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Summary

This study tested the hypothesis that pregnant female baboons exhibit
increased levels of various inflammatory mediators in serum resulting from
ligature-induced periodontitis, and that these profiles would relate to peri-
odontal disease severity/extent in the animals. The animals were sampled at
baseline (B), mid-pregnancy (MP; two quadrants ligated) and at delivery (D;
four quadrants ligated). All baboons developed increased plaque, gingival
inflammation and bleeding, pocket depths and attachment loss following
placement of the ligatures. By MP, both prostaglandin E2 (PGE2) and bacteri-
cidal permeability inducing factor (BPI) were greater than baseline, while
increased levels of interleukin (IL)-6 occurred in the experimental animals by
the time of delivery. IL-8, MCP-1 and LBP all decreased from baseline through
the ligation phase of the study. Stratification of the animals by baseline clinical
presentation demonstrated that PGE2, LBP, IL-8 and MCP-1 levels were
altered throughout the ligation interval, irrespective of baseline clinical
values. IL-6, IL-8 and LBP were significantly lower in the subset of animals
that demonstrated the least clinical response to ligation, indicative of
progressing periodontal disease. PGE2, macrophage chemotactic protein
(MCP)-1, regulated upon activation, normal T cell expressed and secreted
(RANTES) and LBP were decreased in the most diseased subset of animals at
delivery. Systemic antibody responses to Fusobacterium nucleatum, Porphy-
romonas gingivalis, Actinobacillus actinomycetemcomitans and Campylo-
bacter rectus were associated most frequently with variations in inflammatory
mediator levels. These results provide a profile of systemic inflammatory
mediators during ligature-induced periodontitis in pregnant baboons.
The relationship of the oral clinical parameters to systemic inflammatory
responses is consistent with a contribution to adverse pregnancy outcomes in
a subset of the animals.
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Introduction

Historically, adaptive immunity has been the focus of immu-
nological investigations related to infectious diseases, due to
the specificity of adaptive immunity and the opportunity
to create and evaluate vaccine strategies to individual
pathogens. However, during the initial contact with a
primary infection, the host protective armamentarium is
focused upon inflammation and innate immunity. Funda-
mentally, the innate immune system prevents entry of
microorganisms into tissues or, once they have gained entry,
eliminates them prior to the occurrence of disease. Thus, the

immune system is an interactive network of cellular and
molecular processes that are responsible for recognizing and
eradicating pathogens and other noxious molecules. The
acute phase response (APR) represents an early and highly
complex reaction to remove noxious challenge and restore
homeostasis. This process is accomplished by substantial
increases in the plasma levels of acute phase proteins that can
modulate immune cell function and neutralize the noxious
components challenging the systemic circulation [1,2].
C-reactive protein (CRP) is a classic member of this family
and one of the soluble pathogen-associated molecular
pattern (PAMP) recognition receptors. Lipopolysaccharide
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binding protein (LBP) and bactericidal permeability induc-
ing factor (BPI) are additional acute phase proteins with
direct actions providing anti-bacterial resistance in innate
immunity. In addition, systemic cytokine/chemokine
responses can be identified in patients with periodontitis
[3–5]. Interleukin (IL)-1b, tumour necrosis factor (TNF)-a
and IL-6 are principal pro-inflammatory cytokines with
pleotropic biological activities on immune and non-immune
cells, as well as in osteogenic pathways). IL-8 (CXCL8) is the
major neutrophil chemokine, while macrophage chemotac-
tic protein (MCP)-1 (CCL2), a major chemoattractant and
maturation signal for macrophages, and regulated upon acti-
vation, normal T cell expressed and secreted (RANTES;
CCL5) is a member of the IL-8 superfamily of cytokines. It is
a selective attractant for memory T lymphocytes and
monocytes. These chemokines have all been detected in the
serum of patients with microbial infections [6–10], includ-
ing periodontitis [11–14]. However, chronic stimulation
of these biomolecules generally represents dysregulated
responses, and is associated frequently with systemic disease
sequelae [15–21].

In some cases, particularly with polymicrobial infections
at mucosal surfaces, innate immune mechanisms may func-
tion exceptionally well to manage surface colonization by
commensal opportunistic pathogens and maintain homeo-
stasis [22–25]. Nevertheless, with respect to a number of
chronic inflammatory diseases, the interaction between the
challenge (e.g. bacteria) and the inflammatory and innate
immune response can result in collateral damage of the local
tissues. Adverse pregnancy outcomes provide a potential
example of these ramifications of a dysregulated host
response. Ascending vaginal infections trigger the local pro-
duction of various inflammatory mediators and matrix met-
alloproteinases (MMP), resulting in amnionitis that impact
placental functions negatively and lead potentially to fetal
infection [26–32]. Reports described relationships between
the presence of inflammatory mediators in amniotic fluid
and uterine contractions and/or birth in humans and non-
human primates. Proinflammatory cytokines/chemokines,
immunomodulatory and immunosuppressive cytokines and
prostanoids [e.g. prostaglandin E2 (PGE2)] are produced by
the amniotic and decidual membranes and can be found in
fetal circulation and amniotic fluid, often associated with
premature delivery. Expanding literature supports that the
levels of many of these cytokines/chemokines in serum are
also reflective of, and potentially contribute to, the risk for
premature rupture of membranes (PROM) with preterm
labour and delivery [26,32–35]. Consequently, relationships
between serum and local cytokine levels and their associa-
tion with adverse pregnancy outcomes are possible.

Periodontitis is a chronic oral infection with polymicro-
bial biofilms triggering a localized immunoinflammatory
lesion. The chronic inflammation undermines the integrity
of the epithelium and initiates connective tissue destruction,
with an eventual outcome of bone resorption and potential

for exfoliation of teeth [13,36–38]. The balance of inflam-
mation, innate immunity and adaptive immunity interfacing
with the complex commensal biofilms, controlling patho-
gens that emerge in the biofilms, minimizing local collateral
tissue damage from chronic inflammation and down-
regulating systemic responses to the infections remain ill-
defined. The commensal opportunistic pathogens provoke
both a localized and systemic response during the disease
[39–41], with systemic inflammatory responses being gener-
ally low in individuals with a healthy periodontium or in
subjects with reversible gingival inflammation (i.e. gingivi-
tis) and increasing in periodontitis patients [40,42]. Thus, an
interaction between the systemic responses to periodontitis
and the changes that occur during pregnancy could be pre-
dicted to increase the risk of adverse pregnancy outcomes
[43–45].

The objectives of this study were to document profiles of
various systemic inflammatory mediators in female baboons
during their pregnancy resulting from ligature-induced
periodontitis. The targeted mediators would be those that
could contribute to adverse pregnancy outcomes and might
be predictive of the biological risk linking periodontal
disease with these events. These data should contribute to
the development of a pathway that explores the contribution
of oral infection and systemic host responses to birth out-
comes using a non-human primate model.

Materials and methods

Animal husbandry, experimental design and
clinical measures

An experimental cohort of 288 Papio anubis (168 experi-
mental; 120 controls) were examined in this study. Inclusion
in the study is dependent upon the following criteria: (i)
dams must have a minimum of 20 teeth; (ii) be in good
general health based upon an examination by the veterinar-
ian; (iii) range in age from 6–13 years; and (iv) have pro-
duced previous offspring. Mothers were excluded if they
demonstrated systemic illness that required veterinary treat-
ment during the course of the project that would adversely
impact the pregnancy outcome (i.e. infection) and/or
administration of antibiotic and/or anti-inflammatory
therapy, which could confound the onset and severity of
periodontitis. Loss of body weight �15% also excluded the
baboon from further participation in this project. Nullipa-
rous dams (e.g. previous births increase likelihood of suc-
cessful breeding for this study), dams of extreme ages, either
younger or older, and those dams having fewer than 20 teeth
were excluded.

The animals were sampled prospectively at three time-
points during the study. The study design has been described
previously [46]; briefly, however, the experimental animals
were sampled at baseline (clinical examination, serum) and
teeth in quadrants one and four were ligated. A second
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sampling took place at mid-gestation (~3 months) into the
pregnancy and ligatures were tied on the contralateral max-
illary and mandibular quadrants (quadrants two and three).
The third sample was obtained from 2 to 10 days after deliv-
ery and the ligatures were removed. The controls animals
went through the same protocol and sampling processes,
without the placement of ligatures.

A complete periodontal evaluation was performed at each
of the three sampling intervals for supragingival plaque,
pocket depth, recession and bleeding upon probing [47,48]
at four sites on each tooth: distobuccal, buccal, mesiobuccal
and lingual (premolar, first and second molar) in each
quadrant. Attachment level values were calculated from the
pocket depth and recession measures [47,49]. Missing teeth
or teeth that could not be scored were noted. A gingival
bleeding score, following determination of the pocket depth
measure, was obtained. Ligatures were tied on the first and
second molar and second premolar teeth (teeth five, six and
seven) using 3–0 silk sutures. To promote inflammation, the
animals in the experimental group were placed on a soft
chow diet, consisting of commercial chow biscuits soaked in
warm water for 10 min and drained [50].

The Composite Index of Periodontal Disease (CIPD) was
developed to provide a single index value that would incor-
porate measures of both disease extent and severity and
included weighted measures of gingival bleeding and attach-
ment loss (unpublished data). For the CIPD we weighted the
variables such that the measure of destructive disease (CAL)
and the extent of destruction (% of sites with CAL >2 mm)
were increased in contribution to the CIPD. The CIPD
results demonstrated substantial heterogeneity of clinical
presentation of the baboons, not dissimilar from that
reported in human populations. A CIPD of <20 is consistent
with relative gingival health in non-human primates; 20–<50
represents gingivitis; 50–<75 mild periodontitis; 75–<100
moderate periodontitis; and >100 severe periodontitis.

Inflammatory mediators

Blood (approximately 10 ml) was obtained by femoral veni-
puncture into red-topped vacutainer tubes. The blood was
allowed to clot for 1 h, centrifuged for 15 min at 3000 g and
the serum removed and the serum prepared and stored at
-70°C after separation into 0·5–0·75-ml aliquots.

A panel of acute phase reactants, including C-reactive
protein (CRP), bactericidal permeability inducing factor
(BPI) and lipopolysaccharide binding protein (LBP) were
quantified using an enzyme-linked immunosorbent assay
(ELISA) developed in our laboratory (i.e. CRP) or obtained
commercially (BPI, LBP; Hycult Biotechnology, Cell
Sciences, Canton, MA, USA). Various serum cytokines/
chemokines, including interleukin (IL)-1b, IL-6, IL-8,
tumour necrosis factor (TNF)-a, macrophage inflammatory
protein (MIP)-1a (CCL3), regulated upon activation,
normal T cell expressed and secreted (RANTES) (CCL5),

IL-12p40 and MCP-1 (CCL2) were measured using a multi-
plex beadlyte assay on a Luminex IS-100 (Millipore, Billerica,
MA, USA). PGE2 levels were assessed using a commercial
ELISA kit (Assay Design, Ann Arbor, MI, USA).

Serum antibody levels

Immunoglobulin (Ig)G antibody levels to 20 bacteria were
determined by quantitative ELISA using formalin-killed
whole bacterial antigens, as described previously [51,52]:
Actinomyces naeslundii ATCC49340, Actinobacillus actino-
mycetemcomitans JP2, Campylobacter rectus ATCC33238,
Capnocytophaga gingivalis ATCC33624, C. ochracea
ATCC33596, C. sputigena ATCC33624, Eikenella corrodens
ATCC23834, Eubacterium nodatum ATCC33099, Fuso-
bacterium nucleatum ATCC49256, Micromonas micros
ATCC33270, Porphyromonas gingivalis FDC381, Prevotella
intermedia ATCC25611, P. loeschii ATCC15930, P. nigrescens
ATCC33563, Streptococcus gordonii ATCC49818, S. mutans
ATCC25175, S. sanguis ATCC10556, Treponema denticola
ATCC35405, Tannerella forsythia ATCC49307 and Veillonella
parvula ATCC10790.

Statistical analyses

Due to the extensive variability in mediator levels across the
population, the data were all transformed using a log10 trans-
formation and the antibody data were transformed using a
log2 transformation. Antibody data were standardized using
the antibody baseline mean and standard deviation to create
a Z-statistic for each individual animal [46]. An analysis of
variance (ANOVA) was used to determine differences among
the baseline disease categories with a post-hoc Holm–Sidak
assessment for individual group differences. Spearman’s cor-
relation on ranks was used to determine relationships
between the various host response variables, as well as to the
periodontal presentation of the animals.

Results

Serum inflammatory mediators in pregnant baboons

Figure 1 shows the levels of these mediators in the control
and experimental population during pregnancy, at baseline
and after ligation of teeth in two quadrants (MP) or four
quadrants (D). The results in Fig. 1a show substantial eleva-
tions in IL-6 occurring in the experimental animals at the
time of delivery, while PGE2 and BPI were both increased
over baseline, particularly at MP. IL-8, MCP-1 and LBP all
decreased from baseline through the ligation phase of the
study. The only change noted in the control animals (Fig. 1b)
was an increased level of PGE2 at MP. IL-1b, MIP-1a, TNF-a
and IL-12p40 were detected in <5% of the serum samples
tested and thus are not included in the data presentation.
Comparisons of the various mediator levels between the
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experimental and control groups at each time-point also
demonstrated that levels of IL-6, IL-8 and MCP-1 were sig-
nificantly different at delivery, while only LBP was signifi-
cantly different at baseline between these groups.

Serum inflammatory mediators and oral
clinical presentation

Due to the inherent clinical variation in the animals as they
entered the study, Fig. 2a,b stratifies the baboons based upon
clinical presentation at baseline into healthy (H) (CIPD
<20), gingivitis (G) (CIPD 20–<50) and periodontitis (P)
(CIPD >50) subgroups and depicts the levels of the various
mediators in serum from these subgroups of animals. The
results compare changes in the levels of the various inflam-
matory mediators during the 6 months of ligature-induced

disease. No differences were observed in the levels of any of
the analytes in serum comparing these experimental sub-
groups to the control animals at baseline. Similarly, no dif-
ferences were noted in CRP levels across the subgroups and
sampling times. PGE2 levels were elevated throughout liga-
tion in all the clinical subsets of animals. In contrast, BPI was
increased significantly at mid-pregnancy in the animals that
were healthy or had gingivitis at baseline, with significantly
lower levels at delivery in the subset with periodontitis at
baseline. A pattern of decreasing levels of LBP was noted in
all groups during the ligation phase of the study. IL-8 and
MCP-1 demonstrated patterns similar to the LBP, with
decreasing levels of these inflammatory mediators in all
subsets of animals throughout the entire 6 months of
ligature-induced disease. The levels of IL-6 were increased
significantly in all subsets at delivery, following 6 months of
periodontal disease, while RANTES levels were generally
similar across groups and times.

Serum inflammatory mediators and response
to periodontitis

Figure 3a–c provides a comparison of the mediator levels at
baseline, mid-pregnancy and delivery between clinical
subsets of animals. In this figure, each animal is grouped into
a subset based upon their particular disease presention (i.e.
CIPD value) at the baseline, mid-pregnancy and delivery
time-points. Thus, this approach focuses directly upon clini-
cal presentation and systemic inflammatory response rela-
tionships at the time-points. The results demonstrated
increased levels of IL-6 and BPI in the gingivitis and peri-
odontitis groups at baseline. In contrast, IL-8, MCP-1 and
RANTES showed decreasing levels comparing health to gin-
givitis to periodontitis in this population (Fig. 3a). PGE2 was
elevated significantly in the gingivitis subset of animals at
baseline. The data also indicate that IL-8 and LBP levels are
elevated significantly in experimental animals presenting
with health and/or gingivitis at baseline compared to the
control group of animals.

Interestingly, at mid-pregnancy (Fig. 3b), IL-6, IL-8 and
LBP were significantly lower, primarily in the subgroup that
demonstrated the least clinical response to ligation (i.e. H),
indicative of progressing periodontal disease. In contrast,
PGE2 demonstrated a significant difference, with lowest
levels in the periodontitis group. BPI levels were also signifi-
cantly lower in the periodontitis group at mid-pregnancy. It
can also be noted that the health and/or gingivitis animals
exhibited levels of PGE2, IL-8, MCP-1, BPI and LBP that were
significantly different from the control animal levels at
mid-pregnancy.

By delivery (Fig. 3c), as expected, no animals in the
experimental ligature group were determined to be peri-
odontally healthy (i.e. CIPD <20). IL-6 was the only media-
tor that was increased in the periodontitis animals at this
time-point. In addition, serum IL-6 levels were increased
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Fig. 1. Levels of systemic inflammatory mediators in baboons at
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significantly and IL-8 levels were decreased significantly in
both subsets of experimental animals compared to the
control animals at delivery. PGE2, MCP-1, RANTES and LBP
were all decreased in the most diseased subset of animals.
Both RANTES and LBP levels were increased significantly in
the gingivitis group compared to control animals, while
MCP-1 was decreased in the periodontitis group compared
to the control values.

Serum inflammatory mediators, antibody levels and
periodontal disease

Table 1 provides a summary of the relationships among the
levels of various inflammatory mediators throughout the
protocol. The results demonstrated significant correlations
among selected mediators, with CRP levels being indepen-
dent of the other inflammatory biomarkers. However,
the acute phase reactants, BPI and LBP, showed the most

consistent relationship as markers of systemic inflammation
throughout the pregnancy and ligature-induced disease.

Table 2 provides a similar assessment in relating the
inflammatory mediators to serum antibody levels to oral
bacteria at baseline, mid-pregnancy and delivery. Using a
forward stepwise regression to assess the level of antibody
specificity that best predicted the individual systemic inflam-
matory analyte levels, the results provided some interesting
outcomes. Generally PGE2, RANTES and BPI levels were
unrelated to the antibody responses. CRP, IL-8, MCP-1 and
LBP showed significant relationships to antibody response
profiles at baseline. IL-8 and MCP-1 levels maintained a
relationship to specific antibody profiles through mid-
pregnancy, including both antibody specificities and
direction. IL-6 levels were related to specific antibody pat-
terns at mid-pregnancy and delivery. Examination of the
overall systemic antibody responses indicated that responses
to F. nucleatum, P. gingivalis, A. actinomycetemcomitans and

Fig. 2. (a,b) Levels of systemic inflammatory

mediators at baseline (B), mid-pregnancy (MP)

and delivery (D) in experimental animals

stratified into clinical presentation at baseline

(H: health; G: gingivitis; P: periodontitis). The

bars denote the group means and the vertical

brackets enclose 1 standard error of the mean.

The asterisk (*) denotes significantly different

from other time-points at least at P < 0·05.
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C. rectus were associated most frequently with variations in
inflammatory mediator levels.

Finally, we attempted to model the oral clinical disease
expression via a specific profile of systemic inflammatory
responses. The results in Table 3 provide a summary of these
analyses. Levels of IL-6, IL-8 and LBP demonstrated a signifi-
cant profile across the entire population irrespective of the
sampling interval. Separating these comparisons into the
individual sampling times demonstrated that none of the
analytes profiled the oral clinical presentation at baseline.
However, at mid-pregnancy, PGE2 and RANTES were related
significantly to the oral disease, with only BPI levels as a
significant correlation of oral disease at delivery. Interestingly,
throughout the experimental protocol, the profiles of serum
mediators were less dependent upon the sampling interval,
and patterned more closely the actual clinical presentation of
the animals throughout the course of the study (Table 3).

Discussion

As more attention is being directed towards chronic diseases
in the human population, new concepts of aetiology and
resulting loss of tissue/organ function continue to develop.
Many of these chronic diseases have been identified to have
components of chronic inflammation, both locally and sys-
temically, that contribute to inducing collateral damage of
the host resulting in the clinical symptoms. The systemic
acute phase response with increases in various inflammatory
mediators is an important component of innate immunity
and is fundamentally designed to protect the non-immune
host from noxious challenge and to re-establish homeostasis
[2]. However, it is now recognized that the chronic stimula-
tion of this systemic inflammatory response provides
markers for risk of disease, as well as the probability that the
biomolecules of this response can actually contribute to the
disease processes.

Numerous studies have reported that chronic periodontal
infections trigger chronic inflammation that is expressed
locally as periodontitis [12,13], and systemically by eleva-
tions in various inflammatory mediators [2]. The levels of
these mediators are associated generally with the severity/
extent of periodontal disease, frequently decrease signifi-
cantly with periodontal therapy and are decreased in patients
who become edentate (Cunningham LL, Novak MJ, Stevens
J, Abadi B and Ebersole JL. The oral-systemic link: a bidirec-
tional relationship. submitted.). Thus, while the ‘cause and
effect’ relationship between the systemic inflammatory
mediators and periodontitis is difficult to document
unequivocally, the breadth of evidence indicates that chronic
periodontal infections may be a contributor to the burden of
risk for initiating and/or sustaining symptoms associated
with chronic inflammatory diseases.

We have described a non-human primate model of a
chronic polymicrobial periodontal infection and have dem-
onstrated a pattern of host responses similar to those which
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occur in human disease [53–55]. The baboon model of
ligature-induced periodontitis and pregnancy can be used to
assess the host response profiles during disease and to identify
some biological links with adverse pregnancy outcomes [46].
Periodontitis in the non-human primates elicited by ligature
placement is accompanied by changes in the subgingival
microbial ecology with bacterial species similar to those in
human disease [47,56,57]. This chronic oral infection elicits
elevated levels of local inflammatory, innate and acquired
immune mediators [12,13,58,59]. The results of this report
focused upon the capacity of the oral infection and disease to
trigger changes in the systemic host response apparatus,
manifested by changes in various acute phase reactants, and
inflammatory mediators and cytokines/chemokines.

Our previous results have demonstrated extensive vari-
ability in periodontal clinical presentation of the group of
female baboons, not dissimilar from the heterogeneity
reported in human populations, with some animals showing
pre-existing naturally occurring mild to moderate periodon-

titis [46]. Additionally, while all the experimental animals
subjected to tooth ligation developed significant increases in
gingival inflammation and destructive disease following
placement of ligatures during pregnancy, the changes in
disease in response to ligation exhibited individual variation.
Thus, it would be predicted that baseline analyte values, and
changes in these biomolecules during disease and pregnancy,
would be expected to reflect the clinical variability.

The results demonstrated significant differences in
selected serum inflammatory mediators during the ligation
phase of the study related to the time-point of the study and
associated with ligation of teeth in two quadrants (MP) or
four quadrants (D). Interestingly, the profile of inflamma-
tory mediators at the various time-points of disease was not
associated consistently with increasing disease, with only
IL-6 levels demonstrating a significant increase after 6
months of periodontal disease. The results suggested that
although there were variations in systemic analyte measures
related to periodontitis, individual variation in the clinical

Table 1. Relationship of serum inflammatory mediators in the baboons at each time-point of the study.

Inflammatory analyte Baseline Mid-pregnancy Delivery

CRP LBP↓ n.s. MCP-1↑
PGE2 RANTES↑ RANTES↑, BPI↑ BPI↑, IL-6↓
IL-6 MCP-1↑ n.s. PGE2↓
IL-8 LBP↓ MCP-1↑, BPI↓ LBP↑, BPI↓
MCP-1 BPI↓, LBP↓ n.s. CRP↑
RANTES PGE2↑ PGE2↑ n.s.

BPI MCP-1↓, LBP↑ PGE2↑, LBP↑, IL-8↓ PGE2↑, LBP↑, IL-8↓
LBP BPI↑, CRP↓, BPI↑ BPI↑, IL-8↑

MCP-1↓, IL-8↓

The arrows (↓ negative; ↑ positive) denote the direction of relationship of the mediators. Only mediators with correlations with P < 0·001 are

included. BPI, bactericidal permeability inducing factor; CRP, C-reactive protein; IL, interleukin; LBP, lipopolysaccharide binding protein; MCP,

macrophage chemotactic protein; n.s., no significant relationship between any of the mediators; PGE2, prostaglandin E2; RANTES, regulated upon

activation, normal T cell expressed and secreted.

Table 2. Relationship of serum inflammatory mediators to levels of serum antibody in the baboons at each time-point of the study.

Inflammatory analyte Baseline Mid-pregnancy Delivery

CRP 0·621 n.s. n.s.

Pg↑, En↑, Ec↓
PGE2 n.s. n.s. n.s.

IL-6 n.s. 0·452 0·573

Fn↑, Pg↑, Mm↓ Aa↑, Cr↓
IL-8 0·607 0·562 n.s.

Aa↑, Fn↑, Cr↓, An↓ Pg↑, Fn↑, Tf↓
MCP-1 0·545 0·453 n.s.

Aa↑, Pn↑, Cr↓,Sg↓ Aa↑, Fn↑, Ec↓, An↓
RANTES n.s. n.s. n.s.

BPI n.s. n.s. n.s.

LBP 0·457 n.s. n.s.

Cr↑, Pg↓, Fn↓,

The numbers denote an adjusted R2 value. The arrows denote the direction of antibody relationship to the mediator. BPI, bactericidal permeability

inducing factor; CRP, C-reactive protein; IL, interleukin; LBP, lipopolysaccharide binding protein; MCP, macrophage chemotactic protein; n.s., no

significant relationship between antibody and any of the mediators; PGE2, prostaglandin E2; RANTES, regulated upon activation, normal T cell

expressed and secreted.
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responses of the animals may have a substantial impact upon
interpreting the direct link between oral disease and systemic
responses. Moreover, while previous studies in human peri-
odontitis have suggested local involvement of a range of
mediators, including IL-1b and TNF-a, expression of these
proinflammatory response molecules were not observed in
the systemic responses of the baboons to periodontal disease
progression. This is consistent with differences in local versus
systemic cytokine/chemokine response profiles observed
with this disease in humans [13].

Therefore, we evaluated changes in the inflammatory
mediators through the 6-month ligation in subsets of the
animals based upon clinical presentation at baseline. These
results demonstrated consistent patterns of systemic inflam-
mation related to progressing periodontitis. PGE2 levels
increased significantly by MP and remained elevated
throughout the entire pregnancy. Similarly, BPI levels were
also increased significantly by MP in most of the animals and
generally decreased substantially by delivery. LBP levels were
elevated generally at baseline and decreased significantly
throughout the disease process. As was noted with the popu-
lation as a whole, IL-6 levels were increased significantly by
delivery, irrespective of the baseline clinical characteristics of
the animals. Both IL-8 and MCP-1 decreased from baseline
throughout the study, with the lowest levels of IL-8 in serum
samples obtained at delivery, unrelated to the clinical pre-
sentation of the animals at baseline. A summary of these
outcomes was that the clinical presentation at baseline had
less impact on the systemic inflammatory mediator levels
than the effect of the continued disease over 6 months

induced by ligation and creation of chronic periodontitis in
the animals.

Finally, based upon these findings, we evaluated response
differences in subsets of animals as they progressed through
the experimental challenge during pregnancy. Thus, at base-
line, stratification of the animals related to naturally occur-
ring oral health/disease showed some distinct differences
in serum inflammatory mediators that differentiated the
healthy from gingivitis from the periodontitis groups. At
mid-pregnancy after 3 months of ligature-induced chal-
lenge, the animals were restratified based upon their clinical
response to the ligatures. Substantial differences in the
analyte profiles were notable, with the group demonstrating
the highest level of periodontitis showing elevated levels of
IL-6, IL-8 and LBP and significantly decreased levels of PGE2

and BPI. By the time of delivery, and following ligation of
teeth in four quadrants, all animals had a CIPD >20 (not
periodontally healthy). Again, the most diseased animals
provided a profile of serum analytes that was distinctive
from animals expressing primarily gingival inflammation,
with a lower level of destructive disease. These data suggested
that the variation in naturally occurring periodontal inflam-
mation and disease in the female baboons was reflected by
patterns of systemic inflammation. Moreover, those animals
that responded more robustly to the infection burden
accompanying ligation generally demonstrated a unique
profile of mediator levels. As we have observed previously,
these findings are consistent with a subset of these non-
human primates that show an increased susceptibility to
dysregulated local responses eliciting greater disease and
allowing a more substantial challenge to the systemic inflam-
matory apparatus. These outcomes would also suggest that
animals with a more effective adaptive immune response to
the microbial challenge would demonstrate less disease,
as we have reported previously [46,55], and less systemic
challenge with lower serum inflammatory responses. Exami-
nation of the relationships between the inflammatory
mediators and antibody in serum showed that elevated or
decreased antibody specificities were coincident with levels
of selected mediators. However, identification of a particular
pattern of antibodies that best described the systemic
inflammatory response profiles was somewhat complex.
Generally, the acute phase reactants were delineated by
unique patterns of antibody responses that were observed at
specific time-points during the study. The chemokines IL-8
and MCP-1 demonstrated some similarity in the patterns of
antibody correlations, particularly at baseline and mid-
pregnancy. IL-6 levels were best described by distinctive anti-
body specificities during the protocol. However, of the 20
antibody specificities that were evaluated, levels of F. nuclea-
tum, P. gingivalis, A. actinomycetemcomitans and C. rectus
showed some consistency in contributing to relationships
with the range of inflammatory mediators analysed.

However, within the model system, a pattern of the serum
analytes provided some insight into describing the

Table 3. Multiple linear regression analysis of serum inflammatory

mediators and CIPD values as dependent clinical measure.

Grouping Model (P =) Analytes

Total <0·001 IL-6; <0·001↑
IL-8; 0·046↓
LBP; 0·009↓

Baseline n.s. n.s.

Mid-pregnancy 0·013 RANTES; 0·031↑
Delivery 0·043 BPI; 0·022↓
Healthy <0·001 IL-6; <0·001↑

MCP-1; 0·047↓
BPI; 0·046↓

Gingivitis n.s. CRP; 0·018↓
Periodontitis 0·008 PGE2; <0·001↑

IL-8; 0·046↓

The numbers denote P-values for the analytes and model. The

arrows denote the direction of mediator relationship to the Composite

Index of Periodontal Disease (CIPD) values representing the oral clini-

cal presentation. BPI, bactericidal permeability inducing factor; CRP,

C-reactive protein; IL, interleukin; LBP, lipopolysaccharide binding

protein; MCP, macrophage chemotactic protein; n.s., no significant rela-

tionship between CIPD and any of the mediators; PGE2, prostaglandin

E2; RANTES, regulated upon activation, normal T cell expressed and

secreted.
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expression of disease. We observed a clear association of
IL-6, IL-8 and LBP levels across disease expression and
throughout pregnancy. When broken down further, we
observed that these relationships were related primarily to
the characteristics of the disease expression in the individual
animal, and generally related less to the stage of pregnancy at
which the sample was obtained. That is, the mediators
appear to reflect most clearly the clinical parameters of the
oral disease, with minimal impact of the time–course of
pregnancy in this model.

This study provides an evaluation of the systemic response
characteristics of female baboons to ligature-induced peri-
odontitis during pregnancy. Our findings support that
ligature-induced periodontitis in baboons elicits changes in
systemic inflammatory mediators. Moreover, a subset of the
population of baboons that demonstrated a greater clinical
response to ligation during pregnancy exhibited a discrete
systemic inflammatory response. This model of periodonti-
tis and pregnancy resulted in alterations in the level of serum
inflammatory mediators throughout the pregnancy and will
provide an opportunity to delineate risk factors for oral–
systemic disease linkages.
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