Journal of

PERIODONTAL RESEARCH

J Periodont Res 2011; 46: 643-647
All rights reserved

Oral treatment with
complement factor C5a
receptor (CD88) antagonists
Inhibits experimental
periodontitis in rats

Breivik T, Gundersen Y, Gjermo P, Taylor SM, Woodruff TM, Opstad PK. Oral
treatment with complement factor C5a receptor (CD88) antagonists inhibits
experimental periodontitis in rats. J Periodont Res 2011; 46: 643—647.

© 2011 John Wiley & Sons A/S

Background and Objective: The complement activation product 5a (C5a) is a
potent mediator of the innate immune response to infection, and may thus also
importantly determine the development of periodontitis. The present study was
designed to explore the effect of several novel, potent and orally active C5a
receptor (CD88) antagonists (C5aRAs) on the development of ligature-induced
periodontitis in an animal model.

Material and Methods: Three different cyclic peptide C5aRAs, termed PM X205,
PMX218 and PMX273, were investigated. Four groups of Wistar rats (n = 10 in
each group) were used. Starting 3 d before induction of experimental periodontitis,
rats either received one of the C5aRas (1-2 mg/kg) in the drinking water or
received drinking water only. Periodontitis was assessed when the ligatures had
been in place for 14 d.

Results: Compared with control rats, PMX205- and PMX218-treated rats had
significantly reduced periodontal bone loss.

Conclusion: The findings suggest that complement activation, and particularly C5a
generation, may play a significant role in the development and progression of
periodontitis. Blockade of the major C5a receptor, CD88, with specific inhibitors
such as PMX205, may offer novel treatment options for periodontitis.
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Periodontitis is a tissue-destructive these multifarious disorders influence

inflammatory condition of the tooth-
supporting tissues that may lead to
tooth loss in the most severe cases.
Severe periodontitis affects about 10%
of most populations, and the disease is
associated with bacterial, immunolog-
ical, genetic and environmental factors
such as smoking, diabetes and stress-
related diseases (1-5). Exactly how

the development and progression of
periodontitis has been poorly under-
stood. However, the disease is consid-
ered to be initiated by increased
colonization of pathogenic micro-
organisms, including some gram-nega-
tive bacteria species, in subgingival
dental plaque biofilms (6). This may
indicate that immune system responses

vital for clearing these pathogens are
inappropriately regulated.

We have previously studied the
impact of different immune aberrations
on periodontal disease (7,8). In the
present study, we wanted to investigate
the role of complement system block-
ade. The complement system is a
biochemical cascade that helps clear
pathogens and is a decisive element of
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the innate immune response to infec-
tion (9). The co-operative interaction
between complement and microbial
molecular recognition receptors on
innate immune cells, including Toll-
like receptors (TLRs), links innate and
adaptive immunity, and an effective
interplay between these two systems is
essential to control and eliminate
pathogens (10). A major effector of all
complement activation products is the
anaphylatoxin C5a, a split product of
complement factor C5 (9,11). Local or
systemic administration of lipopolysac-
charide (LPS), a biologically active
molecular structure of the outer cell
membrane of all gram-negative bacteria,
activates the complement system, gen-
erating C5a (11,12). Complement Sa
binds to two specific receptors [C5aRs,
otherwise known as CD88, and C5a-
receptor-like 2 (CS5L2)] located on
polymorphonuclear leukocytes (PMNs),
monocytes/macrophages, dendritic,
endothelial and epithelial cells (13).
The C5a—C5aR interaction modulates
a number of immune cell responses,
including release of cytokines and
chemokines (9,11).

To elucidate how complement func-
tion may influence the development of
periodontitis, we used recently devel-
oped potent and selective orally active
antagonists of the C5a receptor CD88
(C5aRAs). This class of antagonists has
been shown to be effective in reducing
CSa-mediated pathology in various
immunoinflammatory disease models
in rodents, and is currently undergoing
clinical evaluation for use in humans
(14-17). The aim of the present exper-
iments was to test the hypothesis
that the major complement cascade
activation fragment, C5a, may play
a role in periodontal breakdown. We
also wanted to compare the effective-
ness of different antagonists in this
respect.

Material and methods

Animals

Wistar rats were obtained from Mol-
legaard Breeding Center (Ejby, Den-
mark), and wused after 2wk of
acclimatization. Standard rat chow
pellets and tap water were available

ad libitum. The animals were housed in
groups of five under a 12 h-24 h light-
dark cycle (light on from 07.00 to
19.00 h) with a temperature of 22°C
and humidity at 40-60%. The experi-
ments were registered and approved by
the Norwegian Experimental Animal
Board (NEAB).

Complement 5a receptor antagonists

Three C5aRAs were used in this study.
These compounds are orally active
cyclic hexapeptides, which are potent
and selective noncompetitive inhibitors
of the major C5aR, CDS88. This class of
drugs has been found to be efficacious in
various animal models of inflammatory
disease (14-17), and some of these drugs
have undergone clinical evaluation for
use in humans (18). The compounds
are coded PMX205 {hydrocinna-
mate (HC)-[OP(dCha)WR]}, PMX273
{AcF-[OP(dPhe)WR]} and PMX2I8
{HC-[OP(dPhe)WR]}, and all display
similar receptor binding affinity and
antagonistic potency (19). However,
importantly, PMX205 and PMX218
are more lipophilic analogues than
PMX273, due to the substitution of the
extracyclic phenylalanine residue with a
hydrocinnamate residue, which may
confer increased in vivo potency (19).
The compounds were synthesized as
previously described (18) and purified
by reverse-phase HPLC.

Experimental design

This experiment was designed to test
the efficacy of three C5aRAs
(PMX205, PMX218 and PMX273) on
the progression of experimental peri-
odontitis. The rats were randomly
assigned to four groups, each consist-
ing of 10 rats. Each of the C5aRAs was
administered in the drinking water to
one of the three experimental groups
starting 3 d before induction of liga-
ture-induced periodontitis and during
the entire experiment (20 mg/L, or
approximately 1-2 mg/kg/d). Control
animals received drinking water only.
Three days thereafter, periodontitis
was induced in both experimental and
control rats. All animals were killed by
decapitation 14 d after induction of the
ligature-induced periodontitis.

Experimental periodontitis

Under general anaesthesia with Hyp-
norm—Dormicum (fentanyl/fluanizone,
midazolam, Janssen and Cilag, Saun-
derton, UK; 0.2 mL/100 g body weight
subcutaneously) the animals had a
sterile silk ligature (Ethicon Perma-
hand® Seide 3/0, Johnson & Johson
Company, Norderstedt, Germany) tied
around the neck of the maxillary right
second molar tooth in the gingival sul-
cus. The procedure was performed on
the third day after beginning C5aRA
treatment. The ligatures serve as a
retention device for oral micro-organ-
isms, and change the microflora in the
gingival pocket. Twelve days after
application of the ligatures, all animals
were killed by decapitation. The
maxillae were excised and fixed in 4%
buffered formaldehyde. The same pro-
cedure was performed in all animals.

Radiographic examination of
alveolar bone loss

The specimens were stabilized with
dental wax on a Sidexis digital X-ray
sensor, orientated with the axis of the
teeth parallel to the sensor surface by
using x4 magnification loupe glasses
(Zeiss, Norstedt, Germany). The dis-
tance between the cemento-enamel
junction and bone on the mesial sur-
faces of the second molars was dis-
played digitally. The examination was
performed in a blinded fashion. Each
X-ray was read three times, and the
mean of the three readings calculated.
Radiographs were taken from the ani-
mals in all three experiments. Digital
X-rays of alveolar bone loss were used
as an indicator for periodontal break-
down because our previous studies
have shown that bone loss measured
with X-rays is more valid than other
frequently applied methods, such as
periodontal fibre and bone loss mea-
sured on histological sections (7,8).
Bone loss is also commonly used for
diagnosis of the severity of periodon-
titis in humans.

Statistical analysis

Data are presented as means + SD.
Differences between values were tested



with one-way analysis of variance
(ANOVA) followed by Dunnett’s
method. Values of p < 0.05 were
considered statistically significant.

Results

Effect of Cba receptor antagonist
treatment on body weight

Body weights were measured over the
study period, to assess any potential
toxicological adverse effect of antago-
nists on body weight gain. The
administration of C5aRA to rats had
no significant effect on weight gain
during the study period. At induction
of the C5aRAs, the PMX205-treated
animals weighed 287.0 & 4.4 g, the
PMX218-treated animals 285.3 £7.9 g,
the PMX273-treated animals 285.0 =+
7.4 g and the control animals 289.0 +
6.5g (p > 0.05). At point of killing,
the weight was 316.9 £ 10.8 g in the
PMX205-treated animals, 324.0 +
17.8 g in the PMX218-treated animals,
322.8 + 12.4 g in the PMX273-treated
animals and 328.1 =+ 17.0 g in the
control animals (p > 0.05 between the
groups).

Effect of C5a receptor antagonist
treatment on periodontal tissue
destruction

Alveolar bone loss following experi-
mental periodontal disease was assessed
in all experimental groups following
completion of the study using digital
X-rays. Whilst PMX273 showed no
effect on reducing bone loss in this
model, both PMX205 and PMX218
treatment significantly reduced the
periodontal bone loss compared with

untreated control animals (Figs 1
and 2).
Discussion

In this study, we have demonstrated
that chronic oral administration of
the selective C5aR (CD88) antagonists
PMX205 and PMX218 significantly
attenuated the development of experi-
mental periodontitis in Wistar rats.
These data contribute to recent find-
ings demonstrating a pathogenic
involvement of complement activation

Complement factor CS5a receptor antagonists inhibit periodontitis
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Fig. 1. Alveolar bone loss in periodontal
disease after treatment with the comple-
ment 5a receptor antagonists PMX205,
PMX218 or PMX273 as measured on digi-
tal radiographs (means + SD). *p < 0.05
vs. controls; NS, nonsignificant vs. controls
(one-way ANOVA with Dunnett’s method).

and C5a generation in the pathogenesis
of periodontitis (20,21).

Several tentative explanations for
these effects may be put forward. In the
first place, blockade of C5a—-CDSS sig-
nalling may reduce the release of reac-
tive oxygen species (ROS) and the
formation of MMPs in response to the
ligature-induced colonization of path-
ogenic micro-organisms in the subgin-
gival pocket. Excessive recruitment and
activation of PMNs, with increased
release of potent effector molecules,
plays a significant role in the develop-
ment of inflammatory diseases (11),
including periodontitis (22,23). It is
well documented that CSa stimulates
the migration of PMNs into inflam-
matory sites (11,24), elicits ROS release
(25,26) and enhances the formation of
MMPs in response to LPS and gram-
negative bacteria (11,19). Furthermore,
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treatment with anti-C5a antibodies and
C5aRAs inhibits PMN recruitment,
ROS and MMP release after exposure
to gram-negative bacteria and LPS,
and reduces tissue damage (11,19).
Secondly, the reduced periodontal
breakdown may, in part, be caused
by C5aRA-induced alteration of
other immune mediators. In addition
to being a strong chemoattractant
for PMNs, monocytes/macrophages,
eosinophils and T cells (11,27,28), C5a
can induce the release of secondary
chemoattractants that can amplify the
accumulation of immune cells. Com-
plement 5a exerts this effect through
the high-affinity C5a receptors (CD88
and C5L2). Complement 5a—CDS§8
signalling on macrophages may, for
example, increase the chemokine sub-
family interleukin (IL)-8/cytokine-in-
duced neutrophil chemoattractant
(CINC-1) (28-31). Interleukin-8 (in
humans) has a high degree of homol-
ogy with CINC-1 (in rodents, which do
not produce IL-8), and both CINC-1
and IL-8 bind to the same CXC2
receptor (CXC2R; 32). Thus, both C5a
and CINC-1 may direct PMNs to the
site of inflammation. It is believed that
C5a is involved in the initial recruit-
ment of PMNs, and that IL-8/CINC-1
is responsible for the more prolonged
influx (32,33). Production of CINC-1,
mainly from macrophages, is induced
by the proinflammatory cytokines
tumour necrosis factor-o and IL-Ip, as
well as by bacterial components such
as LPS (34). The C5aRA-induced
inhibition of complement activation
may also have changed other branches
of the inflammatory network, such as

Fig. 2. Digital X-rays showing maxillary right molar teeth in a Wistar rat given the com-
plement 5a receptor antagonist PMX205 in the drinking water (left) and a control animal
given drinking water only (right). Experimental periodontitis was induced by tying a silk
ligature around the maxillary right second molar tooth 3 d before PMX205 was adminis-
tered. A difference in loss of alveolar bone on the mesial surfaces of the second molars can be
observed. The mean bone loss was 0.86 + 0.08 mm in the PMX205-treated animals and

1.02 £ 0.13 mm in the controls.
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the production and release of pro- and
anti-inflammatory cytokines.

Recent studies indicate that the
gram-negative periodontal pathogen
Porphyromonas gingivalis can control
CSaR activation by generating C5a
through its own C5 convertase-like
enzymatic activity, and that P. gingi-
valis may use this mechanism to
proactively and selectively inhibit
TLR2-induced IL-12p70 release. In
addition, C5aR-deficient or TLR2-
deficient mice have been found to be
resistant to periodontal bone loss, and
C5RA-treated mice showed enhanced
clearance of P. gingivalis relative to
control mice (20,21).

Complement Sa has also been found
to increase the sensitivity to inflam-
matory pain. For example, blockade of
CS5aRs with a chemically similar
C5aRA (PMXS53) inhibits inflamma-
tory pain in humans, and the effect was
dependent on the presence of PMNs at
the inflammatory site (35). In line with
this, we have recently shown that sys-
temic blockade or desensitization of
primary sensory peptidergic neurons
induces weaker hypothalamic—pitui-
tary—adrenal axis responses and stron-
ger proinflammatory tumour necrosis
factor-o. cytokine to systemic LPS
stimulation in vivo, and inhibits exper-
imental periodontitis (36).

The final outcome of the adaptive
immune response depends on the
interactions of regulatory systems,
including those controlled by the brain,
such as the hypothalamic—pituitary—
adrenal axis and the sympathetic ner-
vous system, which together comprise
the stress response system, as well as
the parasympathetic and peptidergic
sensory nervous systems (37-39). For
example, our previous experiments in
rats have revealed that the reactivity of
these overarching regulatory systems
is an important determinant of the

susceptibility and progression of
experimental periodontitis  (40-46).
Furthermore, we have shown that

stress-related diseases, such as severe
anxiety and depression of the melan-
cholic type, as well as nicotine abuse,
may influence the severity of the dis-
ease by dysregulating these overarch-
ing immunoregulatory  pathways
(45,46). Thus, brain-controlled regula-

tory systems may be dysregulated,
either genetically, as we have demon-
strated in stress high-responding
Fischer 344 rats and stress low-
responding Lewis rats (40-42), and/or
by changes in the environment, as
demonstrated by stress-related diseases
and nicotine abuse (45,46).

Based on these data, we have sug-
gested that periodontitis may be the
result of a dysregulated or misguided
brain—neuroendocrine  balance that
reduces the ability of adaptive immu-
nity to respond optimally to patho-
gens, and thus to clear the colonization
of subgingival pathogenic dental pla-
que bacteria (45,46). Chronic overac-
tivity of the innate immune system may
be a compensatory response that pro-
tects the gingival connective tissues,
along with the entire organism, from
being infected by these pathogens.
Accordingly, we hypothesize that
periodontitis is the result of a hidden
benefit that protects against infection
in individuals with reduced ability to
respond with an optimal adaptive
immune response to pathogens. In
contrast to this, other investigators
have hypothesized that periodontitis is
due to insufficient removal of PMNs
and their products from the inflam-
matory sites (47), or that periodontitis
is due to pathogens that have ‘learned’
to escape host defence mechanisms,
including complement- and TLR-
mediated immunity (19,20,48.,49).

In conclusion, we have used a well-
established animal model of periodon-
titis to provide new information on
mechanisms involved in periodontal
tissue destruction. We have shown that
blockade of the major complement
cascade activation fragment, C5a, by
selective C5aRAs, potently inhibits
periodontal breakdown. Overactiva-
tion of the complement system, which
is one of the key components of the
innate immune response to infection,
may thus play an important role in
periodontitis. As discussed above,
there are several biological mechanisms
by which the C5aRA treatment may
impact upon the development of
experimental periodontitis. Further
studies are therefore required to
investigate whether immunotherapeu-
tic strategies with C5aRAs can switch

the immune system, not only away
from immunopathology, e.g. peri-
odontal tissue destruction as demon-
strated in the present study, but also
whether the ability to clear the coloni-
zation of pathogenic dental plaque
bacteria is affected.
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