is
suitable for general evaluation of complement activation.
When the basic MAC structure associates with regulatory
proteins, its insertion into lipid bilayers is inhibited and
soluble MAC is formed.14 Soluble MAC can be measured
from plasma, urine, cerebrospinal fluid, or joint fluid.
Enhanced expression and activation of matrix metallo-

proteinase 8 (MMP-8) is one of the key factors responsible
for tissue degradation during periodontitis.15 Elevated lev-
els of MMP-8 are found in the saliva and gingival crevic-
ular fluid as well as in the circulation of periodontitis
patients.15 We recently found in our genome-wide associ-
ation study that genetic polymorphisms in the CFH gene
and in S100A8/S100A9/S100A12 gene region are strongly
associated with serum MMP-8 concentrations.6 These
polymorphisms lead to enhanced release of MMP-8 from
neutrophils.6 Moreover, polymorphism in the promoter
region of the MMP8 gene is associated with the expres-
sion of MMP8.16 As MMP-8 is a central mediator of tissue
destruction in periodontitis, genetic polymorphisms that
affect its gene expression or its release from the cells might
affect the individual’s susceptibility to periodontal disease.
The aim of our study was to evaluate the presence

of S100A8/A9/A12, MMP8, and CFH polymorphisms in
periodontitis and to find out if polymorphisms of these
genes affect the concentrations of corresponding proteins
or marker of complement activation in saliva.

2 MATERIALS ANDMETHODS

2.1 Study subjects

The details of the Parogene study cohort, sample size
estimation, and inclusion and exclusion criteria have
been described earlier.17 The general purpose of the Paro-
gene study was to investigate the association between
cardiovascular disease and oral health concentrating on
periodontitis.18 The Parogene study was a substudy of
the Corogene study. The Corogene study was conducted
in Helsinki University Hospital and included 5295 symp-
tomatic Finnish patients assigned to undergo coronary
angiography.17 Blood samples were drawn from the arte-
rial line during the angiogram and serum was prepared
according to the laboratory standards of the Helsinki Uni-
versity Hospital. All study subjects signed an informed
consent form, and the study was approved by the ethics

 19433670, 2022, 11, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/JPE

R
.22-0005 by U

niversity O
f H

elsinki, W
iley O

nline L
ibrary on [06/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1628 SALMINEN et al.

committee of the Helsinki University Hospital (426/E5/05,
205/E0/2007, 52/2016, 1203/2016, and 187/E5/07).

2.2 Oral examination

Ten percent of the Corogene study participants were ran-
domly selected to be invited to participate in the Paro-
gene study. Parogene subjects were examined by periodon-
tal specialists. The examination included a detailed clinical
and radiographic oral examination and saliva sample col-
lection. Probing pocket depths (PPDs)weremeasured from
six sites of each tooth and bleeding on probing (BOP) and
suppuration were registered from four sites of each tooth.
In addition, furcation lesions, mobile teeth, mucosal find-
ings, and caries were registered. The extent of ABL was
evaluated frompanoramic radiographs as described earlier
and categorized into no, mild, moderate, severe, or total
bone loss.18 The dentate subjects were divided into two
groups based on their periodontal status: 346 subjects with
no or mild periodontitis (<4 sites with PPD of ≥4 mm,
no ABL or mild ABL) and 131 subjects with moderate to
severe periodontitis (at least four sites with PPD of ≥4 mm
and ABL frommoderate to severe). In addition, there were
30 edentulous subjects. The total number of subjects avail-
able for the study is 507.

2.3 Saliva sample collection

At the beginning of the oral examination, the participants
chewed a piece of paraffin for 5 minutes and at least 2 mL
of stimulatedwhole salivawas collected. The sampleswere
stored at −70◦C until analyses.

2.4 DNA isolation and genotyping

DNA used in SNP genotyping was previously extracted
from the saliva pellets.19 SNP analyses were performed
with TaqMan SNP genotyping assays1. Reactions con-
tained 1x TaqMan genotyping master mix2, 1x Taqman
genotyping assay, and 20 ng template DNA in the total
volume of 25 μL. Reactions were run according to manu-
facturer’s instructions with a qualitative polymerase chain
reaction (qPCR) system3.

1 C___2530382_10 for rs800292, C___9626217_10 for rs1560833, and
C___1366493_10 for rs11225395, Applied Biosystems, Thermo Fisher Sci-
entific, Waltham, MA, USA
2 Platinum Superfi PCR Master Mix, Thermo Fisher Scientific, Waltham,
MA, USA
3Mx3000P qPCR System, Agilent, Santa Clara, CA, USA

Rs1061170 genotyping was performed with con-
ventional PCR and restriction analysis. PCR reac-
tions contained 500 nM primers (forward primer:
5′-CCTTTGTTAGTAACTTTAGTTCGTCTT-3′, reverse
primer: 5′-CCAAAAACTAAATAGGTCCATTGGT-3′),
1x PCR master mix4, and 1 μL of template DNA. Total
volume of the reactions was 20 μL. Thermal protocol
included following steps: initial denaturation 98◦C 30 sec-
onds, denaturation 98◦C 10 seconds, annealing 63.5◦C
10 seconds, extension 72◦C 15 seconds (30 cycles), and
final extension 72◦C 5 minutes. For restriction enzyme
digestions, 10 μL of 1x green buffer containing 0.8 μL TasI
enzyme5 was added to the PCR reactions. Samples were
incubated 10 minutes in 65◦C and run on 2% agarose gel.
The 500 bp PCR product with allele T had four restriction
sites and allele C three restriction sites for TasI.

2.5 Analyses of salivary S100A8,
S100A12, TCC, andMMP-8

Concentrations of S100A8, S100A12, and TCC were deter-
mined from thawed saliva samples by commercial enzyme-
linked immunosorbent assay (ELISA) kits6,7,8 according
to the manufacturers’ instructions. Saliva MMP-8 concen-
trationwasmeasuredwith a time-resolved immunofluoro-
metric assay (IFMA) in our previous study.20

2.6 Statistical analysis

The concentrations of salivary proteins were logarithmi-
cally transformed as they had skewed distributions. For
determining high BOP levels and high periodontal pocket
numbers, the subjects with BOP or more than zero pock-
ets were divided into tertiles. The highest tertile was used
as the test group and the two lowest tertiles as the reference
group. For BOP, the cutoff valuewas 44%, for the number of
pockets with PPD 4 to 5 mm the cutoff was 17 pockets, and
for the number of pockets with PPD ≥6 mm the cutoff was
seven pockets. Concentrations of proteins were compared
between subgroups of patients divided according to peri-
odontal parameters, smoking status, diabetes, and coro-
nary artery disease (CAD) status by Kruskal-Wallis test.
Frequencies of periodontal conditions, diabetes, and CAD
were compared between genotype groups by chi-squared

4 Platinum Superfi PCRMaster Mix, Thermo Fisher Scientific, Waltham,
MA, USA
5 FastDigest TasI enzyme, Thermo Fisher Scientific, Waltham, MA, USA
6Human terminal complement complex (TCC) ELISA kit, Hycult
Biotech, Uden, The Netherlands
7 S100A8 ELISAKit (Human), Aviva System Biology, San Diego, CA, USA
8 S100A12 ELISA Kit (Human), Aviva System Biology, San Diego, CA,
USA
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SALMINEN et al. 1629

TABLE 1 Characteristics of the study sample

No – mild
periodontitis

Moderate – severe
periodontitis

N (%)
Sex
Male 215 (61.8) 98 (74.8)
Female 132 (38.2) 33 (25.2)

Smoking
No 188 (54.3) 40 (30.5)
Ex 130 (37.6) 62 (47.3)
Current 28 (8.1) 29 (22.1)

CAD
No 116 (33.5) 28 (21.4)
Yes 227 (66.2) 103 (78.6)

Diabetes
No 269 (77.7) 94 (71.8)
Yes 70 (20.2) 37 (28.2)

Alveolar bone loss
No 114 (32.9) 0
Mild 215 (62.1) 0
Moderate 14 (4.0) 107 (81.7)
Severe-total 3 (0.9) 24 (18.3)

Mean (SD)
Age (years) 62.1 (9.60) 65.4 (7.48)
BMI (kg/m2) 28.0 (5.09) 27.6 (5.24)
Number of teeth and implants 22.6 (7.11) 18.1 (7.50)
BOP (%) 33.6 (16.4) 47.5 (32.4)
Number of pockets with PPD 4 to 5 mm 10.4 (10.9) 21.2 (15.3)
Number of pockets with PPD ≥6 mm 1.11 (2.71) 9.44 (13.6)

Abbreviations: BMI, body mass index; BOP, bleeding on probing; CAD, coronary artery disease; PPD, probing pocket depth; SD, standard deviation.

test. Association between SNP genotypes and periodontal
parameters were analyzed by logistic regression adjusted
for age, sex, smoking, diabetes, and the number of teeth.
Edentulous individuals were excluded from the analyses of
periodontal parameters. A similar logistic model was used
to analyze the association between periodontal parame-
ters and salivary concentrations of S100A8, S100A12, and
TCC. Associations between SNP genotypes and salivary
protein concentrations were analyzed with linear regres-
sionmodeling adjusted for age, sex, smoking, diabetes, and
the number of teeth. An additive model for SNP genotypes
was used in all regression models.

3 RESULTS

Characteristics of the periodontitis groups (no to mild and
moderate to severe periodontitis) are presented in Table 1.
Twenty-seven percent of the participants had moderate to
severe periodontitis. The mean age of the study sample

was 63 years, and 65% of them were male. In the moder-
ate to severe periodontitis group, themean age was slightly
higher than in the no to mild periodontitis group. The
mean number of teeth was 23 in the no to mild periodon-
titis group and 18 in the moderate to severe periodontitis
group. Seventy percent of the participants had CAD, and
24% had diabetes. Periodontal findings were also frequent.
Mild ABL was found in 45% of participants, while severe
bone loss was rare (5.7%). The mean number of periodon-
tal pockets with PPD 4 to 5 mm was 13. Deeper pockets
were not as frequent: most of the participants did not have
pockets with PPD ≥ 6 mm. However, some participants
had high numbers of deep pockets (PPD ≥ 6 mm) and the
maximum number detected in one individual was 70. As
expected, the subjects with moderate to severe periodonti-
tis hadmore BOP than those with no to mild periodontitis.
Minor allele frequencies of the SNPs were 0.29 for

rs1560833 (S100A9), 0.42 for rs11225395 (MMP8), 0.28 for
rs800292 (CFH), and 0.44 for rs1061170 (CFH) (Table 2).
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1630 SALMINEN et al.

TABLE 2 Characteristics of the SNPs

rs ID Nearest gene Type Major/minor allele MAF
rs1560833 S100A9 Intergenic G/A 0.29
rs11225395 MMP8 Promoter G/A 0.42
rs800292 CFH Exon; missense G/A 0.28
rs1061170 CFH Exon; missense T/C 0.44

Abbreviations: CFH, complement factor H; MAF, minor allele frequency; MMP, matrix metalloproteinase; SNP, single-nucleotide polymorphism.

TABLE 3 Frequencies of periodontal conditions, CAD, and diabetes in individuals with different genotypes of rs1560833, rs11225395,
rs800292, and rs1061170

ABLmoderate-
severe PPD4 ≥ 17* PPD6 ≥ 7† BOP > 44% Periodontitis CAD Diabetes

N (%)
rs1560833 GG 74 (31%) 66 (27%) 31 (13%) 74 (30%) 65 (28%) 175 (70%) 58 (24%)

GA 57 (31%) 60 (32%) 28 (15%) 65 (33%) 51 (28%) 145 (74%) 46 (24%)
AA 10 (25%) 9 (23%) 5 (13%) 11 (26%) 8 (21%) 24 (57%) 10 (24%)

P = 0.72 P = 0.42 P = 0.84 P = 0.58 P = 0.64 P = 0.10 P = 0.99
rs11225395 GG 46 (31%) 54 (36%) 18 (12%) 39 (25%) 42 (28%) 121 (77%) 40 (26%)

GA 80 (33%) 57 (23%) 36 (15%) 93 (36%) 69 (29%) 174 (68%) 63 (25%)
AA 15 (21%) 24 (33%) 10 (14%) 18 (24%) 13 (18%) 49 (65%) 11 (15%)

P = 0.13 P = 0.02 P = 0.76 P = 0.02 P = 0.20 P = 0.08 P = 0.14
rs800292 GG 83 (34%) 70 (29%) 38 (16%) 73 (30%) 72 (30%) 178 (69%) 62 (24%)

GA 52 (29%) 47 (26%) 23 (13%) 68 (38%) 46 (26%) 132 (71%) 38 (21%)
AA 6 (14%) 17 (41%) 3 (7%) 9 (21%) 6 (14%) 33 (77%) 14 (33%)

P = 0.03 P = 0.19 P = 0.30 P = 0.06 P = 0.09 P = 0.55 P = 0.25
rs1061170 TT 45 (30%) 53 (35%) 19 (13%) 42 (27%) 40 (27%) 106 (68%) 43 (28%)

TC 65 (30%) 65 (30%) 36 (16%) 74 (32%) 59 (27%) 167 (73%) 49 (22%)
CC 28 (31%) 17 (18%) 8 (9%) 32 (32%) 23 (26%) 65 (66%) 21 (21%)

P = 0.99 P = 0.02 P = 0.16 P = 0.53 P = 0.96 P = 0.33 P = 0.29

Note: Chi-squared test. Statistically significant P-values are indicated by boldface.
Abbreviations: ABL, alveolar bone loss; BOP, bleeding on probing; CAD, coronary artery disease; PPD, probing pocket depth.
*Number of pockets with PPD 4 to 5 mm ≥ 17.
†Number of pockets with PPD ≥ 6 mm ≥ 7.

Table 3 displays the frequencies of ABL (moderate to
severe), high BOP, high number of periodontal pockets
(with PPD 4 to 5 mm or PPD ≥ 6 mm), periodontitis, dia-
betes, and CAD in groups of individuals with different SNP
genotypes. Individuals with genotype GA for rs11225395
had less frequently pockets with PPD 4 to 5 mm and lower
BOP% than those with genotypes GG or AA. The individ-
uals with rs800292 genotype AA (two minor alleles) had
less frequently ABL (14%) than those with genotypes GG
(34%) or GA (29%). The individuals with rs1061170 geno-
type CC (two minor alleles) had fewer periodontal pockets
with PPD 4 to 5 mm (18% had more than 17 pockets with
PPD 4 to 5 mm) than those with genotypes TT (35% having
high number of pockets) or CT (30% having high number
of pockets).
The minor allele of rs800292 (CFH) was associated with

lower odds of havingmoderate – severe periodontitis (odds

ratio [OR], 0.67; 95% confidence interval [CI], 0.47 to 0.96,
P= 0.03; Figure 1) and ABL (OR, 0.62; 95% CI, 0.43 to 0.89;
P= 0.01). Theminor allele of the otherCFH SNP, rs1061170,
was also associated with a lower number of pockets with
PPD 4 to 5 mm (OR, 0.67; 95% CI, 0.49 to 0.92; P = 0.01).
Rs1560833 (S100A9) or rs11225395 (MMP8) were not associ-
ated with any periodontal parameters.
The median concentrations of salivary proteins in the

subgroups of the study subjects divided according to peri-
odontal parameters are presented in Figure 2. Salivary
concentrations of S100A8, S100A12, MMP-8, and TCC
increased along with increasing numbers of periodontal
pockets with PPD 4 to 5 mm or PPD ≥ 6 mm (Figure 2).
Concentrations of S100A8, S100A9, or TCC did not dif-
fer between subgroups of patients divided according to
BOP levels, but the concentration of MMP-8 was sig-
nificantly higher in those with high BOP. S100A12 and
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SALMINEN et al. 1631

F IGURE 1 Associations between SNPs and periodontal
parameters. Logistic regression adjusted for age, sex, smoking,
diabetes, and the number of teeth. Additive model for SNP genotype.
Error bars represent 95% confidence intervals for odds ratios. High
ABL: ABL from moderate to severe; high PPD4: ≥ 17 sites with PPD
4 to 5 mm; high PPD6: ≥ 7 sites with PPD ≥ 6 mm; high BOP: BOP%
≥ 44. ABL, alveolar bone loss; BOP, bleeding on probing; PPD,
probing pocket depth; SNP, single-nucleotide polymorphism

MMP-8 concentrations were higher in patients with ABL,
while S100A8 and TCC did not differ between ABL sub-
groups.
Salivary TCC concentration was significantly lower in

smokers compared to nonsmokers (see Supplementary
Table S1, which is available in the online Journal of Peri-
odontology). The concentrations of S100A8 and S100A12 in
saliva were significantly higher in diabetics compared to
nondiabetics. In CAD patients, concentrations did not dif-
fer from controls.
Associations between salivary proteins and periodon-

tal parameters are shown in Figure 3. Salivary S100A8,
S100A12, and MMP-8 concentrations were associated with
periodontitis, ABL, the number of periodontal pockets
with PPD 4 to 5 mm, and especially the number of peri-
odontal pockets with PPD≥ 6 mm (OR for 10-fold increase
in S100A8: 4.22; 95% CI, 2.15 to 8.30; P < 0.001). Sali-
vary TCC concentration was associated with periodontitis,
ABL, BOP, the number of periodontal pockets with PPD
4 to 5 mm, and the number of periodontal pockets with
PPD≥ 6mm. Therewas no association between SNP geno-
types and salivary protein concentrations (see Supplemen-
tary Table S2 in the online Journal of Periodontology).

4 DISCUSSION

We investigated whether the polymorphisms linked to
serum MMP-8 associate with periodontitis, periodontal
parameters, and saliva concentrations of TCC, S100A8, and
S100A12 in a well-characterized, relatively large sample
of middle-aged or elderly participants. Among the studied
polymorphisms of CFH, MMP8, and S100A8/S100A9/

F IGURE 2 Concentrations of salivary proteins in subgroups of
study participants. Concentrations are expressed as medians. Error
bars represent 95% confidence intervals. Comparisons between the
groups were made by the Kruskal-Wallis test

S100A12 gene region, those located in the CFH gene asso-
ciated with periodontitis, whereas the ones near S100A9
or in the MMP8 gene did not. Although the measured
saliva concentrations of TCC, S100A8, and S100A12 were
significantly higher in periodontitis, the correspond-
ing genetic polymorphisms did not correlate with the
saliva levels. Polymorphisms of S100A9 or MMP8 did
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1632 SALMINEN et al.

F IGURE 3 Associations of salivary S100A8, S100A12, MMP-8,
and TCC concentrations with periodontal parameters. Odds ratio
for 10-fold increase in concentration. Logistic regression adjusted
for age, sex, smoking, diabetes, and the number of teeth. Error bars
represent 95% confidence intervals for odds ratios. High ABL: ABL
from moderate to severe; high PPD4: ≥ 17 sites with PPD 4 to 5 mm;
high PPD6: ≥ 7 sites with PPD ≥ 6 mm; high BOP: BOP% ≥ 44. ABL,
alveolar bone loss; BOP, bleeding on probing; MMP-8, matrix
metalloproteinase 8; OR, odds ratio; PPD, probing pocket depth;
TCC, terminal complement complex

not associate with any periodontal parameters, whereas
polymorphisms in CFH gene as well as saliva TCC con-
centrations were associated with clinical and radiographic
signs of periodontitis.
The alternative pathway of complement is crucially

involved in periodontal dysbiosis and inflammation. It is
one of three complement pathways leading to phagocyto-
sis after opsonizing themicrobes. The pathwaymay poten-
tially contribute to ≥80% of total complement activation.3
In addition to microbes, potential activators are bac-
terial virulence factors, membrane polysaccharides, or
immunoglobulin A. Studies with several periodontal bac-
teria, such as Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans, Prevotella intermedia, and Tan-
nerella forsythia, propose that they interact with comple-
ment in complex ways that include both inhibitory and
stimulatory effects.2,21,22 For example, whereas bacterial
proteases may cleave C5 to release biologically active C5a,
the same proteases readily destroy the C5b component to
prevent the generation of TCC.21,22 Thus, dysbiotic bac-
teria in periodontitis have evolved mechanisms to regu-
late inflammation for their own benefit.2 These bacterial
species were highly abundant in the saliva samples of the
present study, and their amount was associated with mod-
erate to severe periodontitis.23
The soluble TCC measured from saliva samples of the

present study is not a single molecular species, but a fam-
ily of multimolecular complexes closely related with each
other.14 In our study, periodontitis patients had increased
levels of saliva TCC, reflecting overall complement acti-
vation. The TCC concentration associated with all peri-

odontal parameters examined,ABL, PPD, andBOP, further
supporting the idea that excessive complement activation
is involved in the pathogenesis of periodontitis and in all
steps of the disease progression.
TCC was lower in smokers and TCC associated with

periodontitis only in the adjusted regression model in
the present study. Thus, smoking may be a relevant con-
founding factor of saliva TCC determinations. Smoking
induces free radicals and oxidative damage and depletes
antioxidants, thereby increasing complement activation.24
Cigarette smoke can modify C3 for diminished binging to
CFH, which leads to activation of the alternative comple-
ment pathway.25,26 A mouse study showed that “a func-
tional complement alternative pathway” is causative in
ocular pathology induced by exposure to cigarette smoke.24
However, no published information on the effects of smok-
ing on terminal pathway or TCC was available.
We found that salivary S100A8 and S100A12 were asso-

ciated with ABL, a high number of periodontal pockets
with PPD 4 to 5 mm, and especially with deep pockets
(PPD ≥ 6 mm). In addition, they were associated with
moderate to severe periodontitis. The associations were
strongest for S100A8.Concentrations of S100A8 or S100A12
were not associatedwith BOP, although in a previous study
S100A8/A9 (calprotectin) and S100A12 had an association
with BOP and their levels were higher in patients with
high modified periodontal inflammatory burden index.10
In the same study, the mean level of S100A12 was lower
in smokers. Another study showed that S100A8/A9 (cal-
protectin) levels were significantly higher in both the
saliva and serumof patientswith periodontitis and salivary
S100A8/A9 (calprotectin) had a high diagnostic potential
for periodontitis (receiver operating characteristic curve
[ROC] = 0.86).11 In a recent study, it was discovered that
salivary S100A8/A9 (calprotectin) was higher in gingivitis
patients compared to healthy, and higher in periodontitis
patients compared to healthy or gingivitis patients.12 Sali-
vary S100A12 was also elevated in both periodontitis and
gingivitis groups compared to control groups, but no signif-
icant change was found in the levels of S100A8/A9 (calpro-
tectin) and S100A12 after nonsurgical periodontal therapy.
Interestingly, periodontitis patients were clustered in two
groupswith either high or low levels of salivary S100A8/A9
at baseline.12 Longitudinal studies are warranted to inves-
tigate whether these biomarkers are associated with peri-
odontal disease activity or successful treatment results.
The common, functional polymorphisms of CFH ana-

lyzed in the present study lead to structural changes of
the molecule. Rs800292 allele A (Val62Ile substitution) is
located in domain 1, which together with domains two to
four regulates alternative pathway activation by binding to
C3b. The polymorphism increases this binding and leads
to decreased complement activation. In the present study,
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the 62I variant was associated with less ABL and lower
risk of having periodontitis. Rs1061170 allele C (Tyr402His
substitution) is located in domain 7, and it changes the
structure of the C-reactive protein-binding domain of
CFH.5 This causes complement dysregulation, since bind-
ing of CRP to CFH normally down-modulates alternative
pathway amplification and reduces inflammation.5 In
the carriers of 402H variant, reduced binding of CRP to
CFH would thus lead to a less controlled inflammatory
reaction and more tissue damage.5 Here, the variant
402H of the rs1061170 polymorphism associated with low
number of sites with PPD 4 to 5 mm. Thus, these common
polymorphisms of CFH were associated with decreased
symptoms of periodontitis and lower risk of having
periodontitis.
Rs11225395 is located in the intron ofMMP8. The T allele

is associated with enhanced expression of MMP-8 and
lower risk of generalized aggressive periodontitis,27 and
the TT genotype significantly associated with an increase
in serum MMP-8 concentrations.28 In our study, we did
not find associations between rs11225395 and periodontal
parameters, although individuals that were heterozygous
for rs11225395 had a significantly lower number of pock-
ets with PPD 4 to 5 mm and lower BOP% when the three
genotypes were compared.We could hypothesize that both
under- and overexpression ofMMP-8may increase the risk
of periodontitis, but further studies on the link between
periodontitis and rs11225395 are needed for any stronger
conclusions.
Rs1560833 is significantly associated with the expres-

sions of S100A12, S100A8, and S100A9 in whole blood,6
and the SNP may thus have an impact on systemic inflam-
mation. However, we did not find any association between
this SNP and salivary S100A8, S100A12, MMP-8, or TCC.
Saliva reflects mainly local inflammation of the oral cavity
and regulation of S100s at protein expression level may not
have an effect on oral inflammation. However, it is possible
that increased release of these proteinsmight be implicated
in periodontal pathogenesis.
Limitations of the study include the cohort, which rep-

resents symptomatic patients with cardiac problems and
indication to coronary angiography. Like other inflamma-
tory responses, complement is importantly involved in the
pathogenesis of CAD,29 although the CFH SNPs did not
associate with CAD in the present study. Residual con-
founding cannot be ruled out due to the shared risk fac-
tors betweenCADand periodontitis, such as smoking, age,
male sex, diabetes, and low socioeconomic status. There
are no published data on the effect of freezing and thaw-
ing on the concentrations of measured proteins. How-
ever, all samples received similar freezing and thawing
cycles. Excessive complement activation has been asso-
ciated also with several diseases and pathologies whose

association with periodontitis has been suggested, such
as Alzheimer’s disease,30 rheumatoid arthritis,31 AMD,32
and lung diseases,33 involving dysregulations of inflamma-
tory pathways. Since the present study has a cross-sectional
design, conclusions of causality cannot be drawn. How-
ever, the cohort also forms a strength of the study, since
it is well-characterized and relatively large.

5 CONCLUSION

Our study further supports the observations that any dys-
regulation of complement may increase the risk of inflam-
matory disorders, such as periodontitis, and that this is evi-
dent both on genetic and expression level. Complement
activation is a promising diagnostic and therapeutic target
in periodontal diseases.
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