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ABSTRACT

The general hypothesis of this series of studies that oral infections, particularly
periodontal disease, by triggering inflammatoryctiess detrimentally affect systemic
health where inflammations are known to play a falgehe pathogenesis, namely
cardiovascular disease and cancer. Consequendygeheral aim was to study the
association between oral biofilm and certain oraroaorganisms, periodontal disease,
and selected inflammatory markers with a focus thkerasclerosis and breast cancer
(BC).

In Study ) the aim was to examine the involvement of a laigiount of dental plaque,
severe gingival inflammation and periodontal diseas the development of early
atherosclerotic lesions in women. The carotid m$erwere examined with
ultrasonography. Periodontal disease appeared sogsacipal independent predictor
in the development of atherosclerotic process womih periodontal disease. Our
findings indicated that a high amount of dentafpks severe gingival inflammation as
well as periodontal disease seemed to be associaid the development of
atherosclerotic lesions in women already at thiy eaibclinical stage. Iistudy Il the
aim was to examine early atherosclerotic changesamtid arteries and relate the
findings to the serum levels of high-sensitivityré&active protein (hsCRP) in subjects
whose periodontal status have been followed foteast 18 years. Women had
significantly lower hsCRP values and significantigher high-density lipoprotein
(HDL) cholesterol values than men. Neverthelessnamwith periodontal disease had
significantly more atherosclerotic lesions than weomwithout periodontal disease.
Increased levels of hsCRP could not discriminage ghtient group from the control
group for either men or women. Periodontal diseass identified as the major
independent predictor of increased carotid artesjohs. Hence, periodontal disease
might nevertheless present a risk for atherosaterbsease, particularly in women,

irrespective of low hsCRP levels.

In Studyll, the aim was to evaluate the incidence of BC injexis with periodontal

disease and the characteristic tooth loss in aelB-yprospective investigation.
Participants diagnosed with periodontal diseaseBfhdhad significantly more missing
molars when compared with subjects with periododiséase but without BC. The

difference in the prevalence of BC in subjects witriodontal disease and with or



without any missing molar in the mandible was digant. Thus, chronic periodontal

disease indicated by missing molars seemed todoeiated with the incidence of BC.

In Study 1V the aim was to investigate in subjects with aitiaut periodontal disease
the levels of salivary albumin, total protein, andtrix metalloproteinases-8 (MMP-8),
with or without the simultaneous presence of spe@griodontal micro-organisms
detected by polymerase chain reaction (PCR) inigahgrevicular fluid (GCF). The
presence of bothlreponema denticolaand Tannerella forsythiaassociated with
increased MMP-8 concentration in GCF. Furthermthne, presence of. denticola
associated with increased albumin and total pratenctentrations in saliva. Btudy V
the aim was to assess the association betweerspsit#fic subgingival micro-
organisms and the levels of MMP-8 and MMP-9 at wts. T. denticolawas
significantly more present at test sites in patietampared with the control group.
Furthermore, the site -specific preseficadenticolain GCF appeared to increase the
release of MMP-8 and MMP-9 at test sites. Thus,réselts fromStudies [Vand V
confirmed the assumption that periodontal micrcaargms might indeed trigger an
inflammatory host-response.

Summing up, periodontal disease was found to beceded with subclinical
atherosclerotic lesions and also a higher incidesicBC. FurthermoreT. denticola
associated with increased salivary albumin, tataigin as well as with higher levels of
MMP-8 and MMP-9 in GCF, indicating a possible inflaation triggering capacity of
the oral biofilm. Thus, our findings did confirm rowprimary hypotheses. The

associations indicate that periodontal diseasetrpigge a threat to systemic health.

Keywords: periodontal disease, periodontitis, oral biofilngental plaque,
inflammation, atherosclerosis, breast cancer, wgalgicrevicular fluid, matrix
metalloproteinase, C-reactive protein, carotid g micro-organisms, salivary
proteins,Treponema denticola
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INTRODUCTION

ORAL BIOFILM

Van Leeuwenhoek, a scientist from the Netherlandsymonly known as “the Father
of Microbiology”, was the first to observe and d#se single celled organisms, which
we now refer to as micro-organisms. The oral manganisms were the first do be
studied by Van Leeuwenhoek, already in the year31@&% using a handcrafted
microscope (1). Oral biofilm play a key role in thetiology of oral disease. Biofilms
are microbial communities composed of numerousrg@v@rganisms that exist in a
collective state (2, 3). Dental plaque has beemeéédfas a microbial community that
develops on the tooth surface, embedded in a matrpolymers of microbial and

salivary origin. Dental plaque is a microbial commity with a very complex structure

and marked genetic diversity (4).

The oral microbial community is one of the mostigate microbiota in the human
body. Both pathogenic and commensal micro-organe¥exist in the oral biofilm (5).
The composition of the micro-organisms differs edw the dental plaque above the
gingival margin (supragingival plague) and thablethe gingival margin (subgingival
plaque) (2, 6, 7). A pellicle consisting of protesnd glycoproteins is formed promptly
after cleaning of the tooth surface, and the supgagl plaque starts to develop (8).
Since a small numbers of micro-organisms can nylfigst, the re-colonization of
micro-organisms on oral surfaces after physicalorehoccurs rapidly and consists

mostly of Gram-positive, facultative coc8itreptococcuandActinomycespecies (9).

Experimental research and clinical trials have agg#ly confirmed the importance of
effective removal of dental plaque to maintain dreilth (10-12). The role of dental
plague was reported to be associated with orarnmfhatory diseases more than half a
century ago (13-15). Effective removal includes dyamal hygiene together with
interproximal cleaning, in addition to regular biiwf removal by professionals (16).
Bacterial enzymes in the dental plaque can dirextly indirectly, as a consequence of
the host inflammatory response, cause destructidissues and lead to periodontal

diseases (17).



PERIODONTAL DISEASES

Periodontal diseases involves the supporting tssstithe teeth and generally refers to
the inflammation of the gums (gingivitis) and thesties surrounding the teeth
(periodontitis) (18). Gingivitis, a common inflamtman in the periodontal tissue, is
caused by accumulation of dental plaque. Dentgjugaevelops on the teeth within 24
hours, causing gingivitis in 10-21 days (10). Sahthe early clinical signs of gingival
inflammation are redness of the gingival margingling and spontaneous bleeding.
Both patients and dental practitioners underesértia disease though, since chronic

gingivitis seldom manifests with spontaneously tieg and is often painless (19).

Periodontitis is characterized by inflammation tlettends deep into the tissue,
destruction of supporting connective tissue, ancea@har bone loss. One clinical
indication of periodontitis is the developing oftsiissue pockets between the gingiva
and the tooth root Figure 1). Even though chronic periodontitis is usually
asymptomatic, it can result in loosening of teethpradic pain and discomfort,
ultimately leading to tooth loss (20-22). Furthereat seems that gingivitis precedes
periodontitis, teeth that consistently are surr@dhdy inflamed gingival more

frequently lead to tooth loss (19).

GINGIVITIS PERIODONTITIS

Plaque

Inflammation

Pocket
depth

Loss of
bone

T
/J&A@
Figure 1. Gingivitis is an inflammatory condition affectingpet supra alveolar periodontal
tissues, while periodontitis is a chronic inflamorgt condition affecting deeper periodontal

tissues, such as the connective tissue attachmenbene. Reprinted with permission from
Oxford University Press, from Sasral (2010) (23).



Mild to moderate periodontitis affects as many &5@% of adults, and severe,
generalized periodontitis is seen in about 5-20%dflts (24, 25). Nevertheless, any
information about the prevalence must take int@atthe study population as well as
the definition of periodontitis used (25, 26).

Periodontitis is a multi-factorial disease withamplex pathogenesis (18). Most of the
tissue destruction occurs as a consequence obgtearhmune-inflammatory response,
although micro-organisms are the main etiologiganas. Furthermore, the response is
altered by both genetic and environmental riskaiac(27). Smoking is one of the most
recognized risk factors for periodontitis. Smokearg reported to be much more
susceptible to developing periodontitis than nomisens (28, 29). Increased age,
genetic predisposition, diabetes, psychosociabstesd several uncommon systemic

diseases are also considered risk factors for ghamidis (20, 26, 27).

Environmentaland
acquired risk factors

Fa 3  Antibody Cytokines
and
, Prostanoids f| | o ctive Clinical signs
S Hostimmuno- fdi
Microbial inflammato tissue and of disease
challenge n bone initiation and
response .
° metabolism progression
“\:J/

Virulence
Factors

Geneticrisk factors

Figure 2. Model of pathogenesis of periodontitis adaptednfidage and Kornman (1997).
Periodontitis is a complex disease, and althougtrar@rganisms are the main etiological
agents, most of the tissue destruction occurs asoresequence of the host immune-
inflammatory response. Furthermore, both genetid environmental risk factors (e.g.
smoking) can affect the response (27).(PMNs: pohlpmonuclears, LPS: lipopolysaccharide,
MMPs: matrix metalloproteinases)




CLINICAL CONCEPTS AND THERAPY

The clinical diagnosis of periodontitis is usudiigsed on both visual and radiographic
assessment. Destruction of the periodontal tissumeiasured by estimating the spaces
between tooth enamel and cement and gingiva (3tmare normally 1-3 mm (31).
Pocket depths, the amount of dental plaque, caculmd gingival bleeding are
registered during a clinical examination to diagnesisting disease, to determine the

prognosis, and to monitor disease progression (30).

The basis for periodontal therapy is to mainly oanthe biofilm with anti-infective
non-surgical treatment. Disease progression carinbibited for many years by
controlling the periodontal biofilm with professilly administrated oral hygiene (32).
The goal with disrupting the biofilm is to decredabe microbial load, leading to a
decrease in substances associated with perioddi8). The most effective therapy to
eradicate periodontal infection and control gingirdlammation is by combining
supra- and subgingival debridement with oral hygi@wstructions (34). A continual
absence of gingival inflammation is necessary thies® a successful periodontal
therapy (11).

If periodontal infection remains after the healpigase, periodontal surgery could be
required to remove subgingival microbial depositanbined with tissue regeneration
procedures to restore parts of the lost perioddrsslies (34). In cases where patients
do not respond well to the mechanical therapy ocases with a more aggressive
disease form, the use of systemic antibiotics imhboation with mechanical
periodontal therapy is recommended (35). Noveltinent approaches have focused
on developing drugs that suppress host-destrugatbways, e.g. subantimicrobial
doses of doxycycline have anticollagenolytic fuoiet and suppress tissue destruction
(36).

Gingivitis is preventable and reversible with daibyal hygiene (10). Successful
treatment might eliminate inflammation and may evegenerate some bone and
connective tissue, but complete restoration ofldise tooth support is impossible and

periodontitis is therefore considered an irrevéesilisease (20).



PERIODONTAL MICROBIAL ECOLOGY

The human oral cavity contains numerous differeabitats colonized by micro-
organisms. More than 700 of bacterial species baen identified in the human oral
cavity and most of them in dental plaque (37-39)e Btructure and composition of
supragingival flora differs strikingly from thosd subgingival flora (40). The total
number of microbial cells in subgingival plaqueeiimated to be 33 x ih healthy

subjects, compared with 174 x®10 periodontitis patients (2).

Porphyromonas gingivalisand Tannerella forsythiaare Gram-negative bacteria
associated with bone loss and together with thedpeéteTreponema denticolthey
form the “red complex”, a cluster that is detectadre frequently in subjects with
periodontitis (39, 41, 42). The presence of thal “‘templex” species in subgingival
plague is associated strongly with pocket depth blekding on probing. Sites
harboring all three species of the “red complex/esded the deepest mean pocket
depth (17). Subgingival counts are higher in subjedth periodontitis than in the
periodontally healthy, and the major differencesiadeed found primarily among the
species of the “red complex” (2)ggregatibacter actinomycetemcomitaasa Gram-
negative facultative anaerobe (43) found more featjy in subjects with periodontitis
and commonly present in juvenile periodontitis (4evotella intermedidelongs to
the “orange complex” and is also one a predomispaties in the gingival crevice of

subjects with severe periodontitis (9, 17).

The healthy oral cavity harbours a characteristarabial flora that differs from that of
oral disease (37). Aast al (2005) examined subgingival plague samples frame n
sites from five clinically healthy subjects. Thecno-organisms of the “red complex”
were not detected at test sites by culture-indeganeholecular techniques (37). Even
if accumulation of micro-organisms on teeth is m8ae to the initiation and
progression of periodontitis, and the predominai@robiota found in disease differs
from that in health, there is no evidence thatnglsi or unique pathogen is causative
(37, 45).



HOST-RESPONSE FACTORS

Periodontitis is initiated by a microbial infectiorfiollowed by a host-mediated
destruction of soft tissue. Thus, tissue destroctiod alveolar bone loss are the result
of prolonged microbial challenge and degeneratiiammation (18, 33, 46-48).
Inflammation is a biological response caused bygagical stimuli to protect the
organism, remove harmful stimuli and to start tealimg process of the tissue (49, 50).
Inflammatory mediators originate from plasma pmeor cells, including mast cells,
platelets, neutrophils, monocytes/macrophages, Bahdnd T-cell lymphocytes, and
they play a significant role in the process ofanimation (33, 51, 52). Hyperactivated
or primed leukocytes produce cytokines, eicosanaiad metalloproteinases that cause

destruction of connective tissue and bone (33).

The subgingival microflora can produce toxins thiatvoke an immune-inflammatory
response, leading to host-mediated tissue destnu¢b3-55). Lipopolysaccharides
(LPSs) and proteases are example of toxins thatricayer tissue destruction. LPS is a
very potent toxin that can elicit several pathopblggical effects (33). LPS can trigger
macrophages to produce cytokines, which play a i@y in periodontal bone
resorption (18, 56). Although micro-organisms caitidate periodontitis, the disease
outcome depends on host-response factors and emeérdal and genetic factors (27,
46, 57) in agreement with the basic principlesndédtious diseases. Studies of twins
have shown that approximately 50% of the variationthe severity of periodontitis is
explained by genetic influences (57, 58). Genetilyrporphisms have been coupled
with periodontitis (59), but evidence in supportloé use of genetic tests to assess risk

or predict treatment response is still lacking 6&)-

Saliva

Saliva is mainly produced by the major glands (pdysubmandibular and sublingual)
and by hundreds of minor salivary glands. Salivae®mplex oral fluid that consists of
a mixture of secretions from all of the salivaryargls (63), and can contain

immunoglobulin’s (Ig), cytokines and other glycotgios (64).

Specific antibodies in saliva have been examinedhf&r diagnostic potential (65, 66).
Patients with periodontitis have been reported aeehhigher IgA and IgG levels in
saliva than non-periodontitis control subjects (&§liva can also include non-salivary

components such as gingival crevice, serum, and deposits (68). A range of protein



components have been identified in saliva, buttaildd understanding of its protein
composition has not yet been established (69).cbheentrations of albumin in saliva
reflect a passive contribution of serum-derivedgrs, which could potentially be due
to epithelial inflammation. Changes in albumin camtcations of saliva can be used as
a marker for systemic diseases (70, 71). Diminugin®unts of albumin are normally
detected in the saliva of orally healthy individsjaland the concentrations are

significantly increased in the transition to girgig/or periodontitis (72).

Gingival crevicular fluid (GCF)

Gingival crevicular fluid (GCF) is a filtrate of dbd and an exudate of the inflamed
periodontal tissue (73, 74), with a recognized wiegjic potential (75-78). GCF
contains leukocytes, particularly polymorphonuclé®MN) granulocytes, host-
derived molecules from blood, and substances framrororganisms of the dental
plague (79). The ecology of the gingival crevicénighly anaerobic and differs from
that of other sites in the oral cavity (2, 80). G@GRy indicate systemic disease since it
contains most of the humoral and cellular defeas®fs found in serum. GCF also has
a number of complex proteins and glycoproteins ¢that serve as novel substrates for
microbial metabolism (75, 81-84). The collectiord @malysis of GCF provide a useful,
non-invasive, site-specific method to assess anaitorahe pathophysiological status
of the periodontium (85-87). The flow of GCF isatilely slow at healthy sites, while
its production rises during inflammation in periatlos (88), from approximately 3
pL/h in healthy sites and up to 4d./h in periodontitis-affected sites (74). This et
thesis focuses on the presence of certain subgihgiicro-organisms in GCF, as well

as the levels of selected host-derived enzyme iR.GC

Matrix metalloproteinase (MMP)

Matrix metalloproteinases (MMPs) are zinc-dependmoteases considered to play
important roles in diseases such as arthritisoderititis, and atherosclerosis, and in
cancer cell invasion and metastasis (89-91). Theyimvolved in the process or

degradation of various extracellular, pericellutard non-matrix substrates (91-95).
Most of the MMP activity and expression is undeibbt low or at quiescent levels in

intact normal tissues (85, 95). The activity of tMMPs is regulated by their

endogenous inhibitors, the tissue inhibitors ofatkeproteinases, known as TIMPs. An
imbalance between MMPs and TIMPs can contribute tange of inflammatory and

malignant pathological processes (96).



At present, 25 members of the MMPs multigene farhdye been recognized and
categorized, 24 of which are found in the humanogen (91-95, 97). MMP-8
(collagenase-2) is synthesized during maturatiothef PMNs in the bone marrow.
MMP-8 can also be produced by articular chondracyied by resident synovial and
gingival fibroblasts, epithelial cells/keratinocgteodontoblasts, oral cancer cells,
monocytes/macrophages and plasma cells duringetitféenflammatory diseases such
as arthritis and periodontitis (98-103). MMP-9 (d2a gelatinase B) can be expressed
by different cell lines such as keratinocytes, @dgssts, eosinophils, neutrophils, and
macrophages (91, 95, 103-105).

MMP-8 and MMP-9 derived from PMNSs, have been regmbtb be the most common
MMPs in periodontitis-affected GCF (95, 105). Timensity and degree of MMP-8
and MMP-9 activation have been reported to be esdthwith increasing periodontal
disease severity, and to decrease after periodtnetiment (85, 86, 95, 106). The
biological function of the association between @aontitis and MMP-8 levels has not
yet been clarified, but elevated levels of MMP-8ildocontribute to the excessive and

sustained proteolysis that results from the destnuiof periodontal tissues (107).

The plasma levels of MMP-8 and MMP-9 were increasedyocardial infarction (Ml)
patients (108). An increased level of MMP-8 expimssias been reported to be a good
biomarker for cardiovascular outcomes since ibisetated with atherosclerotic plaque
vulnerability (109, 110). MMPs also play a rolermalignant pathological processes
(111). Even though MMP-8 plays a role in the depelent of an inflammatory
response, a anti-inflammatory role during recoveag also been described (112).
Increased MMP-8 expression in breast cancer sezimsibit the ability of the cancer

cells to spread and MMP-8 has been reported to dwaamtitumor function (113, 114).



PERIODONTITIS AND CARDIOVASCULAR DISEASE (CVD)

Cardiovascular diseases (CVDs) with outcomes sadfllaare common in adults and
a leading cause of death (115). Elevated levelsowtdensity lipoprotein (LDL)
cholesterol, hypertension, smoking, male gended, law socioeconomic status are
some of the risk factors for CVD (116). The Franhiaign Heart Study showed that low
high-density lipoprotein (HDL) cholesterol was aosger risk factor for CVD than
high LDL cholesterol (116, 117).

The proposed theory that oral infections, partidylgperiodontitis, confer an
independent risk for CVDs has been studied in ségidemiological investigations
(118-123). An association between acute MI andopentitits was first described by
Mattila et al (1989) (124), followed by studies reporting thatdividuals with
periodontitis had an increased risk of subsequard €125, 126). A meta-analysis
concluded that periodontitis is an independentviesk risk factor for CVD, with a
relative risk of 1.15-1.19 (127).

Plausible biological mechanisms for an associat®iween periodontitis and
atherosclerotic CVD have been proposed, but atdisaesal relationship has yet to be
established (23, 120). By measuring biomarkerhénplasma, periodontitis has been
associated with increased systemic inflammatio8)X1PPS and other products from
Gram-negative micro-organisms may be able to sétautytokine production, activate
monocytes, and provoke release of acute phasaned@td, 129). Furthermore, studies
have shown that periodontitis and atherosclerosts associated with endothelial
dysfunction (119, 130) Endothelial dysfunction &vilence of systemic inflammation
has been reported in subjects with severe perigdot31), which could be one
potential mechanistic explanation for the link betw periodontitis and CVD.
Recently, Tonettet al (2007) conducted a randomized, clinical triatt@luate of the
effect of periodontal therapy on endothelial fuostwithin six months. The authors
reported that intensive treatment of periodontitist resulted in acute, short-term
systemic inflammation and endothelial dysfunctiou, after the six-month observation
period in improved endothelial (132). Some othardists have also shown an
improvement in endothelial dysfunction after peadothl therapy (133). A state of
endothelial dysfunction in the vascular wall cobkelthe result of a repeated systemic

exposure of oral micro-organisms, bacterial endogmxand systemic inflammation



(23, 134-136). However, the mechanism by which golemtitis affects endothelial

function remains unknown.

Another mechanism in the link between periodont#isl CVD could be that the
microbial pathogens derived from the subgingivabfith are involved in the
pathogenesis of atheroma plaque formatkigure 3) (137, 138). Some oral bacteria
species associated with the pathogenesis of petitiddave further been detected in
atheroma plaque (139-141). Viable oral bacterialccawt be isolated from the
atheromas, even when DNA of periodontal pathogess detected in atherosclerotic
plaques (142). Pussinen and co-workers uncoveressotiation between markers of
A. actinomycetemcomitaasdP. gingivalisinfections in serum and future stroke (143)
and increased risk of Ml (144, 145). Clinical tsidlave reported temporary bacteremia
after different dental procedures such as scalpegjodontal surgery, and dental
extraction (146). However, oral bacteria are moegdently exposed to the vascular

system by such normal daily actions as tooth bngsand chewing (147).

Figure 3. Potential model of pathogenesis of periodonttrsl ischaemic cardiovascular
diseases. A systemic dissemination of certain lmateria and their metabolites might have a
direct or indirect influence on the pathophysiolagythe atheroma. Reprinted with permission
from Oxford University Press, Saarzal (2010) (23).

Many shared risk factors, such as diabetes meliithssity, lipids, and hypertension,
are common both in periodontitis and CVD and spkeakan indirect relationship,
confounders, such as smoking, have therefore toobsidered in this regard (148,
149). Subjects with poorly controlled diabetes lfbtyppes 1 and 2) are more likely to
have periodontitis than individuals without dialset€l50). Other confounders,
including depression, physical inactivity, familystory of CVD and periodontitis,

advanced age, and male gender are important agh#6|l 151, 152).
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Atherosclerosis

Atherosclerosis is a low-grade chronic systemitammmation that has been linked to
adverse cardiovascular outcomes (153). One of tie nisk factors for atherosclerosis
is high plasma concentrations of cholesterol, paldirly LDL. The process of
atherogenesis is widely considered to consist efattcumulation of lipids within the
artery wall (154). Lifestyle changes and use ofaiggharmacologic approaches have
been recommended to reduce plasma cholesterol rmoatiens (155). Still,
atherosclerotic CVD is one of the major causeseattild and approximately half of the
patients with CVD do not have hypercholesterolemidus, factors besides
hypercholesterolemia might be of importance (158, 157).

Inflammation has a key role in the pathogenesiatbérosclerosis; it is presumably
involved in the initiation, but also in the progsem to infarction (158). The cellular
interactions in atherogenesis are similar to tlods#her chronic inflammatory diseases
such as rheumatoid arthritis (159). Atherosclerdgsions mainly affect large and
medium-sized elastic and muscular arteries and tneglst without complications.
Plaque rupture or thrombosis can, however, leagttemia of the heart, brain, or other
parts of the body and result in infarction (153nddth muscle cells proliferate and
monocyte-derived macrophages and T-cells replidateng growth of atherosclerotic
lesions. Monocytes are present in the processhef@jenesis, and monocyte-derived
macrophages secrete cytokines, chemokines, gregtiating molecules, MMPs and
other hydrolytic enzymes (153).

Thickness of artery wall

Numerous clinical studies have used surrogate madéesubclinical atherosclerosis to
verify the advantageous effects of different inéemion on the progression of
atherosclerosis (160-165). Measurement of caratierial wall thickness is mostly
used since it is non-invasive and easy to accedsdbyresolution ultrasounds (160,
163). The intima-media wall thickness (IMT) of tlvarotid artery is a common
measure of preclinical atherosclerosis, and inect#dT ¢ 1 mm) is associated with a
higher risk for acute Ml and stroke (166, 167). Idn be affected by changes in the
tissue mass in the inner layer as well as by sanattus widening of the vessel.
Increased diastolic blood pressure or a compensatolening in atherosclerotic wall
changes could thus decrease the IMT. By calculatiigna-media area (CIMA) the

potential source of error, can be overcome (163).
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Associations with both periodontitis and tooth Ibss been reported using IMT as a
variable (168). The ARIC study observed that inguds with severe periodontitis there
was a 30% increased risk of having IMI1 mm, suggesting that subclinical

atherosclerosis is present in patients with pentitle (130, 169).

C-reactive protein (CRP)

Biomarkers with high predictive value for futurerdiavascular events, mainly serum
proteins involved in the pathophysiology of atheteosis, have been studied (170-
177). The markers for cardiovascular risk are idéehto be utilized in clinical trials
and preventive programs (178). The most studiechaiker, C-reactive protein (CRP),
has been considered a key marker of atherosclemodia risk predictor for CvVD (179,
180). CRP, mainly produced by the liver, is an eqltase protein that is normally
present at low levels in plasma. In a responseftamnmatory stimuli, the levels of
plasma CRP can increase markedly (181, 182). Ajraadthe 1980s, CRP was
reported to be increased in patients admitteddoteaMI (183).

An increased level of CRP in serum has been rgpantesubjects with periodontitis

(184-188). Subjects with advanced periodontitis hégher serum levels of high-

sensitivity CRP (hsCRP) than healthy controls (131RP levels seemed to be
consistently higher (>2.1 mg/L) in patients withripdontitis than in healthy or

gingivitis controls according to a recently pubédh systematic review (128).

Furthermore, a reduction in CRP after intensiveopental therapy has been reported
(189-191).
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PERIODONTITIS AND CANCER

Carcinogenesis has been described as “a multisiepess and these steps reflect
genetic alterations that drive the progressivest@amation of normal human cells into

highly malignant derivatives” (192). Several repdnave shown that malignancies are
initiated by infections (174, 176, 193, 194), anmduad 15% of the malignancies

globally are caused by infections, comprising rillion cases each year (174). Viral

infections caused by human papilloma virus (HPWehaeen associated with oral

cancer (195, 196). The oral cavity is an imporfatential source of both infection and

inflammation, contributing to the total burden edehse and to overall health and well-
being (197, 198). Oral infections are often asymattic but can nonetheless lead to
bacteremia with no clear symptoms (199, 200). H@methe mechanisms of the

micro-organisms involved in carcinogenesis remaibg established (201, 202).

Good oral hygiene reduced the risk for esophagaairoma (203), and periodontal
disease was linked with an higher risk of cancethan pancreas among male health
professionals. Furthermore, increased severity esiodontal disease, manifested as
recent tooth loss, was associated with the gredatds(204). Periodontal disease has
also been related to tongue cancer (205) and heddnack cancer (206). Oral
infections and inflammatory conditions, such asiqoemtitis, might indeed trigger
malignant transformation in organs other than tloaithn (Figure 4), but the scientific

evidence is still weak and further studies are ed€d77).

Oralinfectionsand
sepsis

a

\ 4

A

Epithelial cells

"
r DNA damage
> L Degradation cascade

Tumor
supressor
Micro-organisms / gene

Mutation

Figure 4. Potential pathway in the relationship between ortctions and cancer, adapted
from Meurman and Bascones (2010) (177).
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Breast cancer (BC)

Breast cancer (BC) is the most common malignanay ateading cause of cancer
mortality among women in most parts of the worl®742208). An estimated 7.6
million deaths worldwide are caused by cancer amdirel 1 million women are
diagnosed with BC each year. Of women diagnose B, 40% die from the disease
(209), and the vast majority of these deaths am tdumetastasis (207, 208). In
Sweden, BC represents 30% of all cancer cases mewand approximately 7000
cases are reported annually (210). Even thoughsBCdisease that mainly affects the
elderly, 1 of 8 invasive cases are found in womedeu the age of 45 year (211).
Prolonged exposure to endogenous estrogen, by eehgtruation onset or delayed
menopause, is strongly associated with BC. Howesa@niradictory results have also
been reported, and certain life changes such asased exposure to toxins,
imbalanced nutrition and a reduced amount of paysictivity have to be considered
as well (212, 213).

BC comprises numerous subtypes and is thus annelireheterogeneous disease.
Cancer originating in mammary epithelial cells, ramEarcinoma, is the most common
histological type of BC, and this group containsdifferent subtypes according to the
World Health Organization (WHO) (214).

By evaluating prognostic and predictive markeneatment plan for BC is determined.
A combination of the different therapy approachesluding surgery, chemotherapy
and other drugs is commonly used (215, 216). Tlive survival rate is higher

nowadays due to early diagnosis, social awareaadsproper treatment (210).
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AIMS OF THE THESIS

GENERAL HYPOTHESIS AND AIM

The general hypothesis of this series of studies that oral infections, particularly
periodontal disease, by triggering inflammatoryctiess detrimentally affect systemic
health where inflammations are known to play a moléne pathogenesis, namely CVD
and cancer. Consequently, the general aim wasutty she association between oral
biofim and certain oral micro-organisms, periogbntdisease, and selected

inflammatory markers with a focus on atherosclerasid BC.

SPECIFIC AIMS
Study lexamined the involvement of a high amount of depiteque, severe gingival
inflammation and periodontitis in the developmehtearly atherosclerotic lesions in

women.

Study Il evaluated the incidence of BC in subjects withiqoemtal disease and

characteristic tooth loss in a 16-year prospedtivestigation.

Study Il assessed early atherosclerotic changes in caadidies and related the
findings to hsCRP levels in subjects whose perital@tatus have been followed for at

least 18 years.
Study IV examined subjects with and without periodontitis fevels of salivary
albumin, total protein, and MMP-8 in GCF, with orthout the simultaneous presence

of specific subgingival micro-organisms.

Study Vevaluated the association between site-specibgisgival micro-organisms
and levels of MMP-8 and MMP-9 in GCF.
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MATERIALS AND METHODS

ETHICAL CONSIDERATIO NS

The study protocol, methods and selectif subjects were approved by the Ett
Committee of Karolinska University Hospit, Karolinska Institutet, Huddinge,
Sweden.All studies followed the principles for medical eesch accordingto the
guidelines ofthe Declaration of Helsinl The subjects received verbal as well

written information, and aBubject gave theiinformed consent to participe

STUDY POPULATION

In 1985,a longitudinal prospective study was carriec with arandom sample cohc
of 3273 subjectsThe subjects werrandomlyselected from a database registry oi
inhabitants 1= 105798) of Stockholm ounty born on the 2bof any monttfrom the
year 1945 and 1954fudy I). They were informed about the purpose of the stun,
offered a clinical oral examination. In total, 1€subjects (51.2%; 838 wirenand 838
men) underwent a clinical oral examination in 1 In 2001-2003, ageand gend¢
balanced subjects were selected fromcohort with a computer program to fc two
groups, thosavith periodontal diseasin= 100) and those withouh£ 50) (Studies |
andlll). Between 2008 and 20, a follow-up study of the same subjewatas carriec
out (Studies IVand V). The clinical data originate from 1985, 2-2003 and 20(-
2009, and the registry data from 20(Figure 5). The subjects havalso been
described in earlier studi€a17-222).

2001-2003

* Baseline e Study IV
(cohort) e Study | J e Study V

e Study Il e Study Il
2008-2009

e Study llI
1985

Figure 5. All subjectswere randomly selected from a database regist98t. The figure
provides an outline of when tldata for thefive studies were collected.
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Regarding the drop-outs; 8 subjects were excluse@001-2003, and 8 did not
participate. Thus, in total 134 subjects out of the0 recruited subjects were
examined in 2001-2003. In 2008-2009, the same estshyeere recalled to participate
in a clinical examination. The most given reasanrglie drop-outs in 2008-2009 was
lack of time (= 20), few subjects were incapable due to ilinessZ), and the rest
could not be reachea£ 11). 101 subjects underwent a clinical examimatend 2
were excluded since they only had 2 teeth left, eodsequently 99 subjects are
analysed irStudies IVandV.

A flow-chart including all subjects and when thdadaollection was carried out, is
presented in figure 6Study | comprises 67 female subjects. Of these women, 46
women were randomly chosen from the group of inldigls in whom the presence of
periodontal disease was documented in 1985 anfiedeim 2001-2003 (patient group).
At the same time, 21 women without periodontal assewere randomly selected as
controls. InStudy 1] BC incidence among the baseline cohort of 32Bgsts until the
year 2001 was analyzed. The clinically examinedignm 1985 (Group An= 1676)
and the remaining cohort group that were not exadin 1985 (Group Bn= 1597)
were included in the analysesSitudy Il In Study 11} 134 subjects examined in 2001-
2003 were included (67 women and 67 men), comgrisirbjects with and without
periodontitis. The 67 women in this study are thma women described Btudy |
Studies IVandV comprised 99 subjects. 53 subjects had periodo(@4 women, 32
men) and were therefore classified as patientdewdti subjects (22 women, 21 men)

served as control$-igure 6).
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Study Il

Studies landlll

StudiesIVandV

1985

Did not participate 1
(n=1597) ,I

J

—> Assesed for eligibility
(n=105, 798)
( t
Randomizedsubjects | I
(n=3273) 2
.
L
Clinical eximination
(n=1676)
\
Periodontal disease No periodontal disease
(n=286) (n=1390)
_______ 2001-2003
! t
| Randomized subject | | I
> i [ (n=150) ] >[
i Clinical eximination
; (n=134)
i Periodontitis Without Periodontitis
i { (n=93) ] [ (n=41)
| 2008-2009
I . - f
NG N Cllnlcaleiamlnatlon RN
(n=99) |

I

Did not participate/ 1
excluded (n=35) /'

Periodontitis
(n=56)

[

Without Periodontitis
(n=43)

Figure 6. Flow-chart showing the selection of subjects fro884 to 2009. The clinical
examination in 1985 and data from national regikeg from 2001 were analysed in 2009 and
described irStudy Il The clinical examination in 2001-2003 was analyseStudies landlil,
whereas the examination in 2008-2009 is describ&diidies IVandV.
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ASSESSMENT OF ORAL HEALTH

All of the clinically examined subjects filled inraedical history report as well as a
structured questionnaire concerning health probleneslication, dental visits, tobacco
use, marital status, socioeconomic status and #dncamong others. Overall, the full-
mouth clinical examination in 2001-2003 and 200820dncluded recording the
number of remaining teeth (wisdom teeth were exadudue to the frequent occurrence
of pseudo-pockets around these teeth), Plague Iffle) (13), Calculus Index (CI)
(223), Gingival Index (Gl) (14), Bleeding on Prohi(BOP), Pocket Depth (PD), and
Clinical Attachment Loss (CAL) (30, 31). In 1985, partial-mouth examination
including PLI, ClI, Gl, and PD, was conducted. A-fubuth set of 14 Kodak Ektaspeed
periapical radiographs was obtained from each matie 2001-2003, and the
percentage of remaining bone on radiographs wasndted (224) and presented in
Study |

Subjects with at least one site with B> mm were diagnosed as having periodontal
disease in 19855tudy 1). In 2001-2003, subjects with three teeth withP®mm and
BOP were diagnosed as having periodontiitudies landlll). Subjects with at least
one site with> PD 5 mm and CAE> 3 mm were diagnosed as having periodontitis and

classified as patients at the examination in 200@2Studies NandV).

ASSESSMENT OF SUBCLINICAL ATHEROSCLEROSIS

In 2001-2003, antecubital venous blood samples vedien after 12 hours of overnight
fasting. HSCRP, total cholesterol, HDL cholestetd] cholesterol, and triglycerides
(TG) were assayed in serum using routine methodhetLaboratory of Clinical
Chemistry at Karolinska University Hospital, Hudg Sweden (Roche Diagnostics,
GmbH, Mannheim, Germany). At the same time, blomsgure was measured and a
12-lead electrocardiogram (ECG) was recorded. Badgss index (BMI) was
calculated from anthropometric data as an indicattowerall adiposity. BMI is derived
from weight in kilograms divided by square heightneters.

In Studies landlll, carotid B-mode ultrasonography was performed beiv28®1 and

2003. Carotid arteries were examined bilaterallfhwa duplex scanner (Aspen,
Acuson, Mountain View, CA, USA) using a 7 MHz limearay transducer (225). All
recordings were carried out by the same trainecbg@apher. Measurements of

distances between the wall echoes within a 10 nmg $&ction of the common carotid
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artery were made in late diastole defined by a kameous electrocardiographic
recording. IMT was defined as the distance betwibenleading edge of the lumen-
intima echo and the leading edge of the media-adieercho. The lumen diameter,

(LD) was defined as the distance between the lgagtige of the intima-lumen echo of
the near wall and the leading edge of the lumematecho of the far wall. Carotid

plague was defined as a localized intima-medi&éming of greater than 1 mm and at
least a 100% increase in thickness compared wijacewt wall segments. To

compensate for the stretching effect of arteriatesision (secondary to increased
arterial pressure) on wall thickness, the crosfiesed intima media area was

calculated, cIMA, by using the formula: 3.14 [(lumeliameter/ 2+intima-media

thickness}-(lumen diameter/3) (163).

ASSESSMENT OF BREAST CANCER

For Study 1| the data for cancer (malignant neoplasm) andesaw$ death were
obtained from the Center of Epidemiology, Swedisitidhal Board of Health and
Welfare, Sweden. The data were classified accordinghe WHO International
Statistical Classification of Diseases (ICD) andlaksl Health Problems. Socio-

economic data were obtained from the National Stegi Center, Orebro, Sweden.

The study had a longitudinal prospective designayat the subjects had periodontal
disease documented at baseline 16 years earliersiifjects were born on the"26f
any month between 1945 and 1954, which enablesalsgof BC for each subject up
to the year 2001 from the National Cancer Registry.
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MICROBIOLOGICAL AND IMMUNOLOGICAL DATA

Sampling and analysis of saliva

In 2008-2009, the subjects were given instructi@garding saliva collections. Saliva
samples were collected in restful and quiet cirdames before the clinical

examination. To collect unstimulated whole saliva patient drooled passively into the
collection tube for 5 min. Foftudy 1V 0.1 mL of the unstimulated saliva was
immediately sent to the laboratory in VMGA trangporedium to determine total

bacterial count. The samples in VMGA transport medwere diluted and cultured
anaerobically orBrucella blood agar at 3T for 7 days (BBL, Becton & Dickinson

Company, Maryland, USA). The rest of the saliva \@asp-frozen (-70°C) for later

analyses.

For Studies IVandV, salivary immunoglobulin IgA, IgG and IgM conceations were
analalyzed by enzyme-linked immunosorbent assaylSE)L using a plate reader
(Labsystems Multiskan RC, Finland) (226). Albuminasv analyzed by an
immunoturbidometric Tina-Quant® kit (Roche Diagnost Switzerland). The kit was
modified so that a microtiter plate reader could used instead of an automatic
analyzer (Victor 2 1420 Multilabel Counter, Walld@erkin Elmer, lllinois, USA).
Salivary total protein was analyzed by a colorimemethod using bovine serum
albumin standards and measured spectrometrical$@inm (Hitachi U-2001, Japan)
(227).

Sampling of GCF

At the examination in 2008-2009, GCF was collectsiig an intra-crevicular washing
technique [tigure 7) (77, 228). The test sites were isolated witharotblls, gently air-
dried, and supragingival plaque was carefully reedovlihe ejection needle of the
instrument was carefully inserted into the crewicea level of approximately 1 mm
below the gingival margin. The sulcus or pocket wlasn flushed by a constant
delivery system (10 pL per flushing) with phospHaiéfered saline and
simultaneously drained through the collection ne@adtio Eppendorf tubes by constant
suction (flow rate 25 mL/h). The gingival washingsthe tubes were diluted up to a
final volume of 500 pL by washing the draintubeteTsamples were immediately
centrifuged (8000 g) for 5 min at 4° C, and theesoatants and pellets were frozen to -
70° C until analyses (77, 228).
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Phophate buffered Flushing
saline PHS,pH 7.4 (10 pL/flush)

Constant suction
(flow rate 25 mL/h)

GCFsample
(500 pL/site)

Figure 7. Schematic illustration of the device for gingivakvicular fluid (GCF) collection
with an intra-crevicular washing technique. Thectpm needle is gently inserted into the
sulcus and flushed by a constant delivery systému(lper flushing) with phosphate-buffered
saline (pH 7.4) and simultaneously drained throtinghcollection needle into Eppendorf tubes
by constant suction (flow rate 25 mL/h), and ditutg to a final volume of 500 ul for each test
site (77, 228).

Analyses of oral micro-organisms

For Studies IVandV, the presence of periodontal micro-organisms waasured by
polymerase chain reaction (PCR) from the pellattiva of the GCF samples. Specific
primers were designed to hybridize various regiais 16S rRNA genes.A.
actinomycetemcomitans, P. gingival, intermedia,T. forsythiaand T. denticola.ln
brief, DNA was extracted from the GCF-pellets bingsa ZR Fungal/Bacterial DNA
Kit (Zymo Research, California, USA). An aliquot 6ful of DNA suspension was
used for the PCR assay of each bacterium. The enzygad was Dynazyme Il Hot
Start DNA Polymerase (Finnzymes, Finland). The PCR System 9700
(Perkin-Elmer Corporation, Massachusetts, USA) usel for the PCR amplification.
The PCR products were visualized by UV light afgctrophoresis on agarose gel
containing ethidium bromide. The limit detectiontbé PCR method was five to ten
cells (229, 230).
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Analyses of MMP-8 and MMP-9

For Studies IVandV, the MMP-8 concentrations in GCF were determinga ime-
resolved immunofluorometric assay (IFMA). The mdooal MMP-8 specific
antibodies 8708 and 8706 (Medix Biochemica, Kawmeiaj Finland) were used as a
catching antibody and a tracer antibody, respdgti@8, 231, 232). The GCF MMP-9
levels were determined by ELISA and concentratisese determined according to the
manufacturers protocol using commercially availali®ISA kits (Amersham
Biosciences UK Ltd, Buckinghamshire, UK) (233).

23



STATISTICAL ANALYSES

The statistical analyses were performed using éS&Psoftware package (SPSS Inc.
Chicago, IL, USA), version 14.B{udy ) or version 16.1Studies llandlll), and the
renamed PASW® Statistics software package, vers®iiPASW Inc. Chicago, IL,
USA) (Studies IVandV). Differences between data sets at a probabpjtyf less than
0.05 were regarded as significam € 0.05). All p-values are two-tailed, and
confidence intervals (CI) were calculated at th&9Bvel. Results are expressed as

mean = standard deviation (SD).

In Study I, analysis of variance (ANOVA), chi-square tests andltiple logistic
regression analysis with backwards elimination oh-significant variables were

performed.

In Study Il ANOVA, chi-square test, Fishers exact t-test, andltiple logistic
regression analyses were carried out. The modeltivét confounders was correlated to
the incidences of cancer. A backwards eliminaticethod was used to control for

multicollinearity (correlation between confounders)

In Study Il significant differences were determined eitheiShydent’s unpaired t-test
or ANOVA. Chi-square tests were used when analynimgparametric data. Multiple
logistic regression analysis of hsCRP, with backisaglimination of non-significant

variables was performed with a dichotomized medait.

In Studies IVand V, Student’'s unpaired t-test, chi-square test andyses with
Fisher's exacp-value were used. In additional analyses for thesis, the same tests
as already mentioned were performed. Furthermoceyr@lation test with Spearman
Rho was carried out to analyze which micro-organteat was more prevalent in
deep pockets (sé@able 5).
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RESULTS AND DISCUSSION

STUDY POPULATION (STUDIES I-V)

The number of subjects in the five studies is presgein the first tableTiable 1). The
studies consisted of comparable numbers of womeémeam, except fostudy I, where
we only included data on womenaple 2). The women irStudy lare also described in
Study IIl Studies IVandV consisted of the same subjects. In all five stjdigere was

a significant difference in smoking habits betwesubjects with and without
periodontal disease (patient vs. control groupghsihat more subjects smoked in the
patient group than in the control gro(ftudies I-V) The control group had attained a

significantly higher education level than the pattigroup(Studies I-III).

Table 1. The number of the subjects in the five studies.

STUDY
Il (11 \% V
Participants
All 67 3273 134 99 99
Women 67 1586 67 46 46
Men 0 1687 67 53 53

Table 2. The number of subjects in the patient and control groups.

STUDY
Il 1 v \%
Patient group
All 46 286 93 56 56
Women 46 125 46 24 24
Men 0 161 47 32 32
Control group
All 21 1390 41 43 43
Women 21 713 21 22 22
Men 0 677 20 21 21
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The patients did not differ regarding the occureent hypertension or BM{Studies |
and Ill). In the questionnaire the subjects were asked tabay heredity for
atherosclerotic disease, but in this regard noedifice was observed between the
patients and controlsS{udy 1) The summary of the reported medical history i680
2009 for subjects irstudies IVandV revealed that the majority of subjects had no
systemic diseases<X 71), two subjects had diabetes type 2, and %estbpad high
blood-pressure. The most common medication wakifgr blood pressuren€ 8) and

hypercholesterolemian€ 7).

The role of lifestyle and risk factors has to beetidly considered and statistically
adjusted when studying the link between periodenaind systemic diseases (119,
152). Several factors have been noted to incrdaseigk of periodontitis, smoking
being at the forefront (18, 28). The subjects mphatient group indeed contained more
smokers than the control group; hence, our findiags in agreement with earlier
results (28). The statistical analyses were adjusbe shared risk factors such as
diabetes mellitus, smoking, education and otheveeit risk factors. Further, the study
populations inStudies I-Vwere randomly selected from a homogeneous populati
living in the Stockholm area, Sweden. The subjaere born between the years 1945
and 1954, and thus the limited age range of 10syallsws comparison between the
subjects without the bias of age.
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ORAL HEALTH FINDINGS (STUDIES I-V)

The results of the oral examination showed that thieical parameters were
significantly different between the patient and tooingroups. The patient group had
significantly more teeth missing than the contrmdugp in Studies land Il. Subjects
with periodontal disease also had significantly enorolars missing in the mandible
than did controlgStudy II) The patient group had significantly more dentalgpe
(higher mean PLI), gingival inflammation (higher aneGl) (Study V) deeper pockets
(higher mean PD), a higher percentage of bleedirghér mean BOP), and more loss
of attachment (higher CAL(Studies I, IlI-V) Remaining bone on the radiographs was
higher in the control group than in the patientugr@tudy 1)

Additional results regarding the relative deep ishn the subjects examined in 2008-
2009 forStudies IVandV, showed that the patient group had 11.6 mean nuofilsges
with > 5 mm pocketsTable 3), and the mean PD of the test sites (second pezgjol
was between 3.1 to 3.3 mifiable 4).

Table 3. The mean numbers of deep pockets in 2008-2009.

n Mean +SD 95% CI
Number of pockets =4mm 97 16.5 10.7 14.7-19.0
Number of pockets 2=5mm 56 11.6 13.8 7.7-15.5

Table 4. The pocket depht (PD) and number of deep pockets in 2008-2009.

Mean PD +SD =4mm 25mm
Test site 1 3.1 0.9 16 6
Test site 2 34 0.9 30 6
Test site 3 3.3 0.8 30 5
Test site 4 3.3 0.8 28 8

Clinical parameters such as PD, CAL, and BOP, aeded to diagnose existing
disease, to determine the prognosis and to mgo#aodontal disease progression (18,
20, 30). Our findings that the patient group hadefLl, Gl, Cl, PD, BOP, and CAL

are in agreement with previous studies (30, 221).
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ATHEROSCLEROTIC FINDINGS (STUDIES | AND llI)

The plasma lipid concentrations (mmol/L) and hsCRRy/L) levels from the
examination in 2001-2003 in the patient and corgrolip are summarized in figure 8.
The total cholesterol levels differed significanbdgtween patient and control groups
(5.9 mmol/L+0.9 SD, resp. 5.5 mmol/L +0.8 SPpg 0.05), otherwise there were no
significant differences between the groups reggrdevels of LDL, HDL, or TG
(Figure 8). The levels of hsCRP in the patient group was rAg/iL (3.6 SD),
compared with 2.2 mg/L (5.2 SD) in the controlgsdNS).
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Figure 8. Graph showing the plasma lipid concentrations (rithoand hsCRP levels
expressed in mean (xSD). Total cholesterol levels gignificantly higher in the patient group
compared with the control groupg€ 0.05).

In Study IIl women had significantly lower hsCRP values armghiBcantly higher
HDL cholesterol values than mdncreased levels of hsCRP could not discriminate th
patient group from the control group for either m@nwomen. Multiple logistic
regression analysis identified age, low HDL chaest and high BMI as the major
predictors of high hsCRP valust(idy III)

The cIMA B-mode variables were significantly gredtethe patient group than in the
control group, both on the right and left siig(re 9) (Studies landlll) . Periodontitis
appeared to be a principal independent predictamaréased IMT (OR 6.05, 95 % CI
1.34-27.35) and cIMA (OR 5.41, 95% CI 1.20-24.48)women with periodontitis
(Study I) Periodontitis was identified as a major indepangeedictor of cIMA in both
women and men (OR 3.82, 95% CI 1.19-12. )y 111)
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Figure 9. Graph showing the results from carotid ultrasoaphy and the atherosclerotic
lesions expressed tralculated intima-media area (cIMA). The patierdugr had significantly
greater cIMA (mrf) than the control group, at both right (cIMA dxjddleft (CIMA sin) site
*(p<0.001).

The hypothesis was that the chronic inflammatorg amcrobial burden caused by
dental plaque, severe gingival inflammation, andiggentitis would predispose
women to the atherosclerotic proceSsu@y ). We further hypothesized that chronic
infection and inflammation caused by periodontitisuld lead to an excessive host
response, resulting in a systemic inflammatoryteacHsCRP levels would thus be
increased in subjects with periodontitis, reflegtiearly vascular atherosclerotic
changes $tudy II). None of the subjects reported any symptoms oértov
atherosclerotic disease in 2001-2088u@lies landlll). The results fronstudies land

[l identified periodontitis as a principal independeredictor of carotid cIMA. Indeed,
results from numerous studies have indicated ttetdiseases, especially, might act as
a risk factor for the development of CVD (124, 1220). The importance of oral
health has been emphasized as a fundamental ggehefal health. The WHO has also
highlighted the importance of integrating oral lieah the preventive and health

promotion policies (234).

A positive correlation between periodontitis anduse levels of CRP has previously
been reported (128). I8tudy lll, no association between hsCRP levels and cIMA or
periodontitis was found, contrary to our hypothe$ise results fronstudy 11l showed
that women with periodontitis had lower hsCRP cotrations and higher HDL

cholesterol than men with periodontitis. DespitghhHDL levels, which might exert

29



significant anti-atherosclerotic effects by decireghsCRP levels (235), women with
periodontitis might nonetheless be at risk for fetoardiovascular events as indicated
by the significantly increased cIMA values relatitge women without periodontitis
(Studies land Ill). Since gender and periodontitis were two of théependent
predictors associated with increased cIN8tudy Ill),we agree with Halvorseet al

(2009) that sex differences should be taken iotmant in future studies (236).
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BREAST CANCER FINDINGS (STUDY II)

In the total cohort of 3273 subjects, 41 subjectsewdiagnosed as having BC (39
women, 2 men, mean age 45.8 + 6.8 SD years). partis diagnosed with periodontal
disease and BC, had significantly more missing msolhen compared with subjects
with periodontal disease but without BEigure 10). Subjects with any missing molar
had an increased incidence of BC in a multipledtigregression model with BC as the
dependent variable (OR 2.36, 95% CI 1.07-5.21). B@eincidence for the clinically
examined groupnE 1676) showed that 1.75% of those with any missimadar had
BC. Subjects with no missing molar had a 0% incigeaf BC. The difference in the
prevalence of BC in subjects with periodontal digeand with or without any missing

molar in the mandible was significapt<€ 0.05)(Study II).
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Figure 10. Graph showing some of the clinical oral data fdvjects with periodontal disease
in 1985. Participants with diagnosed periodontaédse and with BC had significantly more
missing molars *§ = 0.01), and especially in the mandible < 0.005).

The hypothesis irstudy Ilwas that a history of low degree of chronic inflaation,
such as that seen in periodontal disease, is iadoln carcinogenesis, and that the
incidence of BC would be associated with periododittease and characteristic tooth
loss. A few earlier studies have reported an aaBoni between periodontitis and
cancer (204, 219, 237). The results frStady Ilidentified periodontal disease and loss
of any molar from the mandible as independent ptedi for BC. Michaudet al
(2007) reported that a history of periodontal dsgewas associated with an increased
risk of pancreatic cancer, and recent tooth loss aggociated with the greatest risk for
pancreatic cancer (204). These findings could Insidered to be in agreement with the

results ofStudy II.
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MICROBIOLOGICAL FINDINGS (STUDIES IV AND V)

The patient group was more often infected by theranbrganismsP. gingivalis P.
intermedia and T. denticolathan the control grougStudy IV)when the micro-
organisms were detected |atone site and expressed as a percentage. However,
denticolawas the only micro-organism more frequently foimthe patient group than

in the control group in site-specific analysesliatoar test sitegStudy V) In additional
site-specific analyses, a correlation test (Speasnho) between PD and the presence
of the micro-organisms was carried out. The pres&id. denticolacovaried higher
than other micro-organisms with PD, indicating thatlenticolawas more prevalent in

deep pockets, at all four test sitéslfle 5) .

Table 5. Correlation between pocket depth (PD) and presence of T. denticola.

Covaried with PD

Spearmans Rho p -value
Presence of T. denticola at Test site 1 0.22 <0.05
Presence of T.denticola at Test site 2 0.27 <0.01
Presence of T. denticola at Test site 3 0.23 <0.05
Presence of T. denticola at Test site 4 0.27 <0.01

The patient group was more often infectedPbygingivalisandT. denticolathan the
control group(Study IV).Hence, our findings are partly in agreement withliea
investigationsP. gingivalisandT. denticolaare part of the “red complex” described
by Socranskyet al (1998), indicating that certain micro-organisne astrongly
associated with periodontitis (17). The spiroch&tedenticolahas previously been
linked to periodontal disease (238), and was moe¥gbent at test sites in patients
compared with the control group in our study. Femthore, even if our results are
partly in agreement with previous results that heowend a higher prevalence of the
“red complex” micro-organisms in active sites (42) it must be emphasized that each
species has multiple clone types, and only somthede types may be pathogenic
(239).
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IMMUNOLOGICAL FINDINGS (STUDIES IV AND V)

Salivary flow rate did not differ between the patiand control group. No significant
differences existed between the patients and dogtoups in salivary flow rate or
levels of IgA, IgG, IgM, albuminKigure 11), total protein and total bacterial count in
saliva (Study 1V) However, the levels of salivary albumin and tgpabtein were
significantly higher in subjects infected with denticolathan in subjects without this
bacterium(Study 1V)
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Figure 11. Graph showing the levels of salivary albumin, I1d8G and IgM in patient and
control group. Levels of salivary albumin, IgA alglz were slightly higher in the patient
group (NS)

The hypothesis was that the presence of specifioguntal pathogens would affect
the levels of the biomarkers analyz&tudy 1. However, inStudy IVno significant
differences were observed in the levels of IgA, Igg, salivary albumin and total
protein between the patient and control groups. é&sstudies have reported increased
levels of antibodies in subjects with periodontitishereas other studies report
decreased levels (240). Nevertheless, it must bphasized that flow rate and
composition of saliva differ during the day (248nhd the levels of salivary total
proteins alter over time (242-244). However, inseghlevels of albumin and total
protein in saliva were associated with the presesic€. denticola Proteins in the
periodontal pocket are suggested to be a potesimigy sources for the growth Bf
denticola(245).

33



MMP-8 AND MMP-9 FINDINGS (STUDIES IV AND V)

A significant increase in MMP-8 levels in GCF witie simultaneous presenceTof
denticolaor T. forsythiawas observedrhese findings were made bothStudy I\Vwith
the presence of micro-organisms at any site andrghen values of MMP-8, and in
Study VWwhere the site-specific presence of micro-orgasiamd the levels of MMP-8
were analyzed separately at the four test gtgdies IVand V). The site-specific
presence of . denticolawas also associated with increased levels of MMPGCF in
Study V

The levels of mean MMP-8 and MMP-9 in GCF did nifted significantly between

the patient and control groups. However, when aajythe MMP-8 levels in the four
test sites, the mean MMP-8 levels in test site=142), 2 (= 35) and 4= 35) were

higher when the test site had a pockdtmm Eigure 12). Moreover, the mean MMP-
9 levels in all four test sites were higher when tést site had a pocked mm than in

sites with a PD of < 4 mni{gure 13).
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Figure 12. Graph showing the mean levels of MMP-8 (ng/mL) lie four test sites. The

mean MMP-8 levels in test 1, 2 and 4 were higheemthe test site was 4 mm PD when
compared with sites <4 mm PD.
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Figure 13. Graph showing the mean levels of MMP-9 (ng/mL) lie four test sites. The
mean MMP-9 levels in all test sites were higher mittee test site was 4 mm PD when
compared with sites <4 mm PD.

The hypothesis was that the presence of specifiogmntal pathogens would affect
the levels of MMP-8 $tudy 1V, and that site-specific presence of these micro-
organisms would be associated with increased lesfeMMP-8 and MMP-9 $tudy

V). Studies IVandV confirmed the assumption that periodontal micrgaarsms might
trigger inflammatory response; the presence ofaternicro-organisms associated in
elevated levels of GCF MMP-8 and MMP-9. The present T. denticolawas
associated with increased levels of MMP-8 and MMRvBereasT. forsythiawas
associated with increased MMP-8. The levels of M8IRere up-regulated with the
simultaneous presence ot forsythiaand T. denticolain an earlier study by our
research group (218J.. denticolais known to have numerous virulence factors (246)
and to express a serine-type protease that is leapéloonverting proMMP-8 to the
active form of MMP-8 (aMMP-8) (247). Investigation$ the interaction between the
human host and the bacterial community at the fomat level are warranted to
elucidate the role of bacteria in the pathogersgieriodontitis (248).

Our results irStudies 1VandV did not show any significantly different levelsMP-

8 and MMP-9 between the patient and control grotipsvever, we did find we found
that site-specific levels of MMP-8 and MMP-9 weighter in pockets 4 mm than < 4
mm, and this support the theory of elevated levdIsSsMMP-8 and MMP-9 in

periodontal destruction sites. Furthermore, ingasing MMP-8 and MMP-9 activities
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in GCF site-specifically, as we did @tudy V could be a valuable diagnostic aid,
complementing the traditional methods (87). Eveough levels of MMP-8 in oral

fluids are among potential point-of- care period@ntbiomarkers (249) and an
increased level of MMP-8 indicates a risk for pédntitis progression, more work is
warranted on the prognostic impact of MMP-8 (23M)til now, there has not been a
single marker, or combination of markers, that dowdliably determine periodontal
tissue destruction. Thus, the most reliable metoogredict or determine periodontal

tissue destruction is clinical measurements (251).
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METHODOLOGICAL CONSIDERATIONS

The methodological considerations and confoundimgiofs are discussed more in
detail in each of the studies, that can be fourtlerappendix. This part only provides a
brief overview of the important methodological coesations that has to be considered

in relation to our findings.

Many definitions of periodontitis have been usedhe literature over the years (26,
252, 253), which is also reflected in our studi@#hough the classification by
Armitageet al. (1999) may be useful for clinicians (254), the aba threshold of sites
with deep PD and/or higher CAL is more recommenidedstandard for population-
based studies (253). Regarding the reliabilityhef dbtained results, it can be pointed
out that the patients and the controls were rangambsen in 1985 to avoid selection
bias and to ensure normal distribution of the sachphriables.

The carotid sonography was performed and evaluayethe same experienced and
blinded sonographer and thus, the methodologicatdsi were minimized. Only
individuals with no reported or detected MI werelirded in 2001-2003; otherwise the
atherosclerosis detected by the ultrasound caneotldscribed as subclinical. Our
results on hsCRP are based on accurate and highhggnmethod to measure CRP
that allows the measurement of low levels of CRE5)2Furthermore, the information
regarding BC is reliable since it was collecteddoiasn national register files.

In a study by Papapanai al (2000) a high prevalence of the “red complex” natc
organisms were detected in periodontitis patient, $imilar high prevalence was
furthermore reported in the controls. On the othand, a substantial difference
between patient and controls in colonization of ‘leel complex” micro-organisms at
high levels was revealed by the quantitative amalytthe bacterial load. The authors
therefore criticize the use of non-quantitative P&R a dichotomized categorization,
without simultaneous quantification of bacteriahdo(256). However, the qualitative
PCR method we used to detect presence of micraysrga is rapid, simple and able to
detect very small numbers of cells of a given sg(229, 230, 257), and therefore the
method was adequate, as the aim was to obserpeabence of the species. Regarding
the data from saliva, the flow rate and compositérsaliva varies (241-244), thus

repeated measurements on standardized times wawgdahpreference.

37



GENERAL DISCUSSION AND CONCLUSION

The general aim was to study the association betweal biofilm and certain oral
micro-organisms, periodontal disease, and selectiednmatory markers, with a focus
on atherosclerosis and BC, in a cohort followedtau@®4 years. We selected these
systemic disease output variables because of thgir prevalence in populations;
atherosclerosis remains one of the leading cadsesidity and mortality while BC
leads the incidence of female malignancies (113, 208, 258).

The general hypothesis of this series of studies tivat oral infections, in particular
periodontal disease, by triggering inflammatoryctiess detrimentally affect systemic
health where inflammations are known to play a noltne pathogenesis, namely CvVD
and cancer. Periodontal disease was found to beciatsd with subclinical

atherosclerotic lesions and also a higher incidesicBC. FurthermoreT. denticola

associated with increased salivary albumin, tataigin as well as with higher levels of
MMP-8 and MMP-9 in GCF, indicating a possible infliation triggering capacity of
the oral biofilm. Thus, our findings from did camfi our primary hypotheses. The

associations indicate that periodontal diseasetrpigée a threat to systemic health.

Our findings regarding the association betweenoperititis and early atherosclerotic
changes support previous results (259, 260), andenhance current knowledge by
providing a basis for further research, although studies did not prove causality.
Furthermore, we included sufficient controls foe ttmportant lifestyle factors that
could explain the association between periodontitid CVD (149). Recently, the
American Journal of Cardiology and the Journal efidtiontology published a
consensus article about the association betweéndpatitis and atherosclerotic CVD
(120). The consensus concluded that although fl@rimation hypothesis presents a
conceivable explanation, further research is requio define the mechanism linking
periodontitis and CVD (120). Even a modest linknestn periodontitis and CVD could
be of public health importance considering the pgkvalence of both diseases, and
additional investigations are indeed necessary)(Il2&ablished risk factors for CVD
have been studied for decades, but defining tlaioakhip between periodontitis and
CVD is still in its early stages (119).
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Contrary to our hypothesis, hsCRP levels were nsso@ated with -either

atherosclerotic lesions or periodontitis. Many stacave previously shown that levels
of serum CRP are elevated in subjects with periba®186, 187, 260-262), and that
CRP levels decreases after periodontal non-surgeatiment (190, 191). Furthermore,
CRP levels have been suggested to only increaseme individuals, presumably the
ones having a systemic inflammatory reaction (268 role of CRP as a biomarker
in predicting CVD risk is not yet established (1284). It remains unclear whether
CRP could be used as a marker of exposure or oetcOther carotid plaque-specific
biomarkers, particularly biomarkers with a strongeedictive power for CVD

independent of conventional risk factors, are néddea final conclusion (173). Our

findings also emphasize the need for further ingatbns into the role of hsCRP as a

biomarker for subclinical atherosclerosis and porditis.

To our knowledgeStudy llis the first to evaluate the association betwestogontal
disease and BC. The most comparable findings ateerstudy by Michauett al
(2007), where a history of periodontal disease weg®rted to be associated with an
increased risk of pancreatic cancer (204). Themlystvas a prospective questionnaire-
based study, whereas our findings are based onggudinal prospective design with
data from the National Cancer Registry of Swedehilé\bur results provide a useful
basis for hypothesis generation, they need to bérowed in other large studies. The
association between periodontal disease and th#emze of BC may occur through
plausible biological mechanisms, but confirmatidntlis association is necessary
before further conclusions can be made (237). Muorestigations into this association
and the role of inflammation are warranted to sliggdt on our limited understanding
of cancer etiology in general (174, 176, 177, 265).

The area of the gingival sulcus or periodontal pbahk patients with periodontitis has
been calculated to approximate 8 to 207 ¢i62). This area is especially prone to
bacterial dissemination into the systemic circolatiFurthermore, inflammation has
the potential to increase cellular proliferatiord anutagenesis, inhibit apoptosis, and
also increase secretion of inflammatory mediatbr&(201). One potential explanation
for the association between periodontal disease aamter could be that micro-

organisms in the oral cavity of subjects with peootal disease generate systemic
inflammation and increased levels of carcinogermmmpounds (177)As discussed

earlier, specific micro-organisms in the oral caviave the potential to up-regulate
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cytokines and create a prolonged inflammatory emwrent, such as is the case with
periodontal disease (18, 33). Based on our findings hypothesize that certain
periodontal micro-organisms might trigger an inflaatory response by activating
tissue-degrading enzymes such as MMP-8 and MMPaBaiiced periodontal tissue
destruction involving locally up-regulated and wated gingival tissue and GCF
MMPs have indeed been associated to systemic dseash as CVD (266). Thus, the
oral biofilm and micro-organisms may in the futtwdp to demonstrate causality in the

link between periodontal disease and systemic sksesuch as CVD and cancer.

FUTURE RESEARCH

Treatment strategies for periodontal disease thatless invasive and more cost-
effective are needed. Improved molecular technidorestudying the oral biofilm and
dental plague as well as inflammatory cytokines ltave therapeutic implications for

preventing and treating periodontal disease.

To clarify the link between periodontal disease agdtemic diseases, longitudinal
studies are required that have a standardized mapasot of periodontal disease, a
sufficiently long follow up, and a proper adjustrhed known confounders. Large
controlled trials, where the subjects are randothidreatment versus standard care of
periodontitis, and then followed for CVD eventsulkcbadvance our understanding of
the causality of the link. Such a study design nfaywever, prove to be ethically
problematic. In addition, for the yet unknown linkstween other diseases that may be
associated with periodontal disease, such as camegatlemiological studies are

warranted to first establish a stronger association
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MAIN FINDINGS

Periodontal disease was found to be associatedswitblinical atherosclerotic lesions
and also a higher incidence of BC. Furtherm@rajenticolaassociated with increased
salivary albumin, total protein as well as with lreg levels of MMP-8 and MMP-9 in
GCEF, indicating a possible inflammation triggericepacity of the oral biofilm. Thus,
our findings from the series of studies of thisstkedid overall confirm our primary
hypotheses. The associations indicate that pertabldisease might pose a threat to

systemic healthHigure 14). Specifically;

e Our findings indicated that a high amount of demitaque, severe gingival
inflammation and periodontal disease seemed tesaceated with the development of

atherosclerotic lesions in women already at thly,esubclinical stageStudy ).

e Chronic periodontal disease, as indicated by mgssiolars, seemed to be associated
statistically with BC §tudy I).

e HsCRP did not appear to be a sufficiently seresitharker of the atherogenic process
or periodontitis. However, irrespective of low hd€Rvels, periodontal disease might

present a risk for atherosclerotic disease, péatiguin women Study ).
e The presence of both denticolaandT. forsythiaassociated with increased MMP-8
concentration in GCF. Furthermore, the presencd .oflenticola associated with

increased salivary albumin and total protein cotreéions. Study 1V).

e The site-specific presende denticolain GCF appeared to increase the release of
MMP-8 and MMP-9 at test siteStudy V.
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Figure 14. Periodontal disease was found to be associatéd subclinical atherosclerotic
lesions Studies landlll) and also a higher incidence of breast canstrdy 1). Treponema
denticolaassociated with increased salivary albumin, tptatein as well as higher levels of
matrix metalloproteinase, MMP-8S{udy IV. Furthermore, the site -specific preserice
denticolain GCF appeared to increase the release of MMRISVEMP-9 at test siteStudy V),
indicating a possible inflammation triggering capaof the oral biofilm. The associations
indicate that periodontal disease might pose athoesystemic health.
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