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Abstract
Background: Periodontitis (PD) is classified by Grades A through C according
to the risk of further progression, PD Grade C (PD-C) being the most severe
progressing form. It is a matter of controversy, whether the disease activity
observed in PD-C is due to impaired immune reactivity toward bacteria embed-
ded in biofilms or a hyper-reactive immune response causing tissue damage as
a bystander phenomenon. Little is known about the role of complement in this
respect.
Methods: Plasma and unstimulated saliva samples were collected from patients
with PD-B (n = 34) or -C (n = 27) and healthy controls (HCs) (n = 28). Salivary
and plasma levels of total C3, C3c, and C3dg were quantified using sandwich
enzyme-linked immunosorbent assay (ELISA).
Results: Salivary levels of total C3 and C3dg were elevated in PD-B and PD-C
patients compared to HCs (both P < 0.05), while the levels of C3c were elevated
in PD-C compared to HCs. Plasma levels of C3c were higher in PD-B patients
than in HCs (P < 0.05).
Conclusion: PD-B and PD-C patients show increased complement activation
compared to HCs, but no difference was found between the two disease grades.
PD-B, but not PD-C, is associatedwith increased systemic complement activation
as assessed by C3c in plasma.
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complement component 3, immunology, inflammation and innate immunity, pathogenesis,
periodontitis, saliva
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1 INTRODUCTION

Periodontitis (PD) is a multifactorial inflammatory disease
in the tooth supporting tissues affecting nearly half of the
adult population.1 The progression of PD is determined by
the host response,which ismodulated through amultitude
of factors such as genetics, general health, and life style,
including smoking, diet, and other social determinants.2
Although the destructive capacity of the inflammatory
process displays considerable interindividual variation,
PD inevitably results in loss of tooth supporting tissues
and if left untreated, PD may ultimately result in tooth
loss.2
PD is classified in stages (I-IV) and grades (A-C).3 Stag-

ing is largely dependent upon the severity of disease at
presentation as well as on the complexity of disease man-
agement. Grading provides supplemental information on
characteristics of the individual disease susceptibility. It
includes a history-based analysis of the rate of disease
progression, assessment of the risk for further progres-
sion, anticipated outcomes of treatment, and assessment
of the risk that the disease or its treatment may nega-
tively affect general health of the patient.4,5 Grade A (PD-
A) indicates low risk of further progression, Grade B (PD-
B) moderate risk, and Grade C (PD-C) high risk of further
progression.3
The complement system consists of more than 40 solu-

ble or membrane-bound proteins and plays an important
role in the combat of bacteria, in the recruitment and reg-
ulation of inflammatory cells, and in the clearance of apop-
totic host cells, cellular debris and immune complexes.6 In
PD, bacteria within the periodontal pockets may translo-
cate into the circulation during every day procedures such
as chewing and toothbrushing.7,8 Consequently, bacteria
may activate the complement system both locally and sys-
temically resulting in cleavage of central complement com-
ponent 3 (C3) intoC3a andC3b.9,10 C3b becomes covalently
attached to bacterial surfaces and then enzymatically con-
verted into iC3b. Subsequently, iC3b is cleaved into fluid-
phase C3c and surface-bound C3dg.11 During the process,
C3 fragments also deposit on “innocent bystander” plasma
proteins.12
It remains to be elucidated whether levels of total C3

and its activation split-products C3c and C3dg in saliva
and plasma reflect the complement activation locally in the
oral cavity and systemically. Previous investigations have
focused on the association of complement protein levels
with periodontal inflammation only locally and without
comparing different grades of PD.13–18 We have recently
shown that patients with PD have higher baseline salivary
levels of both total C3 and C3c than periodontally healthy
controls (HCs), but did not take C3dg and the grading sys-
tem into account in those investigations.19 Additionally,

patients with PD have a higher prevalence of coarse gran-
ular deposits containing C3d in subepithelial tissues20 and
treatment of PDhas been shown to decrease the concentra-
tion of C3dg in the periodontium.21,22 However, these stud-
ies were made with polyclonal antibodies that recognize
native C3, C3b, and iC3b as well as C3dg dissociated from
C3c. Recently, we have developed a rat antihuman C3dg
monoclonal antibody with specificity to the N-terminal of
C3dg anddemonstrated that the antibody exclusively binds
to C3dg and not to intact C3, nor to other degradation prod-
ucts of C3 other than C3dg itself.12,23 Since C3dg binds to a
wide range of proteins, it may stay in plasma longer than
C3c. However, to the best of our knowledge, levels of C3c
and Cdg in plasma have not been compared to the cor-
responding levels in saliva nor compared in patients with
PD-C or PD-B and HCs.
It is debated whether the rapid progression observed in

PD-C is due to an insufficient immune reactivity toward
opportunistic periodontal bacteria or rather should be
considered a hyper-reactive immune response leading to
tissue damage as a bystander phenomenon.24 Thus, neu-
trophilic granulocytes from patients with rapidly progress-
ing PD, have been shown to possess an array of suspected
malfunctions, including increased adhesion, reduced
chemotaxis, increased reactive oxygen species production,
and reduced phagocytosis that could be responsible for
more severe disease predisposition.25–28 However, little is
known about the role of the complement system in this
respect.
The aim of this study was to compare total C3, C3c,

and C3dg levels in HCs and PD-B or PD-C patients,
based on the hypothesis that the increased disease activ-
ity and inflammatory burden present in PD-C patients,
compared to PD-B patients and HCs, associates with an
excessive complement activation. In addition, we aimed
to evaluate a possible correlation between systemic and
oral levels of complement activation in the analyzed
groups.

2 MATERIALS ANDMETHODS

2.1 Study population

This cross-sectional study is part of a series of investiga-
tions analyzing both inflammatory responses andmicrobi-
ological characteristics in a cohort of patients with PD-C,
PD-B, and HCs.8,29
Ninety participants were recruited between February

the 8th 2017, and October the 12th 2018, at the Department
of Odontology, Faculty of Health and Medical Sciences,
University of Copenhagen. All participants were medi-
cally healthy and eligible for a periodontal diagnosis in
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1296 DAMGAARD et al.

TABLE 1 Study population demographics and clinical data

Variable HCs (n = 28) PD-B (n = 34) PD-C (n = 27) P-value
Age (mean in years, range) 40 (22-61) 50 (30-58) 33 (20-39) < 10−4

Female, n 9 (32%) 11 (32%) 7 (26%) 0.84
Current smokers, n 4 (14%) 16 (47%) 5 (19%) 0.009
PI in % (mean, range) 3.5 (0-51.6) 57 (0-100) 58.4 (0-98.1) < 10−4

BOP in % (mean, range) 0.6 (0-15.5) 40.6 (2.3-100) 55 (0-98.8) < 10−4

PPD in % (mean, range) 2.3 (1.4-2.7) 3.4 (1.6-6.6) 3.6 (2.2-5.3) < 10−4

AL in mm (mean, range) 1.8 (0.9-2.7) 4.1 (1.8-9.1) 3.6 (1.4-6.1) < 10−4

Number of teeth (mean, range) 27.6 (25-28) 26.2 (21-28) 27.3 (25-28) 0.0008

Abbreviations: AL, attachment loss; BOP, bleeding on probing; HCs, periodontally healthy controls; PD, periodontitis; PI, plaque index; PPD, probing pocket depth.
Note: Mean age between groups was comparedwith analysis of variance, while the other variables were comparedwith χ2- test. Data in this table are also published
as Table 1 in Damgaard et al. 20218.

accordance with the 1999 criteria for periodontal diseases
defined by the American Academy of Periodontology.30
One participant was excluded due to missing clinical data.
The remaining 89 participants were reclassified accord-
ing to the criteria for periodontal diseases defined by the
American Academy of Periodontology/Working Group 1
of the 2017 World Workshop on the Classification of Peri-
odontal and Peri–ImplantDiseases andConditions and the
European Federation of Periodontology3 distributed as fol-
lows: HCs (n = 28), participants with PD-B (n = 34), and
those with PD-C (n = 27).
Exclusion criteria were less than 20 teeth, pregnant

and breastfeeding women, antibiotic treatment within the
latest 6 months, systemic diseases affecting the immune
system such as hematologic anomalies, genetic diseases,
or syndromes and any immunosuppressive medication
within the latest 2 weeks. Participants were recruited prior
to having received periodontal treatment at Department of
Odontology, Faculty of Health and Medical Sciences, Uni-
versity of Copenhagen.
Written informed consent was obtained by all partic-

ipants and the study was approved by the regional eth-
ical committee (The Capital Region of Denmark, pro-
tocol no.: H-1602473), the Danish Data Authorization
(approval no.: P-2019-18) and registered at clinicaltrials.gov
no. NCT03225950.

2.2 Periodontal examination

Sex, age in years, smoking status, current, or previous dis-
eases were recorded for all participants. Study population
characteristics, as published previously,12 are shown in
Table 1. Periodontal health was defined as probing pocket
depth (PPD) of 3 mm or less and a bleeding index of less
than 10% of the measured sites and no clinical attachment
loss (AL) or bone loss due to PD. Twenty eight of the 89

participants were classified as HCs.31 AL, either interden-
tally at ≥2 nonadjacent teeth, and/or AL ≥3 mm buccally
or orally with pocketing > 3 mm at ≥2 teeth with bleeding
on probing (BoP), excluding 3rd molars, was considered
an inclusion criterion for patients with PD. Percentage of
AL compared with age was used to grade patients with PD.
Smokingwas considered a grade-modifying prognostic fac-
tor, where 10 cigarettes/day or more allowed for diagnosis
ofGradeC.None of the participantswere diabetic, which is
another recognized grade-modifying factor. Confirmation
of bone loss and recording of number of decayed, missing,
and filled teeth (DMFT) was based on intraoral x-rays of
each participant. All participants were included prior to
receiving any periodontal treatment at the Department of
Odontology, University of Copenhagen. All clinical regis-
trations on patients with PD were confirmed by a trained
clinician at the Department of Odontology, University of
Copenhagen, and clinical registrations on HCs as well as
sample collection were performed by the same examiner
(A.K.D.).

2.3 Plasma and saliva collection

Following the clinical examination, plasma, and saliva
were collected by the same examiner. Venous blood was
drawn in EDTA K2 7/6 mL tubes* (cat.# 456043), spun
for 350 g at 10 min and plasma was collected, aliquoted
and stored at −80◦C until further analysis. 200-500 μL of
unstimulated saliva samples were collected in sterile cry-
otubes and stored immediately at−80◦Cuntil further anal-
ysis.

* Grener Bio One, Kremsmünster, Austria.
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DAMGAARD et al. 1297

2.4 Analysis of complement
components C3, C3c, and C3dg

Established sandwich emzyme-linked immunosorbent
assays (ELISAs) were used to assess total C3 and split prod-
ucts C3c and C3dg levels in saliva and plasma samples
from patients with PD and controls, as described in.12,19,23
In brief, Maxisorp plates† were coated with either capture
antibody mAb clone F1-23 anti-C3 total (2 μg/mL), mAb
clone F1-4 anti-C3c (6 μg/mL), ormAb clone 15–39-06 anti-
C3dg (2 μg/mL) raised in house and incubated overnight
at 4◦C. The wells were washed and blocked with wash-
ing buffer‡ (phosphate-buffered saline [PBS] 0.05%Tween-
20). After removing the blocking buffer, serial dilutions of
standards, plasma samples diluted 1:1000, and saliva sam-
ples diluted 1:50 in PBST, were added in duplicates to the
wells and incubated for 2 hours at room temperature. The
wells were rewashed and incubated with either 2 μg/mL of
biotinylated rabbit anti-C3dg/C3c antibodies (for total
C3) or 2 μg/mL biotinylated rabbit anti-C3c antibod-
ies (for C3c) or 2 μg/mL biotinylated rabbit anti-C3dg anti-
body§ (DAKO #A0063). After another wash, streptavidin-
conjugated horseradish peroxidase diluted 1:5000 in PBS‡
was added to each well and incubated for 30 minutes at
room temperature. The microtiter plates were color devel-
oped in darkness for 20 minutes at room temperature by
addition of ortho-phenylenediamine** (0.5 mg/mL) dis-
solved in citrate buffer (35 mmol/L citric acid, 65 mmol/L
Na2PO4 pH 5) containing 0.12‰ (vol/vol) H2O2. The color
reaction was stopped by addition of 100 μL of 1MH2SO4 to
each well. Optical density (OD) levels were measured at
490-650 nm by using a V-Max kinetic microplate reader††.
The quantification of total C3, C3c, and C3dg was based on
a 4-parameter analysis of a fitted standard curve (EDTA-
plasma pool for C3 and C3c32 and serum assigned value of
1000 mU/mL for C3dg.12

2.5 Statistical analyses

Given the skewed distribution of C3, C3c, and C3dg con-
centrations, differences between groups were analyzed
using the Mann-Whitney test (unpaired, two-tailed). P-
values< 0.05was considered statistically significant. A sta-
tistical software‡‡ was used for data analyses and graphical
representation.

†Nunc, Thermo Scientific, Roskilde, Denmark.
‡ Invitrogen, Waltham, MA.
§ AH Diagnostics, Santa Clara, CA.
** Kem-En-Tec Nordic Inc., Taastrup, Denmark.
†† Software Softmax Pro, Molecular Devices LLC, San Jose, CA.
‡‡GraphPad software, San Diego, CA.

3 RESULTS

3.1 Study population

A significantly different mean age across groups was
observed (P< 10−4, Table 1), whereas a comparable sex dis-
tribution was noted. Comparable numbers of teeth were
noted across all groups. As expected, mean AL and mean
PPD were significantly higher for both patients with PD-B
and PD-C than for HCs (P < 10−4, Table 1). Patients with
PD-B and PD-C had a significantly higher PI than HCs
(P < 10−4, Table 1). A significantly higher number of cur-
rent smokers was observed in the PD-B, as compared to
both PD-C and HCs (P < 0.009, Table 1). A higher propor-
tion of subjects with both PD-B and PD-C had African and
Asian descent than observed inHCs,whichwas dominated
by Caucasians (data not shown).

3.2 Salivary levels of total C3, C3c, and
C3dg in patients with PD-B, PD-C, and HCs

Higher levels of total C3 were observed in saliva from
patients with PD-B and PD-C patients compared to HCs
(P = 0.043 and P = 0.016 respectively; Figure 1A). More-
over, higher levels of C3c were observed in saliva from PD-
C patients than in HCs (P = 0.025, Figure 2B), while lev-
els in PD-B only showed a trend of increase compared to
HCs (P = 0.082, Figure 2B). On the other hand, higher
levels of C3dg were observed in saliva from PD-B patients
(P = 0.020) and PD-C patients (P = 0.044) as compared to
the HCs (Figure 2C).

3.3 Plasma levels of total C3, C3c, and
C3dg in patients with PD-B, PD-C, and HCs

Plasma levels of total C3 in patients with PD-B or PD-
C were similar to those of HCs (Figure 2A). However,
patients with PD-B had higher plasma levels of C3c than
HCs (P = 0.040) and increased levels compared to PD-C
patients (Figure 2B). Plasma levels of C3dg in patients with
PD-B or PD-C were similar to those of HCs (Figure 2C).

3.4 Associations of clinical parameters
with salivary levels of total C3, C3c, and
C3dg

No statistically significant correlations were observed for
levels of total C3, C3c, or C3dg and BoP, plaque index and
PPD (data not shown).
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1298 DAMGAARD et al.

F IGURE 1 Salivary levels of total C3, C3c, and C3dg in periodontally HCs and patients with PD-B or PD-C. Salivary levels of C3 in HCs
(n = 27) and patients with PD-B (n = 32) or PD-C (n = 24) (A). Salivary levels of C3c in HCs (n = 26) and patients with PD-B (n = 26) or PD-C
(n = 20) (B). Salivary levels of C3dg in HCs (n = 26) and patients with PD-B (n = 33) or PD-C (n = 19) (C). Horizontal lines in boxes show
medians and whiskers show range

F IGURE 2 Plasma levels of total C3, C3c and C3dg in periodontally HCs and patients with PD-B or PD-C. Scatter dot-plots illustrate
plasma levels of total C3 in HCs (n = 28) and patients with PD-B (n = 34) or PD-C (n = 27) (A). Plasma levels of C3c in HCs (n = 28) and
patients with PD-B (n = 34) or PD-C (n = 27) (B). Plasma levels of C3dg in HCs (n = 26) and patients with PD-B (n = 34) or PD-C (n = 22) (C).
Log 10 of concentration values are shown

4 DISCUSSION

The aim of the study was to determine, whether salivary
and plasma levels of the central complement component
C3 and its activation split-products C3c and C3dg, reflect
differences in disease activity between patients with PD-B
or PD-C.
We found that salivary levels of total C3 were elevated in

patients with PD-B or PD-C compared to HCs. Previously,
salivary levels of total C3 and C4 have been associated with
PD, but these levels have not been obtained across different
PD grades33 as in this study. However, total C3 levels did
not differ between the two PD groups in our study.
Activation-related complement split products may bet-

ter reflect ongoing inflammation than total C3 levels do,
and C3c levels have previously been reported to be higher
in saliva from patients with PD of undefined grading than
those in saliva from HCs.19 Moreover, PD patients with
low levels of salivary C3c at baseline exhibited significantly
better treatment response after nonsurgical periodontal
treatment as compared to patients with high levels.19
In the present study, samples were collected prior to

periodontal treatment and were, thus, comparable to base-
line levels found in our previous study.19 Accordingly, in
the present study, salivary levels of C3c were elevated in
patients with PD-C compared to HCs, while the levels of
PD-B patients were nonsignificantly higher than those of
HCs. Of notice, similar levels were observed between PD-C
and PD-B patients. On the other hand, difference in C3dg
levels between groups showed a similar pattern to that of
total C3, being elevated in patients with PD-B or PD-C
compared to HCs.
In addition to determining salivary levels of C3, C3c, and

C3dg, we also determined the corresponding plasma lev-
els. Salivary C3c and C3dg, might originate from plasma,
since the majority of saliva is formed in salivary glands as
a plasma filtrate. Plasma levels of the fluid-phase activa-
tion split-product C3c did not mirror salivary levels and
were instead significantly higher in PD-B patients than in
HCs and tended to be higher in PD-B patients than in PD-
C patients. This finding indicates that a contribution of
plasmaC3c to the previously reported elevated salivary lev-
els of C3c in PD patients cannot be ruled out.19 Moreover,
the elevated levels of C3c indicate that C3 is not only being
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DAMGAARD et al. 1299

activated locally in the oral cavity in patients with PD, but
to some extent also systemically, possibly because bacte-
ria from the inflamed periodontal pockets translocate to
the circulation and activate complement there.7,8 A possi-
ble explanation for the elevated levels of total C3 observed
for PD-B patients is that this group included significantly
more smokers than the PD-C group and the group of HCs
(Table 1). Levels of plasmaC3 can bemodulated bymany of
the risk factors of periodontitis including smoking, abdom-
inal obesity, and metabolic syndrome.34
To our knowledge, this cross-sectional study is the first

to include measurements of both salivary and plasma lev-
els of total C3 and its activation split-products C3c and
C3dg in relation to PD-B and PD-C. Since the elevated lev-
els of activation split-products are primarily observed in
saliva and not in plasma, these data indicate that local
complement activation in the oral cavity is likely driven
by bacterial biofilms in the periodontal pockets. Thus,
besides a confirmation of the association of intact C3 pro-
teins with PD, our study shows that activation split prod-
ucts C3c and C3dg increase locally in the oral cavity with
ongoing complement activation in patients with PD-B and
PD-C. It is possible that increased levels of C3 and its
split products in saliva may predict responses of both
patient groups to treatment, as we previously showed for
PD patients, which were classified according to the 1999
classification as generalized chronic PD.19 However, the
nature of the present study does not allow weighing peri-
odontal status against other possible contributors to ele-
vated levels of C3 and its split products. In clinical set-
tings, the elevated plasma levels af C3c in patients with
PD-B compared toHCsmay nevertheless call for an aware-
ness of PD as a factor that may impact systemic levels
of complement activation markers as in systemic lupus
erythematosus.35
Some limitations apply to the present investigation,

including the relatively small sample size and that some
laboratory tests failed due to too small sample volume for
some donors, which explains, why the number of sub-
jects varies between analyses of C3 and its activation split-
products.

5 CONCLUSION

In conclusion, salivary levels of total C3 and C3dg were
higher in patients with PD-B or PD-C than in HCs. A sim-
ilar pattern was observed for salivary C3c levels for PD-
C versus HCs. Moreover, systemic C3c levels were higher
in the PD-B group compared to HCs. On the other hand,
similar salivary levels of total C3 and its activation prod-
ucts C3c and C3dg were observed between PD-B and PD-
C, suggesting that the increased inflammation observed in

PD-C compared to PD-B is likely not due to differences in
complement activation, at least locally in the oral cavity.
Future investigations should focus on complement acti-
vation occurring locally in the periodontium to elucidate
the contributions of complement to the pathogenesis of PD
and, ultimately, its clinical implications.
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