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4 Abstract

ABSTRACT

Mervi Giirsoy. Pregnancy and periodontium — A clinical, microbiological, and
enzymological approach via a longitudinal study. Department of Periodontology and the
Postgraduate School of Oral Health Science (PeGaSOS), Institute of Dentistry, University of
Turku / Anaerobe Reference Laboratory, National Public Health Institute (KTL); currently
National Institute for Health and Welfare (THL) / Biomedicum Research Laboratory,
Institute of Dentistry, University of Helsinki / Kerava Municipal Health Care Centre. Annales
Universitatis Turkuensis. Sarja-Ser D Medica-Odontologica Osa-Tom 1047, Painosalama
Oy, Turku, Finland, 2012.

The mechanisms leading to an enhanced susceptibility to gingivitis in pregnant women have
not yet been completely described. Therefore, the current study series were performed to
investigate longitudinally the influence of pregnancy on periodontal tissues, and to evaluate
microbial and host response factors related to pregnancy gingivitis formation.

Pregnancy-related periodontal changes were analysed in 30 generally healthy women (24-
35 years old) once per trimester, till the end of lactation. Matched non-pregnant women
(n=24) served as the controls, and were examined three times, once per following month.
Pregnancy-related gingival inflammation was observed as enhanced tendency towards
gingival bleeding and pseudopocket formation with a concomitant decrease in plaque
levels. Gingivitis reached its peak during mid-pregnancy and then decreased transiently
visit by visit. After lactation, no differences in periodontal status were seen between the
study and control populations.

In contrast to previous studies reporting increased levels of Prevotella intermedia, a specific
aim was to analyse phenotypically two identical species, P. intermedia and Prevotella
nigrescens, separately using a 16S ribosomal DNA-based PCR. As a result, the increased
levels of P. nigrescens were related to pregnancy gingivitis.

Matrix metalloproteinases (MMPs) are involved in periodontal destruction. However,
their role in pregnancy gingivitis is not well studied. Therefore, neutrophilic enzymes and
proteinases, such as MMP and myeloperoxidase (MPO) levels were analysed from saliva
and gingival crevicular fluid (GCF) samples during the follow-up. Despite increased
inflammation and microbial shift towards anaerobes, the host response did not activate the
MMP, elastase and MPO secretion during pregnancy.

These results demonstrate that during pregnancy gingival inflammation is enhanced
especially during the second trimester, when P. nigrescens levels in subgingival plaque were
increased, whereas the neutrophilic enzymes and proteinase levels in both saliva and GCF
remained low. These findings could explain, at least in part, why pregnancy gingivitis itself
does not predispose or proceed to periodontitis.

Key words: female sex hormones, gingivitis, host response, microbes, pregnancy
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TIIVISTELMA

Mervi Giirsoy. Raskaus ja parodontium — Kliininen, mikrobiologinen ja entsymolo-
ginen nikokulma. Parodontologian osasto ja PeGaSOS-tutkijakoulu, Hammaslédéketieteen
laitos, Turun yliopisto / Anaerobibakteerilaboratorio, Kansanterveyslaitos (KTL); nykyinen
Terveyden ja hyvinvoinnin laitos (THL) / Biomedicum tutkimuslaboratorio, Hammaslaéke-
tieteen laitos, Helsingin yliopisto / Keravan terveyskeskus. Annales Universitatis Turkuen-
sis. Sarja-Ser D Medica-Odontologica Osa-Tom 1047, Painosalama Oy, Turku, Suomi, 2012.

Raskaudenaikaisen ientulehdusherkkyyden lisdéintymiseen johtavia mekanismeja ei ole vield
taydellisesti kuvattu. Téssi pitkittiistutkimussarjassa selvitettiin raskauden vaikutusta ham-
paiden kiinnityskudoksiin seké tutkittiin mikrobien ja isinnénvasteeseen liittyvien tekijoiden
vaikutusta ientulehduksen muodostumisessa.

Raskauden vaikutusta hampaiden kiinnityskudoksiin tutkittiin 30 (24-35-vuotiaalta) yleister-
veeltd naiselta kerran jokaisen raskauskolmanneksen aikana sekd synnytyksen ja imetyksen
paittymisen jdlkeen. Samankaltaiset, ei-raskaana olevat naiset (n=24) toimivat verrokkeina,
ja heidét tutkittiin perdkkiisind kuukausina yhteensd kolme kertaa. Samanaikaisesti plakin
maérdn laskiessa raskaudenaikainen ientulehdus lisdédntyi, mikd havaittiin kohonneena ien-
verenvuotona ja ientaskumuodostuksena ilman todellista kiinnityksen menetystd. Raskauden
puolivélissd ientulehduksen esiintyvyys saavutti huippunsa, miké tdmén jélkeen laski kéynti
kaynniltd saavuttaen matalimman tasonsa imetyksen paattymisen jilkeen, jolloin tulehduk-
sen méadra vastasi ei-raskaana olevien naisten tasoa.

Toisin kuin aiemmissa tutkimuksissa, joissa on raportoitu Prevotella intermedia -méérien li-
sddntyvan raskauden aikana, timén tutkimuksen erityisend tavoitteena oli erotella toisistaan
ilmiasultaan kaksi samanlaista lajia, P. intermedia ja Prevotella nigrescens, 16S ribosomi-
DNA-PCR —menetelmén avulla. Tutkimuksessa selvisi, ettd kohonneet P. nigrescens -maérit
liittyivat raskaudenaikaiseen ientulehdukseen.

Vaikka matriksimetalloproteinaasit (MMP:t) liittyvdt hampaiden kiinnityskudostuhoon,
niiden roolia raskaudenaikaisessa ientulehduksessa ei ole juurikaan tutkittu. Nédin ollen,
neutrofiiliperdisten entsyymien ja proteinaasien, kuten esimerkiksi MMP:n ja myeloperoksi-
daasin (MPO) tasot analysoitiin syljestd ja ientaskunesteestd. Huolimatta ientulehduksen ja
anaerobilajien mairén lisddntymisestd, isdnnanvaste ei aktivoinut MMP-, elastaasi- ja MPO-
eritysté raskauden aikana.

Néma tulokset osoittavat, etti ientulehduksen méaré lisddntyy varsinkin raskauden toisella
kolmanneksella, jolloin P. nigrescens -tasot subgingivaalisessa plakissa kohoavat, kun taas
neutrofiiliperdisten entsyymien ja proteinaasien tasot pysyvét alhaisina seki syljessd ettd ien-
taskunesteessd. Ndma havainnot voivat ainakin osittain selittdd, miksi raskaudenaikainen
ientulehdus ei itsesséén altista tai johda parodontiittiin.

Avainsanat: naishormonit, ientulehdus, isdnnénvaste, mikrobit, raskaus
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ABBREVIATIONS

BOP bleeding on probing

CAL clinical attachment level

CEJ cemento-enamel junction

CFU colony forming unit

ELISA enzyme-linked immunosorbent assay

ER estrogen receptor

EYA egg yolk agar

GCF gingival crevicular fluid

GI gingival index

IFMA time-resolved immunofluorometric assay
IL interleukin

KVLB-2 kanamycin vancomycin laked blood agar
LPS lipopolysaccharide

MMP matrix metalloproteinase

MPO myeloperoxidase

N-Pr non-pregnant control population

OPG osteoprotegerin

PCR polymerase chain reaction

PGE, prostaglandin E,

PlI plaque index

PMN polymorphonuclear leukocyte, neutrophil
PD pocket depth

PPD probing pocket depth

Pr pregnant study population

RANKL receptor activator for nuclear factor kB ligand
RLB rabbit laked blood agar

rDNA ribosomal deoxyribonucleic acid
SDS-PAGE sodium dodecyl sulphate-polyacrylamide gel electrophoresis
TIMP tissue inhibitor of matrix metalloproteinase
TNF-a tumor necrosis factor-alpha

VPI visible plaque index



List of Original Publications 9

LIST OF ORIGINAL PUBLICATIONS

The thesis is based on the following original publications, which are referred to in the text by
their Roman numerals (I-IV):

I Giirsoy M, Pajukanta R, Sorsa T, Kononen E. Clinical changes in periodontium during
pregnancy and post-partum. J Clin Periodontol 2008;35:576-83.

1I Giirsoy M, Haraldsson G, Hyvonen M, Sorsa T, Pajukanta R, Koénonen E. Does the
frequency of Prevotella intermedia increase during pregnancy? Oral Microbiol Immunol
2009;24:299-303.

III  Giirsoy M, Koénonen E, Tervahartiala T, Giirsoy UK, PajukantaR, SorsaT. Longitudinal
study of salivary proteinases during pregnancy and post-partum. .J Periodontal Res
2010;45:496-503.

IV Giirsoy M, Koénonen E, Giirsoy UK, Tervahartiala T, Pajukanta R, Sorsa T. Periodontal
status and neutrophilic enzyme levels in gingival crevicular fluid during pregnancy
and post-partum. J Periodontol 2010;81:1790-6.

Additionally, some unpublished data are presented.

The original articles are reproduced with the permission of the copyright holders Blackwell-
Munksgaard (I), John Wiley & Sons A/S (I1, I1I), and American Academy of Periodontology
av).


http://www.ncbi.nlm.nih.gov/pubmed/19572891?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19572891?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
file:///C:/Ty%c3%b6t/Turun%20yliopisto/Annales%20D/G%c3%bcrsoy/javascript:AL_get(this, 'jour', 'J Periodontal Res.');

10 Introduction

1. INTRODUCTION

Changes in female sex hormone levels during pregnancy are related to the enhanced
susceptibility to gingival inflammation. This phenomenon, also named pregnancy-related
gingivitis, typically occurs without a clear association with the amount of dental plaque, and
develops more severe forms, in comparison to plaque—induced gingivitis in non-pregnant
women (Silness and Loe, 1964; Cohen et al., 1971). Clinically, pregnancy-related gingivitis
is usually seen as an increased tendency towards gingival bleeding and deepened pocket
depth. Pregnancy-related gingivitis is a relatively common phenomenon; the prevalence rate
has been reported to vary from 35 to 100 % in different ethnic populations (Hasson, 1960;
Loe and Silness, 1963; Hugoson, 1971).

Female sex hormones have a multifunctional influence on the periodontal condition in
different parts of the life cycle in women. These hormones also play an important role in
the pathogenesis of pregnancy-related gingivitis. Increased sex steroid hormone levels can
cause edema in tissues by increasing the vascular permeability and cellular proliferation
in blood vessels (Lindhe and Branemark, 1967; Lindhe et al., 1967). In addition to their
direct physiological effects on periodontal tissues, elevated estradiol and progesterone
concentrations during pregnancy alter the quality of subgingival microbiota towards a higher
anaerobe-aerobe ratio by favouring the growth of certain gram-negative anaerobes in the oral
cavity (Kornman and Loesche, 1980; Jensen et al., 1981). Furthermore, these hormones are
able to reduce the host response in various ways.

As mentioned above, there seem to be a number of depleting mechanisms decreasing the
periodontal tissue resistance in the altered hormonal state during pregnancy. So far, however,
neither the etiology of pregnancy gingivitis nor periodontal defence mechanisms during
pregnancy have been clearly defined. Thus, more data on the combined effects of these
factors and mechanisms are needed. This is important, since the mother’s oral health may
affect the child both during pregnancy and post-partum. Firstly, an improved knowledge of
periodontal changes occurring in generally and periodontally healthy, non-smoking pregnant
women will help to clarify the underlying mechanisms related to poor periodontal health
and possible adverse pregnancy outcomes (Wimmer and Pihlstrom, 2008; Kunnen et al.,
2010). Secondly, after birth, the mother’s saliva is the most likely vehicle for oral bacteria
transmission from mother to child (Kénonen et al., 1992; 1994).

On the basis of this background, the current comprehensive study series, using clinical,
microbiological, and host response-related methods, was performed to provide an overview
of pregnancy gingivitis, and obtain updated information about periodontal changes during
pregnancy.
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2. REVIEW OF THE LITERATURE

2.1 HEALTHY PERIODONTIUM

The periodontium, which is formed of gingiva, periodontal ligament, root cementum and
alveolar bone, is a functional unit attaching each tooth to the jaw and supplying support
around the teeth. In addition, the periodontium contributes protective roles by sharing the
mastication forces and working as a defence barrier against masticatory friction and microbes.
Under clinically healthy conditions, the periodontium sustains its consistency of structure and
function by keeping the balance between degradation and regeneration, without any clinical
signs of gingival inflammation (i.e. redness, swelling, bleeding or exudate) (Figure 1).

AB = alveolar bone

AG = attached gingiva

CEJ = cemento-enamel junction

} FG CT = connective tissue

E = enamel

FG = free gingiva

GS = gingival sulcus

JE = junctional epithelium
AG MGJ = mucogingival junction

OE = oral epithelium

OSE = oral sulcular epithelium

PL = periodontal ligament
MGJ RC = root cementum

Figure 1. The structure of a healthy periodontium

Gingiva is a part of the masticatory mucosa, which conceals the alveolar bone and encircles
the cervical part of the tooth. Gingiva is formed of attached and free gingiva. The attached
gingiva continues from the cemento-enamel junction (CEJ) to the mucogingival junction.
The free gingiva (marginal and interdental) is coral or pink in colour, has a firm consistency,
and extends from the coronal tip of the soft tissue margin to the CEJ (Hassel, 1993; Schroeder
and Listgarten, 1997). The shallow space between the free gingiva and the tooth, which
has a depth of 1.5-2 mm in healthy conditions, is called the gingival sulcus. In germ-free
conditions, no gingival sulcus exists; however, clinically, a gingival sulcus with a depth of
less than 3 mm, associates with periodontal health.

Structurally, the free gingiva comprises three different subtypes of epithelium and the
underlying connective tissue, lamina propria, which contains various collagen fibre bundle
groups, blood and lymphatic components and nerves. The epithelial outer layer facing to
the oral cavity includes keratinised oral epithelium, whereas the non-keratinised or seldom
parakeratinised oral sulcular epithelium forms the epithelial wall of the gingival sulcus. The
junctional epithelium is a thin, non-keratinised epithelium, which contains wide intercellular
spaces and a low number of desmosome connections. It forms the epithelial attachment
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between the tooth and gingiva, which is strategically an important border between the host
and microbes. As a result of the highly porous structure, it provides an easy transit passage
for polymorphonuclear leukocytes (PMNs) through the epithelium into the gingival sulcus.
The junctional epithelium also plays a remarkable role in the innate defence by secreting
chemokines and proinflammatory cytokines (Bosshardt and Lang, 2005).

The periodontal ligament is a densely vascular and cellular connective tissue apparatus, which
encircles the root and anchors the tooth to the alveolar socket by joining the root cementum
to the bone. The main component of the collagenous fibre bundles is type I collagen with a
lesser amount (15-20%) of type III collagen (Hassell, 1993). The periodontal ligament cells
are able to differentiate into osteoblasts or cementoblasts (Nojima et al., 1990), and they play a
significant part in the maintenance of the periodontal tissue integrity (Somerman ef al., 1990).

The cementum is a mineralised and avascular tissue, which covers the external part of
the root and provides a suitable attaching surface to the periodontal ligament. There is no
physiologic resorption or remodelling in the cementum; however, the deposition of new
cement progresses at variable rates during the lifetime (Hassell, 1993).

The alveolar bone is a tooth-dependent structure; the alveolar socket is formed during tooth
formation and eruption, and is sustained until the tooth is lost. The alveolar process undergoes
active bone resorption and bone formation in response to several local and systemic factors.
In fact, this continuous bone remodelling makes the alveolar bone less stable, which in turn
might have some importance in the pathogenesis of periodontitis.

2.2  GINGIVAL AND PERIODONTAL DISEASES

The latest periodontal disease classification has been outlined and updated in the International
Workshop for a Classification of Periodontal Disease and Conditions by the American
Association of Periodontology in 1999. Instead of age or disease progression rate, the
concept of this version is merely based on the infection and host response paradigm by
reflecting our present knowledge about periodontal diseases (Armitage, 2002). An overview
of the classification system is presented in Table 1. At the moment, the classification is
based on two main groups, gingival diseases and periodontal diseases (Armitage, 1999).
As the current classification is still not solidly based on etiological and pathogenic features
of periodontal diseases, it is expected to be revised and modified, whenever suitable new
evidence-based data are available (Armitage, 2002).

Table 1. Classification of periodontal diseases and conditions (modified from Armitage, 1999)

| Gingival diseases Il Periodontal diseases
1. Dental plaque-induced gingival diseases 1. Chronic periodontitis
2. Non-plaque-induced gingival lesions 2. Aggressive periodontitis

3. Periodontitis as a manifestation of systemic disease
4. Necrotizing periodontal diseases

5. Abscesses of the periodontium

6. Periodontitis associated with endodontic lesions

7. Developmental or acquired deformities and conditions
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2.2.1 Plaque-induced gingivitis

The most common form of gingival diseases is plaque-induced gingivitis. According to the
results of the Health 2000 Survey, 64% of Finnish women aged 30-34 years had gingivitis
(Knuuttila and Suominen-Taipale, 2008). The initiation of gingivitis requires a sufficient
amount of bacteria to adhere, colonise and form biofilms on tooth surfaces. Furthermore, as
long as the exposure to bacterial biofilm persists, it enables the gingival inflammation to be
enhanced. As a response to apically directed microbial growth, proliferation of junctional
epithelium into connective tissue, increased infiltrates of leukocytes and plasma cells, and
enhanced neutrophil emigration occur (Figure 2). Clinically, gingival redness, bleeding,
edema, and increased gingival crevicular fluid (GCF) flow are also seen. In smokers,
however, these clinical signs are often reduced or even absent.

AB = alveolar bone

BF = biofilm

CEJ = cemento-enamel junction
CT = connective tissue

E = enamel

IC = inflammatory cells

JE = junctional epithelium

OE = oral epithelium

OSE = oral sulcular epithelium
PL = periodontal ligament
PMN = polymorphonuclear leukocyte, neutrophil
RC = root cementum

Figure 2. Schematic description of plaque-induced gingivitis

In gingivitis, the inflammation is limited to the subepithelial region, thus, neither attachment
loss nor alveolar bone resorption occurs. The inflammatory changes in gingiva are reversible,
whenever bacterial biofilm is removed.

Gingivitis may continue for several years without proceeding to periodontitis (i.e. periodontal
tissue destruction). However, at susceptible sites, repeatedly measured gingival bleeding
(Schitzle et al., 2003) and high percentages of bleeding on probing (BOP) >20%) (Lang
et al., 1986; Joss et al., 1994) are considered to be risk factors for further tissue destruction
and the development of chronic periodontitis. In fact, gingival bleeding is an initial tissue
response against subgingival periodontal bacteria already in shallow gingival pockets,
whereas periodontal health-related bacteria reveal an opposite association with gingival
bleeding and pocket depth (PD) (Demmer et al., 2008).

2.2.2 Chronic periodontitis

The progression from prolonged gingival inflammation to chronic periodontitis is seen as
apical migration of the junctional epithelium, releasing the contact point with CEJ, leading
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to loss of attachment and periodontal pocket formation (Pirild et al., 2003; Bosshardt and
Lang, 2005). Additionally, alveolar bone loss is evident already at early phases of the disease
(Figure 3). Usually the disease development is slow, but rapid periods of tissue destruction
may also occur (Goodson et al., 1982).

A diagnosis of periodontitis is defined as when the probing pocket depth (PPD) is >4 mm in
at least two non-adjacent teeth, and proximal attachment loss is >3 mm (Tonetti and Claffey,
2005; Page and Eke, 2007). The extent of chronic periodontitis is characterised as localised
or generalised based on the percentage of affected sites, <30% or >30%, respectively
(Armitage, 1999). Furthermore, the severity of the disease is classified as slight, moderate,
or severe according to the degree of attachment loss. According to the results of the Health
2000 Survey, 40% of Finnish women aged 30-34 years had at least one periodontal pocket of
>4 mm (Knuuttila and Suominen-Taipale, 2008).

AB = alveolar bone

BF = biofilm

CEJ = cemento-enamel junction
CT = connective tissue

E = enamel

IC = inflammatory cells

JE = junctional epithelium

OE = oral epithelium

OSE = oral sulcular epithelium
PL = periodontal ligament
PMN = polymorphonuclear leukocyte, neutrophil
RC = root cementum

Figure 3. Schematic description of chronic periodontitis

2.3 PATHOGENESIS OF PERIODONTAL DESTRUCTION

The balance of the host-microbial interaction in the healthy periodontium must be
interrupted before periodontitis develops and proceeds. First of all, a shift in the subgingival
biofilm, seen as an altered balance between health-associated or commensal and pathogenic
microbes, is needed (Ximenez-Fyvie et al., 2000; Kumar et al., 2006; Tanner et al., 2006;
Teles et al., 2010). However, bacterial infection itself is not enough to cause periodontal
tissue breakdown. The degradation of tooth-supporting tissues requires impairment of the
multifactorial relationship between the host and periodontal pathogens, with the addition of
several modifiable and non-modifiable risk factors (Figure 4).
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Non-modifiable risk factors
* genetic and systemic
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Figure 4. The pathogenesis of periodontitis. (Modified from Page and Kornman, 1997).

2.3.1 Shift in the oral microbiota

There are approximately 600 different bacterial species or phylotypes in the oral cavity
(Dewhirst, et al. 2010). These oral microbes do not survive for long in planktonic forms,
and thus, they preferably adhere to the surfaces and aggregate with each other to form
biofilms, where they survive, multiply, and initiate diseases (Jakubovics and Kolenbrander,
2010). Interestingly, even in healthy condition, the oral cavity contains a highly diverse
microbiota, which is site- and subject-specific (Aas et al., 2005). Despite this microbial
diversity, however, very few changes in the subgingival biofilm have been found among
periodontally healthy subjects (Kumar et al., 2006). Therefore, a stable microbiota might be
a potential predictor of periodontal stability, whereas the shifts in the microbial composition
are commonly accompanied by clinical periodontal changes (Ximenez-Fyvie et al., 2000;
Kumar et al., 2006; Tanner et al., 2006; Teles et al., 2010). Potential effectors to interrupt
the balance are thought to be the environmental, behavioural, and endogenous factors, which
also affect the host defence. However, the underlying mechanisms of this shift still need to
be defined.

The vast complexity of the subgingival microbiota limits the possibilities to precisely
describe the microbial etiology of periodontitis. However, the association between the
microbial shift and disease initiation is related, at least in part, to the quantity and quality of
the microbes in the gingival sulcus. In a clinically healthy gingival crevice, the number of
cultivable bacteria is much less (approximately 103-10*cells) in comparison with the diseased
site with a high number of microbes (up to 107-10% cultivable bacterial cells). In addition, its
pathogenic biofilm is formed of a more diverse bacterial community in comparison with a
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health-associated biofilm. Thus, enrichment of certain potential pathogens in the subgingival
microbiome is needed to initiate the periodontal changes.

Etiologically the most important periodontal microorganisms are gram-negative, facultative
or obligatory anaerobic rods. Traditionally, Aggregatibacter (formerly Actinobacillus)
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, and Treponema
denticola have been considered the key organisms of periodontitis, but also Campylobacter
rectus, Fusobacterium nucleatum, and Prevotella intermedia are commonly found in
periodontitis (Socransky et al., 1998; Koénonen et al., 2007; Teles et al., 2010). These
periodontal pathogens release various bacterial antigens and potential virulence factors,
including proteolytic enzymes, leukotoxins, endotoxins (lipopolysaccharide (LPS) of
gram-negative bacteria), which in turn, provoke the host cells to produce the first-line
inflammatory mediators. Consequently, the over-expressed defence activation of the host
leads to periodontal tissue breakdown at the cost of protection.

2.3.2 Immune-inflammatory host response

The elements of the innate and adaptive immune system are described in detail in Figure
5. Thanks to its high renewal capability, cell-to-cell junctions, and anti-microbial peptide
production, the epithelium forms a strong and active barrier against the constant bacterial
challenge of the oral cavity (Schroeder and Listgarten, 1997). However, if the primary defence
mechanisms at organ level are failed, the pathogens manage to penetrate the periodontal
tissues. This leads to the activation of the specific cellular and molecular mechanisms of
the innate immune system (Garlet ef al., 2006; Trombone et al., 2009). Therefore, enhanced
microbial load and bacterial by-products in the gingival sulcus trigger the epithelial cells, and
also fibroblasts in the underlying connective tissue, to initiate the proinflammatory cytokine
secretion, such as interleukin (IL)-1, -6, -8 and tumor necrosis factor-alpha (TNF-a), growth
factors (e.g. epidermal growth factor), proteases (matrix metalloproteinase (MMP) -2, -7,
-9, -13), and natural antimicrobial peptides (B-defensin, cathelicidin LL-37) (Bosshardt and
Lang, 2005). These inflammatory mediators stimulate PMNs (also called neutrophils) to
migrate and increase their presence in the gingival sulcus area, where they form a barrier
between the host tissue and microbes (Tonetti ef al., 1998). Once the bacteria bind to the
neutrophil surface, PMNs begin the phagocytosis, i.e. the elimination of the bacteria by
entrapment of bacteria into a membrane-delimited structure, the phagosome (Faurschou and
Borregaard, 2003; Klebanoff, 2005). Bacteria within the phagosome and phagolysosome
may be killed by oxidative or non-oxidative mechanisms. Non-oxidative mechanisms of
killing involve phagosome-lysosome fusion, resulting in the secretion of anti-bacterial
substances such as lysozyme, MMPs, cathepsin G, PMN elastase, other serine proteinases,
and o-defensins (Odeberg and Olsson, 1976; Faurschou and Borregaard, 2003; Klebanoff,
2005). Immediately after PMNs come into contact with microbes, myeloperoxidase (MPO)
as an extremely potent microbicidal agent is released into the phagosome or extracellular
space (Odeberg and Olsson, 1976; Faurschou and Borregaard, 2003; Klebanoff, 2005).
Furthermore, a serine protease, PMN elastase, is able to improve this antimicrobial activity
by degradation of the microbial compounds (Odeberg and Olsson, 1976).
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Figure 5. Schematic description of innate and adaptive immune responses. (Adapted from the text by
Preshaw and Taylor, 2011).

Excessive degradation of the periodontal soft and hard tissues is mainly regulated by
MMPs (Sorsa et al., 2006). MMPs are zinc-dependent endopeptidases, which can degrade
extracellular matrix proteins at a neutral pH. Several resident and inflammatory cells of the
periodontium, such as keratinocytes, fibroblasts, periodontal ligament cells, osteoblasts,
osteoclasts, neutrophils, monocytes, macrophages, and plasma cells, produce different types
of MMPs (Sorsa et al., 2004; 2006). Secretion and activation of MMPs are mainly regulated
by bacterial products or by host cytokines, while their activation can be inhibited by tissue
inhibitor of matrix metalloproteinases (TIMPs) (Sorsa et al., 2006). Predominant MMPs in
the pathogenesis of periodontitis are neutrophil-derived MMP-8 (collagenase-2) and MMP-
9 (gelatinase-B), which are present in GCF and saliva (Mékela et al., 1994; Ingman et al.,
1996). Among all the other MMPs, collagenases (MMP-1, -8, -13, and -18) degrade type I
collagen, the main type of collagen in periodontium, in fibrillar form. Gelatinases (MMP-2
and -9) contribute to the degradation of denatured collagen, and in addition, MMP-2 digests
fibrillar collagen (Aimes and Quigley, 1995; Varani et al., 2002). In the pathogenesis of
periodontal diseases, MMPs not only act as tissue-degrading enzymes, but can also form an
activation cascade with each other, which can protect them from TIMP inhibition (Hernandez
Rios et al., 2009).
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Prolonged bacterial challenge, concomitantly with the progressive host response, allows the
T- and B-lymphocytes to emerge at the sites of infection as an antigen-specific response
(Preshaw and Taylor, 2011). As the main cells of adaptive immune system, T- lymphocytes
regulate the cell-mediated immunity, while B-lymphocytes are mainly associated with the
antibody-mediated immunity.

While the host defence mechanisms, mainly phagocytes and lymphocytes, try to suppress the
level of infection by eliminating the pathogens, the increased expression of proinflammatory
cytokines, such as IL-1B, -6, and TNF-a, stimulates the katabolic activity in the periodontal
tissues (Garlet et al., 2006; Trombone et al., 2009). In fact, these cytokines can induce the
connective tissue and alveolar bone destruction, by increasing the expression of their own
degradative mediators, such as Receptor Activator for Nuclear Factor kB Ligand (RANKL)
and MMP-8 with a simultaneous down-regulation of their endogenous inhibitors, i.e.
osteoprotegerin (OPG) and TIMP-1, respectively.

2.3.3 Modifying factors

The host’s inflammatory response to infection is influenced by several environmental and
systemic conditions, as well as by genetic factors, which, in the end affect the occurrence,
progression, and severity of periodontal diseases (Stabholz et al., 2010). Environmental
and behavioural factors, such as smoking and poor oral hygiene, may cause shifts in
subgingival bacterial profiles (Haffajee and Socransky, 2001; Shchipkova et al., 2010).
Smoking itselfalso impairs the periodontal tissue homeostasis through its effects on wound
healing and tissue regeneration. Tomar and Asma (2000) have reported that smokers have
an up to four times higher risk of developing periodontitis in comparison to non-smokers,
and the relationship between the number of cigarettes smoked daily and development
of periodontitis is dose-dependent (OR 2.8 for <9 cigarettes per day and OR 5.9 for
>31 cigarettes per day). Certain systemic diseases, such as diabetes, and neutropenia,
impair the immune response and diminish tissue regeneration (Stabholz et al., 2010).
Furthermore, genetic disorders and polymorphisms, such as in toll-like receptors and
cytokine expressions and functioning, may alter bacteria recognition and host-signalling
systems.

During different phases of women'’s reproductive life, such as in puberty, menstrual cycle,
pregnancy, and menopause (Amar and Chung, 1994; Mascarenhas et al., 2003), the bacteria-
host tissue interaction is modified, either by enabling enhanced growth of certain bacteria, or
by impairing the host-defence mechanisms.

2.4 FEMALE SEX STEROID HORMONES

Cholesterol-derived steroids form a large group of hormones, which can be additionally
subgrouped into three main sets: corticosteroids, calcium-regulating steroids, and sex
steroids, which include androgens, estrogens, and progestins (Mariotti, 1994; Mascarenhas
et al.,2003).
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In women, estrogens are responsible for essential reproductive functions such as development,
growth, and maintenance of secondary female sex characteristics, i.e. mammary gland
development (Mariotti, 1994; Mealey and Moritz, 2003). Estrogens appear naturally in three
forms; estrone, estradiol, and estriol. Principally the ovarian follicles, and to a lesser extent
the peripheral tissues, but also the placenta during pregnancy, secrete estradiol, whereas
estrone is mainly secreted by the peripheral tissues and to a lesser extent by the ovaries.
Estriol is predominantly a metabolite of estrone and estradiol. Estradiol is the most potent
estrogen, and in fertile-aged women the most abundant one.

Progesterone is synthesised and secreted primarily in the ovaries by the corpus luteum during
the latter half of the menstrual cycle, and in the placenta during pregnancy, but also by
the adrenal cortex (Mariotti, 1994; Mealey and Moritz, 2003). The primary activities of
progesterone are seen during the menstrual cycle and during pregnancy. Synergistically acting
with estrogens, progesterone controls the menstrual cycle by regulating the gonadotropin
secretion from the the anterior pituitary gland (Amar and Chung, 1994). During pregnancy, its
main functions are to maintain the endometrial effect and the uterine quietence. Additionally,
progesterone takes part in other body functions, such as decrease in hepatic secretion of
very low density lipoprotein and high density lipoprotein, stimulation of the hypothalamic
respiratory centre, enhancement of sodium excretion in kidneys and elevation of body
temperature during ovulation (Mariotti, 1994).

Both estrogens and progesterone are found in very low (10°-10"'2 mol/l) concentrations
in the blood circulation, and the vast majority is bound to plasma proteins, i.e. albumin
and globulins, such as the sex-hormone-binding globulin (SHBG) and corticosteroid-
binding globulin (CBG) (Mariotti, 1994). Only the unbound (free) hormones are considered
biologically active, and are able to enter the target cell by diffusion and bind to the specific
hormone receptors and, then, initiate the hormone actions and effects in the involved tissue.
Furthermore, unconjugated steroid hormones are able to enter the saliva by diffusing through
the acinar and ductal cells of the salivary glands independently of the salivary flow rate
(Vining et al., 1983). Therefore, the unconjugated salivary estrogens and progesterone
concentrations closely reflect their unbound concentrations in plasma (Vining et al., 1983;
Darne et al., 1987).

2.4.1 Estrogens and progesterone during pregnancy

From the fertilization of the ovum and implantation till the development of the placenta,
the corpus luteum is responsible for the increased progesterone and estrogen production.
The placenta takes over the role of the corpus luteum from the second trimester to term, and
continues raising the female sex hormone production (Mariotti, 1994; Mealey and Moritz,
2003). The highest peaks of the progesterone and estrogen levels in serum are found in the
end of the third trimester of pregnancy, when pregnant women daily produce approximately
20 mg of estradiol and almost 300 mg of progesterone (Figure 6). When the placenta is
disengaged at parturition, these female sex hormone levels remarkably decrease, reaching
their non-pregnant concentrations within 2-3 days after delivery.
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Figure 6. Rates of secretion of estrogens and progesterone at different stages of pregnancy. (Modified
from Guyton, 1991).

During pregnancy, the key role of progesterone is to maintain the pregnancy (i.e. to allow
the development of the fetus) by supporting the endometrium, decreasing the contractility of
the smooth muscle in the uterus, and affecting the maternal immune response (Hansen, 1998;
Szekeres-Bartho et al., 2001). Estrogens increase the size of the uterus, thicken the uterine
wall and vaginal mucosa, and increase the blood supply by the enlarged number and size of
vessels. Furthermore, together with estrogens, progesterone is needed for mammary gland
development (Mariotti, 1994; Mealey and Moritz, 2003).

2.4.2 Steroid hormones and periodontium

It is well established that the regulation of cell proliferation, differentiation, and growth by
estrogens and progesterone does not take place only in reproductive organs, but also occurs
in other tissues. In fact, Vittek et al. (1982) reported that the gingiva represents a target tissue
for estrogens by demonstrating for the first time a specific estrogen receptor (ER) in gingival
tissue. Later, two distinct subtypes of receptors, ERa (Green et al., 1986; Greene et al., 1986)
and ERP (Kuiper et al., 1996) have been found to mediate the direct effects of estrogens.
Classical estrogen-target tissues, such as the endometrium, ovaries and mammary glands,
contain predominantly ERa, whereas ERp is also found in non-productive tissues, including
periodontal ligaments (Jonsson, 2007; Mamalis ef al., 2011), gingival epithelium (Nebel
et al., 2011) and salivary glands (Vilimaa et al., 2004). Besides ERp, periodontal tissues
also contain receptors for androgens (Parkar et al., 1996) and progesterone (Kawahara and
Shimazu, 2003). This explains why periodontal tissues are sensitive to changes in circulating
steroid hormone levels.

The effects of the female sex hormones on the periodontium are summarised in Figure 7.
These are mainly based on observations concerning the biological changes that occur in


http://en.wikipedia.org/wiki/Smooth_muscle
http://en.wikipedia.org/wiki/Immune_system

Review of the Literature 21

periodontal tissues during distinct hormonal conditions, such as puberty, oral contraceptive
use, pregnancy, and menopause. Being a target tissue for steroid hormones, however, does
not illuminate the complete etiology of sex-hormone-induced changes in the periodontium.

Vascular effects
+ vascular dilatation and permeability 1 (P)
+ cellular proliferation in blood vessels 1 (E)

Immunological effects
* PMN chemotaxis and phagosytosis | (P/E)

+ T-cell response | (E)

+ antibody response | (P/E)

* leukocyte production from the bone marrow | (E)

+ modulation of proinflammatory cytokine expression (E)
+ prostaglandin production by macrophages 1 (P)

+ epithelial keratinization | (E) and glykogen 1 (P/E)

+ alteration in collagen synthesis; tissue repair | (P)

« folate metabolism 1 (P) ; tissue maintenance and repair |
+ alteration in fibroblast proliferation (P/E)

Figure 7. Summary of the estrogen (E) and progesterone (P) effects on the periodontium. (Modified
from Amar and Chung, 1994; Mascarenhas ef al., 2003)

2.5 PREGNANCY-RELATED PERIODONTAL CHANGES

Currently, pregnancy-associated periodontal changes, i.e. pregnancy gingivitis and pyogenic
granuloma, are categorised under plaque-induced gingival diseases modified by systemic
factors, here the endocrine system (Armitage, 1999). Pregnancy itself does not seemingly
cause gingivitis, and a healthy gingiva without bacterial challenge usually remains unaffected
(Hugoson, 1971; Arafat, 1974). According to the previous literature, the prevalence of pregnancy
gingivitis varies widely between 35% (Hasson, 1960; Chaikin, 1977) and 100% (L&e and
Silness, 1963; Hugoson, 1971), whereas the pregnancy-related pyogenic granuloma (epulis
gravidarum) develops only in up to 5% of pregnant women (Tiilild, 1962). Independent of the
study subjects’ ethnicity, similar changes in the gingival appearance during pregnancy have
been reported among different populations (Hugoson, 1971; Malisa et al., 1993; Muramatsu
and Takaesu, 1994; Tilakaratne et al., 2000; Figuero et al., 2010). On the other hand, Afro-
American women (Lieff e al., 2004) and women with poor socio-economic status have a
significantly increased tendency to develop aggravated pregnancy-related periodontal changes
(Machuca et al., 1999; Yalcin et al., 2002b; Taani et al., 2003; Sarlati et al., 2004).

In order to explain the etiology of pregnancy-related gingivitis, several potential mechanisms
have been proposed, including effects of hormones, subgingival microbiota, and/or immune-
inflammatory host response on periodontal tissues. However, so far the underlying mechanisms
have not been completely clarified. Table 2 presents the majority of existing data on pregnancy
gingivitis from the previous longitudinal and prospective cohort studies. Although during
the last 10-year period an increased number of case-controlled follow-up surveys have been
published, most of the evidence related to pregnancy gingivitis is still available from cross-
sectional and in vitro studies. This makes it difficult to obtain an exact association between
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periodontal changes and pregnancy. Furthermore, the data comparison is very complex because
of the vast disparity in the study materials and methods used in different surveys.

2.5.1 Clinical features

During pregnancy, there is an increase in gingival inflammation in the presence of stable (Silness
and Loe, 1964; Kornman and Loesche, 1980; Tilakaratne et al., 2000, Figuero et al., 2010) or
even decreasing plaque levels (Hugoson, 1971; O’Neil, 1979a). Clinically, gingival changes
represent typical signs of inflammation, such as redness in colour, tissue swelling, increased
tendency and severity of bleeding (Samant ef al., 1976), and enhanced GCF secretion (Jensen
et al., 1981). Besides those, gingival pocket formation (Lée and Silness, 1963; Hugoson,
1971; Muramatsu and Takaesu, 1994; Raber-Durlacher et al., 1994; Yalcin et al., 2002b; Taani
et al., 2003; Buduneli et al., 2010) and enhanced tooth mobility (Cohen et al., 1971) have
been detected. Inflammatory changes often occur in the interproximal sites and, usually, are
significantly greater in molars than in anterior teeth (Loe and Silness, 1963; Hugoson, 1971;
Moss et al., 2007). Interestingly, women with partly or fully erupted third molars are found to
be at potentially increased risk of developing more severe periodontal inflammation during
pregnancy in comparison with subjects without third molars (Moss et al., 2007).

Pregnancy-associated gingival inflammation reaches its highest peak during the second
(O’Neil, 1979a; Kornman and Loesche, 1980; Muramatsu and Takaesu, 1994) or the third
trimester (Loe and Silness, 1963; Cohen et al., 1969; Hugoson, 1971; Tilakaratne et al.,
2000; Yalcin et al., 2002a). It subsequently recovers spontaneously and, after delivery,
the gingival health status is similar to that in non-pregnant women, without any apparent
progress to periodontitis within a three-month (Cohen et al., 1969; Tilakaratne et al., 2000)
up to a 15-month post-partum follow-up (Cohen et al., 1971).

Previously, clinical attachment level (CAL) during pregnancy has been evaluated only in few
studies and the results vary. In an experimental gingivitis model (Raber-Durlacher et al., 1994)
and in a cross-sectional clinical study (Taani et al., 2003), no differences in CAL were found,
whereas in previous longitudinal studies, no differences in CAL were found between pregnant
and non-pregnant subjects (Tilakaratne et al., 2000) or some attachment loss was detected in
pregnant women during the follow-up (Cohen et al., 1969). When any other modifying factor,
such as diabetes (Guthmiller ef al., 2001; Ruiz et al., 2011), race, or poor socio-economic status
(Lieffet al.,2004) was present, the risk of having attachment loss and pocket formation increased
significantly. Based on these varying results, it seems that there is still need for more information
about whether prolonged and aggravated gingivitis during pregnancy is able to proceed to initial
periodontal destruction, including increased pocket formation and attachment loss.

Another type of tissue reaction as an outcome of continuous low-grade bacterial irritation
(typically involved with subgingival calculus or other plaque retention) during pregnancy
is epulis gravidarum (Ojanotko-Harri et al., 1991; Jafarzadeh et al., 2006). This highly
vascularised and easily bleeding gingival lesion on the interdental papilla usually exists as
an exophytic mass with a sessile or pedunculated base (Tiilild, 1962; Ojanotko-Harri et al.,
1991). The colour varies from dark red to purplish red or even blue, and the surface is often
coated with small fibrin spots.
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2.5.2 Microbial aspects

Steady plaque levels concomitantly with a high increase in gingival bleeding during
pregnancy have led to a proposal that the elevated levels of female sex hormones may also
influence the composition and virulence of subgingival biofilms. In fact, along with the
elevated levels of estrogens and progesterone in serum during pregnancy, qualitative changes
in the subgingival microbiota from the aerobic or facultative gram-positive species towards
anaerobic gram-negative species have been observed (Kornman and Loesche, 1980; Jensen et
al., 1981). Especially during the second trimester, when gingival bleeding reaches its highest
levels, the proportion of P. intermedia (formerly Bacteroides intermedius) in subgingival
plaque has been reported to increase significantly (Kornman and Loesche, 1980; Muramatsu
and Takaesu, 1994; Raber-Durlacher et al., 1994). Later, Kornman and Loesche (1982)
explained this phenomenon by showing that two pigmented Prevotella species, Prevotella
melaninogenica and P. intermedia, are actually able to use both estrogen and progesterone
for their growth instead of vitamin K, which is an essential growth factor. A decade later, P.
intermedia was found to contain two phenotypically indistinguishable species, P. intermedia
and P. nigrescens (Shah and Gharbia, 1992). Thereafter, the term “P. intermedia sensu
lato” has been proposed, to be used if these two species are not separated from each other.
Nowadays the separation, however, can be performed reliably and without difficulties by
using molecular biology methods, such as 16S ribosomal deoxyribonucleic acid (rDNA)-
based polymerase chain reaction (PCR) techniques (Paster et al., 1994; Haraldsson and
Holbrook, 1999). Since it is currently possible to identify P. intermedia and P. nigrescens,
their association with pregnancy gingivitis remains to be individually clarified.

Within recent years, further clinical follow-up studies have been performed, aiming to
evaluate shifts in the microbiological status during pregnancy, to find any involvement of
specific pathogens with pregnancy gingivitis, and to assess any correlations between the
oral microbiota and elevated hormone levels during pregnancy. A few examples are given
as follows:

Yokoyama and co-workers (2005) showed in their in vitro studies that estradiol is able
to increase the growth of C. rectus, which is another potential periodontal pathogen. In
their cross-sectional study, a positive correlation was found between the salivary estradiol
concentrations and levels of C. rectus, P. gingivalis, and F. nucleatum in pregnant women
(Yokoyama et al., 2008). Additionally, the salivary C. rectus levels positively correlated with
the percentages of sites with 4 mm pocket depth without any attachment loss.

According to a pilot study, when the third molars were present, the efficacy of scaling and root
planing during pregnancy proved to be limited to reduce the amount of periodontal pathogens
measured from the mesiobuccal sites of first molars (Moss et al., 2008). Especially, increased
counts of 7. forsythia and P. nigrescens were significantly associated with the presence of
third molars. Thus, third molars in pregnant subjects are suggested to act as a reservoir for
periodontal pathogens by serving as suitable niches for their growth.

However, there are discrepancies in the current literature about the correlation between
increased hormone levels and subgingival microbiota during pregnancy. In a follow-up
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study, no significant changes in the proportions of subgingival P. intermedia (here named as
P. intermedia sensu lato) were found between pregnant and non-pregnant subjects (Jonsson
et al., 1988). In addition, no correlation was found between the microbiological or clinical
parameters and hormonal status. In contrast, in a recent study by Carrillo-de-Albornoz et
al., (2010), pregnant women without periodontitis, harbouring P. gingivalis or P. intermedia
(here named as P. intermedia sensu lato) in subgingival biofilms, presented a significantly
increased gingival inflammation tendency during mid-pregnancy and the presence of P.
intermedia sensu lato and P. gingivalis positively correlated with the salivary female sex
hormone levels.

Furthermore, interesting insights are provided in a recent study, where the occurrence of two
subgingival herpes viruses, i.e. Epstein-Barr and cytomegalovirus, was examined at 28-32
weeks of pregnancy (Eres et al., 2011). The intra-group analysis indicated that the virus
occurrence in relation to the sites with pregnancy gingivitis did not significantly differ from
those with the healthy condition. However, the presence of Epstein—Barr virus was over
three-fold (»p<0.05) in pregnant women in comparison with non-pregnant controls.

Based on these results, the effects of female sex hormones on subgingival microbiota remain
generally conflicting, as the results from different studies are still inconclusive, and, thus, no
clear etiology for pregnancy gingivitis can be given.

2.5.3 Gestures in host response

Elevated progesterone levels aim to allow the fetal survival throughout pregnancy (Hansen,
1998), by, for example, suppressing the mother’s own immune response against the fetus. In
other words, immunosuppression during pregnancy is of benefit to the fetus; however, the
remodulation of the immune response also affects the mother’s host-defence against bacterial
challenge (Szekeres-Bartho ef al., 2001; Chen ef al., 2012). An increased susceptibility to
gingival inflammation during pregnancy might, at least partly, be explained by the sex-
hormone-related immunosuppression.

It has been demonstrated that high progestrone levels have effects on local inflammation by
down-regulating the IL-6 production of gingival fibroblasts (Lapp et al., 1995). Interestingly,
these results were later challenged by Yokoyama et al. (2005), who observed an increase
in the IL-6 and IL-8 production by estradiol-stimulated gingival fibroblasts (Yokoyama
et al., 2005). IL-6 is of major importance in the periodontal disease pathogenesis, as it
stimulates the B- and T-lymphocyte differentiation, activates macrophages, and regulates
osteoclastogenesis (Bouman ef al., 2005). Therefore, its up- or down-regulation by estrogen
modulates the disease and healing processes of periodontal tissues.

Collagen-degrading MMP productions of fibroblasts have been studied in in vitro conditions.
When incubated with progesterone, IL-1B-stimulated MMP-1, -3, -8, and -9 secretions
were down-regulated (Lapp et al., 2003). Overexpression of MMPs is of interest, since the
main organic content of connective tissue and bone is collagen, which MMPs can degrade.
However, our knowledge of the role of female sex hormones on MMPs and their regulators
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in periodontal tissues during pregnancy is limited, and especially neutrophilic enzymes,
including MMPs, need to be studied thoroughly.

In response to the challenge by pathogenic periodontal bacteria, gingival tissues respond
to inflammation by up-regulating endothelial adhesion molecules, increasing the secretion
of chemotactic agents, and aggravating leukocyte chemotaxis (Scott and Krauss, 2012).
Estrogen attenuates these critical steps of inflammation by inhibiting the secretion of
adhesion molecules and chemokines, i.e. macrophage chemoattractant peptide-1 and IL-8,
respectively (Rodriguez et al., 2002; Shu et al., 2008). It has been suggested that changes in
the plasma concentrations of estradiol and progesterone not only affect the chemotaxis and
phagocytosis of PMNs (Bjorksten et al., 1978; Persellin and Thoi, 1979; Krause et al., 1987;
Ito et al., 1995), but also their migration, motility, and deformability (Miyagi et al., 1992).
Consequently, in in vitro conditions, the chemotactic ability and migration of PMNs were
enhanced by progesterone and reduced by estradiol, whereas no effects on monocytes were
observed (Miyagi et al., 1992).

In addition, sex hormones may modulate gingival inflammation by impairing the monocyte
functions. In response to incubation with estradiol, an enhanced or decreased production
of prostaglandin E, (PGE,) from monocytes, at least in in vitro conditions, has been shown
(Miyagi et al., 1993). The modulation was dose-dependent, i.e. a high estradiol concentration
increased the production, whereas a low concentration reduced it. In addition, monocytes
contribute to the direct immune response by producing cytokines, such as IL-1B, TNF-q,
IL-6, IL-12, and IL-18. In a clinical follow-up study, where GCF samples were analysed
and compared between pregnancy and post-partum, no changes in IL-1B and TNF-a levels
were found (Bieri et al., 2012). In contrast, according to Luppi et al. (2002), monocytes from
pregnant women produce more IL-1B and IL-12, and less TNF-a, in comparison with the
non-pregnant stage. Down-regulation of TNF-a was also seen in the T-lymphocyte response,
together with an up-regulation of IL-4, IL-5, and IL-10. The suppression of cell-mediated
immune response was explained by a shift from the Type 1 (Thl-mediated) to Type 2 (Th2-
mediated) reactivity (Piccinni et al., 1995; Luppi, 2003). Interestingly, the function and
antibody production of B-lymphocytes are unaffected in pregnancy (Brabin, 1985). These
findings on systemic response do not correlate with an experimental gingivitis model during
pregnancy; in that model, the number of B-cells decreased during pregnancy, but the number
of Thl cells increased (Raber-Durlacher et al., 1993). Overall, the role of T- and B-cells
and their inner shifts in the pathogenesis of pregnancy-related periodontitis still need to be
studied further.
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3. AIMS OF THE STUDY

The etiology of pregnancy gingivitis most likely includes a multifactorial interaction between
the periodontal tissues, female sex hormones, microbes, and host immune response (Figure
8). Therefore, studies I-IV aimed to investigate longitudinally the effect of pregnancy on
periodontal tissues, to evaluate different factors related to the development of pregnancy
gingivitis, and to compare them with those in a matched group of non-pregnant women. The
specific aims were:

° to examine the progression of pregnancy-related clinical changes in the periodontium
during each trimester and post-partum (I)

° to determine the occurrence of P, intermedia and P. nigrescens during pregnancy and
their involvement in pregnancy gingivitis (II)

° to examine the activation of host response during pregnancy (II1, IV)

° to evaluate salivary (III) and GCF (IV) neutrophilic proteolytic enzyme involvements
in pregnancy gingivitis

Initiation of g> Activation of host immune
inflammatory response response

1L IV
Bacterial challenge by Secretion of proteolytic
lonmenel LPS, enzymes, toxins 1 enzymes
changes
during
Growth of specific Pathological changes in
RICIRANCY, oral bacteria 1 periodontal tissues provide a
I suitable environment for bacteria

PREGNANCY GINGIVITIS I

Figure 8. Proposal for the pathogenesis cascade of pregnancy gingivitis.
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4. MATERIAL AND METHODS

Detailed descriptions of the materials and methods are provided in the original articles I-IV.

4.1 SUBJECTS, SELECTION CRITERIA, ETHICAL PERMISSION

4.1.1 Pregnant study population (Pr group)

Recruitment announcements, including details about the study with the selection criteria,
were published in the local newspaper and also hung on the bulletin boards in the prenatal
and dental clinics of the Kerava Municipal Health Care Centre. Furthermore, all the women,
who attended their first check-up in the local prenatal clinic, were informed about the study.
Of these, 30 generally healthy, non-smoking, pregnant Caucasian women (age range 24-
35 years, mean 29.3 years), who were volunteers and fulfilled the selection criteria, were
recruited for the study population (the Pr group).

4.1.2 Non-pregnant control population (N-Pr group)

Twenty-four matched non-pregnant Caucasian women (age range 25-36 years, mean 30.4
years) were recruited from the dental clinic of the Kerava Municipal Health Care Centre and
enrolled as participants in the control population (the N-Pr group).

4.1.3 Inclusion / exclusion criteria

The selection criteria for the Pr and N-Pr groups at baseline are presented in Table 3.

Table 3. Inclusion and exclusion criteria for the participants in the study

Pr group N-Pr group
Inclusion criteria:
< Women 24-36 years of age
« 10 + 1 weeks of pregnancy (for the Pr group only)
+ Non-smoker or former smoker
< Presence of 220 natural teeth (besides third molars)
Exclusion criteria:
« Pregnancy or breastfeeding (for the N-Pr group only)
< Present or previous diagnosis of periodontitis
% Presence of systemic disease/medication affecting the
periodontium
%+ Systemic or topical antimicrobial or anti-inflammatory therapy [ [
within the previous 3 months
<+ Poor oral hygiene, deep caries lesions, remnant roots . .

4.1.4 Study design

The study protocol and sampling strategy are presented in Figure 9. This flow diagram also
includes information on the derivation of the pregnant and non-pregnant women during the
follow-up. The different time-points for each visit were set with slight modifications based
on a corresponding longitudinal study scheme by Kornman and Loesche (1980).
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4.1.5 Ethical permission

The study complied with the Declaration of Helsinki. Approvals for the study were obtained
from the Helsinki University Central Hospital Obstetrics and Gynecology Ethics Committee
and Kerava Municipal Health Care Centre. All participants in the study were informed on the
purpose and objectives of the study, and their written consent was obtained.

4.2 CLINICAL EXAMINATION (I)

Clinical examinations were performed by one dentist (M.G.) between October 2002 and
October 2006. After the initiation of the study, the intra-examiner agreement was tested
by a calibration process including two periodontal examinations performed twice in the
same subject (n=10) during the same day. Kappa scores were calculated for tested clinical
parameters and the intra-examiner agreement was found to be very good (k 0.853-0.897).

A summary of the clinical data collection for each study (I-IV) is presented in Table 4.

In studies I and I11, at each visit, full-mouth clinical documentation of the periodontal status,
including VPI, BOP, PPD, and CAL measurements, is presented from six sites per tooth.

In study II, full-mouth BOP recordings are presented as percentages.

In study 1V, clinical measurements, including VPI, BOP, PPD, and CAL, are scored from the
GCF sampling sites, the mesiobuccal sites of all first molars.

Table 4. Summary of clinical, microbial, enzyme, and other data in regard to their collection sources (I-IV).

Sources of sample/data collection

6 sites/all 1 site/ Subgingival Stimulated GCF»
teeth quadrant® plaque® saliva

Clinical data:
BOP 1,00, v

CAL 1, 1 v

PPD 1, 1 v

VPI 1, 1 \%

Microbial data:

P. intermedia / Il I}

P. nigrescens

Pigmented Prevotella unpublished unpublished

Enzyme data:

Elastase ]l v
MMP-2 ]

MMP-8 ] v
MMP-9 ]

MPO ] v
TIMP-1 ] v
Other data:

Estradiol Giirsoy et al.,2011
Salivary flow rate unpublished
*) mesiobuccal sites of 15t molars
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43 SPECIMEN COLLECTION

A summary of the sample and data collection for each study (I-IV) is presented in Table
4. At each visit, GCF, subgingival plaque, and stimulated saliva were collected. GCF and
plaque samples were collected from the mesiobuccal sites of all first molars or, if missing,
second molars.

4.3.1 Gingival crevicular fluid (IV)

Prior to collecting GCF, the sampling sites were gently dried with air and kept dry with
cotton wool rolls, avoiding any contamination with saliva. For absorbing GCF, two filter-
paper strips per sampling site were used. The tip of each strip was placed into the gingival
sulcus for a standardised period of 30 seconds. The strips with blood contamination were
discarded. The strips were placed into dry plastic Eppendorf tubes and kept at -20°C until
further analysis.

4.3.2 Subgingival plaque (II)

After the tooth surfaces were gently dried with air and kept dry with cotton wool rolls, a
pooled subgingival dental plaque sample was taken with a sterile Mini Gracey 11/12 curette
(LM-Instruments Oy, Parainen, Finland). The plaque sample was placed into VMGA 1II
transport medium (Dahlén et al., 1993) in a vial with glass beads. Samples were transported
within 2 h and cultivated immediately.

4.3.3 Saliva (IL, III)

Paraffin-stimulated saliva was collected by expectoration for 5 min, and the sample was
placed in a plastic Nunc Cryo Tube (Thermo Fisher Scientific, Roskilde, Denmark). Salivary
samples for microbial testing were transported within 2 h and cultivated immediately (II).
Samples for salivary proteinase analyses were kept at -20°C until assayed (III).
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4.4.1 Cultivation, colony isolation, and preliminary identification of pigmented
Prevotella species (I1, additional data)

The saliva and subgingival plaque specimens were thoroughly vortexed, serially diluted (10!
-10”), and cultured on non-selective Brucella agar for the total anaerobic growth and on
selective kanamycin vancomycin laked blood (KVLB-2) agar for the detection of pigmented
Prevotella species. The plates were incubated in anaerobic conditions at 37°C for 5-7 days
until the isolation and subcultivation of potential pigmented Prevotella colonies on rabbit
laked blood (RLB) agar, egg yolk agar (EYA), and Brucella agar; these were anaerobically
incubated for 3-5 days. Whenever possible, at least 10 black-pigmented and 10 other
pigmented isolates per specimen were collected from the KVLB-2 agar plates.
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Biochemical reactions for a differentiation of pigmented Prevotella species are described
in detail in Table 5. The preliminary identification was made according to the colony
description, Gram staining (gram-negative short rods or coccobasilli), aerotolerance
(negative; no growth in O, or CO,), and phenotypic testing, including pigment production
(tan/brown/dark brown/black colonies) on RLB agar, red fluorescence under ultraviolet
light, lipase reaction (negative or positive) on EYA, reduction of nitrate (negative), and
production of catalase (negative) and indole (negative or positive) (Jousimies-Somer et
al., 2002).

Table 5. Biochemical reactions for a preliminary identification of different pigmented Prevotella
species
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P. loescheii - + + - - - - - - R R Vv s
P. melaninogenica - + + - - - - - - R R Vv S
P. pallens - + + - - - + - - R RS S S

R= resistant, V= variable reaction, S= sensitive

4.4.2 DNA isolation for PCR (II)

Preliminarily identified P intermedia sensu lato isolates from saliva (n=1,235) and
subgingival plaque (n=1,393) were further identified by 16S rDNA-based PCR with slight
modifications (Haraldsson and Holbrook, 1999). The details of the method used are given
in Study II.

4.5 IMMUNOLOGICAL METHODS

Frozen saliva samples were thawed at room temperature and then centrifuged at 10,000
rpm for 3 minutes. The supernatants were aliquoted for further analyses (III). According to
Emingil et al. (2008), the absorbed GCF samples from each paper strip were eluted into 75 pl
of 50 mM Tris-HCI (pH 7.8), including 0.2 M NaCl and 1 mM CaCl,, on the shaker at room
temperature for 2 h, and then stored at -20°C until enzyme analyses (IV).
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4.5.1 Enzyme-linked immunosorbent assay (ELISA) (I11, IV)

Levels of elastase, MPO, and TIMP-1 in saliva (IIT) and GCF samples (IV) were measured
by commercially available ELISA kits, as recommended by the manufacturer. Estradiol
levels in saliva (Giirsoy et al., 2011) were measured by the High Sensitivity Salivary
17B-Estradiol Enzyme Immunoassay Kit (Salimetrics, State College, PA, USA) according to
the manufacturer’s instructions. The amount of each salivary biomarker was analysed based
on the concentration data (III). However, biomarkers in GCF are presented as total amount
per standardised collection time of 30 s, thus avoiding the influence of inflammation on
simultaneous effects on the biomarker and GCF increase (Lamster et al., 1988; 1997; 2007).

4.5.2 Immunofluorometric assay (IFMA) (II1, I'V)

A time-resolved immunofluorometric assay (IFMA) with specific monoclonal antibodies,
including catching antibody and europium-chelate labeled tracer antibody (Hemmild et
al., 1984), was used for detecting MMP-8 levels in saliva (III) and GCF samples (IV),
as described previously by Hanemaijer et al. (1997). The specificity of the monoclonal
antibodies against MMP-8 corresponded to that of polyclonal MMP-8 (Sorsa et al., 2010).

4.6 FUNCTIONAL ASSAY

4.6.1 Gelatinase assay by zymography (I1I)

Gelatin zymography was used to identify the presence of two gelatinases MMP-2 (gelatinase
A) and MMP-9 (gelatinase B) from saliva, based on their molecular weights 72 kD and
92 kD, respectively (Ingman et al., 1994; Sorsa et al., 1997). The incubation of saliva
specimens with the sample buffer was carried out at room temperature in the dark for 2
h. Then, 8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels
containing 1 mg/ml of fluorescent gelatin (Fluka, Buchs SG, Switzerland) as substrate were
used (Sorsa et al., 1997). Under denaturing and non-reducing conditions, protein separation
by electrophoresis was carried out at 4°C with constant voltage (110 V) for 1.5 h. After
electrophoresis, partial protein renaturation and recovered enzymatic activity were reached
by washing and incubating the gels first in 50 mM Tris-HCI (pH 7.5), including 0.02% (w/v)
NaN, and 2.5% Tween 80 for 30 min, and then in the same buffer, supplemented with 5 pM
ZnCl and 1 mM CaCl, for 30 min Finally, the gels were incubated at 37°C in a suitable
activation buffer 50 mM Tris-HCI (pH 7.5), including 0.02% (w/v) NaN, 5 uM ZnCl,, and
1 mM CaCl, for 18 h. After incubation, long wave UV light was used for visualizing the
degraded gelatin, and then the gels were fixed and stained with 0.1% Coomassie Blue R-250
in 30% methanol and 10% acetic acid. The gelatinolytic levels and activities were visualised
as clear bands against a blue background. Prestained low range SDS-PAGE standards (Bio-
Rad, Hercules, CA, USA) were used to confirm the molecular weights of the gelatinolytic
activities. The levels of MMP-2 and MMP-9 were determined using a scanning densitometry
with Kodak molecular imaging software (Rochester, NY, USA), and expressed as relative
levels derived from densitometric units (Sorsa et al., 1997).
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4.7 STATISTICAL ANALYSES

The retrospective power calculation indicated that 26 women in each group would show a
mean difference of 10% (SD 15%) on BOP index using a statistical power of 90% with a
significance level of 5%. The calculation was performed with SAS Power and Sample Size
3.1 (SAS Institute INC Carry, NC, USA).

Data analyses were performed using the SPSS 14.0 (I, II) and 15.0 (III, IV) statistical
softwares (SPSS Inc., Chicago, IL, USA). Analyses for each study parameter were carried
out using the subject (I-III) or the site (IV) as the experimental unit. The Kolmogorov-
Smirnov test and histograms were used to check the normality of the data distribution (Chan,
2003a). Because of the skewed nature of the data, all statistics were run through with non-
parametric tests. Within the Pr and N-Pr groups, the differences between the follow-up
visits were identified first with the Friedman test and then compared using the Wilcoxon
signed ranks test (Chan, 2003b) (I-III), and with the McNemar test (Chan, 2003c) (IV).
Furthermore, the Mann—Whitney U test was used for the comparison of the values between
the Pr and N-Pr groups (Chan, 2003b) (I-IV). Correlations between the clinical parameters
and estrogen levels were calculated with the Spearman’s rank correlation test (Chan, 2003d).
In all comparisons p-values <0.05 were considered statistically significant.
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5.  RESULTS AND DISCUSSION

5.1 GENERALAND METHODOLOGICAL ASPECTS

The recruitment of pregnant and non-pregnant women for the study was a demanding task.
From autumn 2002 to autumn 2003, altogether 310 pregnant women visited the prenatal
clinic, of whom 248 (80%) were potentially eligible participants by their age (24-35 years).
The majority of them, however, did not meet the selection criteria or otherwise lacked
interest in committing to a long follow-up study. Only 22 (8.9%) pregnant women contacted
the principal investigator for further details about the study and made an appointment for the
initial screening, but three of them were excluded because of the use of penicillin within a
week, use of toothpaste with antimicrobial compound or a diverse time-schedule. Thus, 19
women were enrolled in the study during the first year. Therefore, the recruitment continued
until 30 pregnant women were included in the study. Similarly, the lack of common interest
was the main reason for even a smaller number of participants in the N-Pr group, i.e. during
a four-year period, only 24 non-pregnant women were enrolled in the study.

The main strength of the present study series is its longitudinal study design with five
scheduled follow-up visits for pregnant women, who were seen once per trimester and twice
after delivery. In previous studies, the length of the post-partum follow-up period has varied
widely from weeks (O'Neil, 1979a; Adriaens et al., 2009) to some months, typically up
to three months (Cohen et al., 1969; Tilakaratne et al., 2000; Figuero et al., 2010), with
the longest follow-up of 15 months (Cohen et al., 1971). In studies I-IV, the post-partum
follow-up period for each subject was continued till the end of their lactation period, which
ranged from 8 to 88 weeks with a mean duration of 38.7 £ 19.2 weeks. The final visit was
arranged approximately 2-4 weeks after breastfeeding ended, however, not during menstrual
bleeding. The current study is one of the longest ever undertaken.

The subjects in the Pr and N-Pr groups were recruited from one single health care centre, and
they were homogenous in their ethnicity (Caucasian) and socio-economic status (Table 6).
In previous pregnancy gingivitis studies, it has been shown that the socio-ecomic status and
ethnicity may influence the clinical outcomes (Machuca et al., 1999; Yalcin et al., 2002b;
Taani et al., 2003; Lieff et al., 2004). In addition, the age range of the present study population
was limited to 2436 years, since younger or older women may have hormonal fluctuations
other than pregnancy, such as puberty or menopause (Amar and Chung, 1994; Mascarenhas
et al., 2003). Also, the age of over 36 years has significant associations with increased PPD
and loss of CAL in pregnant mothers (Machuca et al., 1999). By limiting the age range, the
potential influence of these variables on the periodontal condition of the present pregnant
study population was avoided, thus increasing the strength of the results.

In the present study, any systemic disease, antimicrobial or anti-inflammatory drug use, which
may have effects on periodontal findings, were excluded. In previous studies, pregnant women
with diabetes were found to have a poorer periodontal condition in comparison with healthy
pregnant women (Guthmiller ef al., 2001; Ruiz et al., 2011). Smoking during pregnancy, on
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the other hand, was found to have no significant effect on VPI, BOP, PPD, or composition of
subgingival plaque (Buduneli et al., 2005). However, it is generally accepted that smoking
affects the periodontium not only directly but also via microbial changes (Shchipkova et al.,
2010) and altered host response (Mooney et al., 2001; Heikkinen et al., 2010). Therefore,
smokers were excluded from the pregnant group in the current study. During pregnancy, the
incidence or progression of periodontal inflammation has been shown to be more severe in
periodontitis subjects than in periodontally healthy or gingivitis subjects (Moss et al., 2005).
Therefore, also subjects with current or previous diagnosis of periodontitis were excluded
from the present study.

Table 6. Demographic characteristics of the women in the pregnant (Pr) and non-pregnant (N-Pr)
groups (I)

Pr group; n=30 N-Pr group; n=24 p
Age (years)
mean = STD (min-max) 29.3 + 2.8 (24-35) 30.4 £ 3.1 (25-36) 0.187
Marital status n e n e
Single / divorced 2 7 2 8 0.227
Cohabitant 11 36 14 58
Married 17 56 8 33
Education level
Basic 0 0 4 17 0.053
Secondary 18 60 10 42
Higher 12 40 10 42
Employment status
Working full time 23 7 13 54 0.480
Working part time 1 S 2 8
Student 2 7 2 8
On child care leave 3 10 6 25
Unemployed 1 3 1 4
Number of teeth
mean + STD (min-max) 28.5 + 1.4 (25-32) 28.6 + 1.8 (24-32) 0.911

In study L, clinical parameters were measured from six sites per tooth, including third molars.
Interesting insights into the role of third molars in the pathogenesis of periodontal disease
have been provided by Moss et al. (2007, 2008). According to their findings, third molars can
act as a reservoir for periodontal pathogens, hence, being the periodontal disease initiating
region in the oral cavity. Despite this knowledge, third molars are often excluded from the
clinical measurements, which may underestimate the clinical condition. Furthermore, in
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studies IT and IV, the microbial and enzyme collection was always performed from the
same site in the same teeth. This is different from some studies, where subgingival plaque
samples were collected from the most inflamed sites during each follow-up visit (Muramatsu
and Takaesu, 1994; Carrillo-de-Albornoz et al., 2010) or where subgingival plaque and GCF
samples were collected from different teeth (Figuero et al., 2010; Carrillo-de-Albornoz et
al., 2010; 2012). However, such study designs would not allow the researcher to follow the
effect of pregnancy on a specific site and, even less, to compare the level of host response
with that of the microbial challenge. Therefore, the selection of the same site for collecting
the samples at all follow-up visits strengthened the present study series.

Before the first visit (Pr Ex I or N-Pr Ex 1), initial scaling and polishing procedures were
provided at the recruitment examination in 18 of the 30 participants in the Pr group and in
13 of the 24 participants in the N-Pr group, who had slight supragingival calculus formation
mainly on lingual sites of lower incisors, together with mild marginal gingival inflammation.
Furthermore, all participants received initial oral hygiene instructions. The women were
instructed to use only a dentifrice including standard fluoride formulation without any
antimicrobial compound, thus avoiding potential errors in the results. According to the
previous cross-sectional study, women who used a triclosan-containing dentifrice during
pregnancy had a significant reduction in gingivitis development (Kraivaphan et al., 2006).
In a recent cohort study series, including clinical, microbiological, and immunological
evaluations (Figuero et al., 2010; Carrillo-de-Albornoz et al., 2010; 2012), the pregnant and
non-pregnant women were instructed to use a dentifrice with 0.30% triclosan, an antimicrobial
compound, and 2% copolymer, which might have interfered with the study results. Based
on a systematic review (Davies et al., 2004) and a meta-analysis (Hioe and van der Weijden,
2005), self-performed tooth brushing with a triclosan/copolymer-containing toothpaste
improves the daily plaque control and reduces the gingivitis formation significantly. One
reason for this is the diminished quantity and improved quality of subgingival microbiota
after regular use of triclosan (Rosling et al., 1997). Additionally, a rather low concentration
of triclosan can create an anti-inflammatory activity by inhibiting the IL-1B-induced PGE,
production in gingival fibroblasts (Gaffar ez al., 1995). Recently, triclosan has been found
to suppress several other acute and chronic inflammatory mediators (Barros et al., 2010).
On the other hand, a recent animal study demonstrated that triclosan enhances the overall
estrogen effect on the body (Stoker et al., 2010). This, in turn, can, at least theoretically,
affect the clinical outcome.

5.2 PERIODONTAL STATUS IN PREGNANT AND NON-PREGNANT WOMEN
1, 1IV)

Clinical observations in studies I and IV verify and further extend previous observations
that periodontal tissues are more susceptible to inflammation during pregnancy. The subject-
based changes in VPI, BOP and PPD scores of study I are presented in Figure 10. The
highest scores of gingival bleeding (p<0.01) and pocket formation (»p<0.001) occurred
during the second trimester, which is in line with previous studies (O’Neil, 1979a; Kornman
and Loesche, 1980; Muramatsu and Takaesu, 1994). Between the third trimester and 4-6
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weeks after delivery, BOP and PPD scores decreased significantly (»<0.001). By the end of
lactation, the scores reached the same levels as seen in non-pregnant women. VPI scores,
on the other hand, decreased visit by visit during pregnancy and post-partum. A similar
phenomenon occurring in two studies where study and control subjects received scaling
and oral hygiene instructions between the visits, was explained by extended oral hygiene
procedures (Hugoson, 1971; O’Neil, 1979a). However, this is not the explanatory reason
in study I. In other studies, where the plaque levels were either steady or increased during
pregnancy, gingival bleeding scores continued to increase after the second trimester, and
reached their highest peak in the third trimester (Silness and Loe, 1964; Cohen ef al., 1969;
Hugoson, 1971; Tilakaratne et al., 2000; Figuero et al., 2010).

When 125 gingivitis patients were clinically examined, gingival bleeding was recorded by
using quantitative and binary indices, i.e. GI and BOP measurements, respectively (Chaves
et al., 1993). The highest correlation between these two parameters was found when PD
was >2 mm. On the other hand, in the case of PD <2 mm, the greatest percentage (78%) of
agreement was found when both parameters were absent. In studies I and IV, dental plaque
and gingival bleeding were evaluated with binary indices (absence/presence). Although the
use of quantitative indices has been preferred in most previous studies, their advantage is
questionable in a follow-up study where clinical changes in pregnancy-related gingivitis
are evaluated. It has been shown that the use of quantification indices may have little or no
clinical benefit, while binary indices produce adequate data in monitoring the prevalence of
clinical variables (Galgut, 1999). The validity of this statement was recently confirmed in a
study by Figuero et al., (2010), where the clinical status of pregnant women was followed
during pregnancy and post-partum. According to their results, mean gingival index values in
the second trimester were 1.13 and post-partum 0.98, i.e. a decrease of 13%. The percentage
of sites with positive bleeding (GI values of 1, 2, or 3 according to Loe and Sillness (1963))
was 58% in the second trimester and 50% post-partum, with a decrease of 13%. Therefore,
the use of binary indices was accepted as a valid method for measuring gingival inflammation
and possible disease progression also in the present study protocol.

Previous longitudinal follow-up studies have demonstrated that subjects with periodontitis
and a mean BOP value of >20% have an increased incidence of periodontal disease
progression (Lang et al., 1986; Joss et al., 1994), whereas the absence of gingival bleeding
indicates periodontal stability (Lang et al., 1990). Furthermore, Schétzle and co-workers
(2003) showed that a gingival site with repeatedly measured bleeding has an increased risk
of proceeding to periodontitis. Based on these findings, study I included the aim to observe
whether increased gingival bleeding during pregnancy is able to cause loss of attachment. The
results demonstrated a high degree and severity of gingivitis, especially during the second
and third trimesters, confirming the results of a previous cross-sectional study (Samant et
al., 1976). In study I, the increased mean BOP values (=30%) and the simultaneous increase
in number of sites with PPD were associated during pregnancy. Furthermore, there was
an association between decreased mean BOP values (<20%) and diminished prevalence
of deepened periodontal pockets post-partum. These results support the previous findings
provided by Lang and Joss and their colleagues (1986; 1994), with the exception of a
correlation between BOP and CAL, which was not observed in study 1.
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Figure 10. Percentages of visible plaque index (VPI) and bleeding on probing (BOP), and the number
of gingival pockets with a probing pocket depth (PPD) >4 mm in pregnant women at five visits (Pr Ex
I-I1I during the 1%, 2™, and 3" trimesters of pregnancy, respectively, Pr Ex IV after delivery, and Pr Ex
V after lactation ended) and in non-pregnant women (N-Pr Ex). The results are given in medians with
95% Confidence intervals. * p< 0.05, ** p< 0.01, *** p<0.001
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In the Pr group, >4 mm PPDs were mostly detected in interproximal sites and in posterior
regions, which is in line with previous observations (Loe and Silness, 1963; Cohenet al., 1971;
Moss et al., 2007). The finding supports the proposal that the periodontal pocket formation
during pregnancy is not caused by periodontal tissue breakdown, but occurs mainly due to
gingival swelling. This is further confirmed by the unchanged CALs in pregnant women,
being comparable with those in periodontally healthy non-pregnant women. Our findings are
in line with previous studies where the pocket formation occurred as an outcome of increased
gingival odema (L6e and Silness, 1963; Miyazaki et al., 1991; Buduneli et al., 2010) and
CALs remained unchanged during pregnancy (Raber-Durlacher et al., 1994: Tilakaratne et
al., 2000, Taani et al., 2003). Overall, not a single site in the Pr group showed characteristics
to progress or transform to periodontitis during the follow-up. Therefore, according to the
current results, prolonged gingival bleeding itself during pregnancy is not a risk factor for
loss of attachment. However, to get more precise data, site-specific analyses are warranted.
At present, there is only one study in the literature reporting the relation between deepened
pockets with BOP at baseline and increased periodontal disease progression at a site-specific
level (Moss et al., 2005). However, these findings need to be confirmed in other follow-up
studies at site-specific level.

Subjects with type 1 or gestational diabetes during pregnancy have a significantly higher
prevalence of periodontal inflammation and destruction measured as significantly higher
BOP, PD, attachment loss, and tooth mobility scores in comparison to non-diabetic pregnant
women (Guthmiller ez al., 2001; Ruiz et al., 2011). Therefore, these conditions need to be
evaluated separately.

5.2.1 Salivary estradiol levels and clinical findings (additional data)

A summary of the data collected from saliva is presented in Table 7. Paraffin-stimulated
salivary flow rates remained stable during the follow-up, which is in line with a previous
report by Laine ef al. (1988), and the flow rate did not differ between pregnant and non-
pregnant women. Salivary estradiol concentrations were measured during each visit. Those
hormone levels increased significantly visit by visit throughout pregnancy and showed an
immediate decrease (p<0.001) after delivery, reaching the same level as seen in non-pregnant
women.

The accociation between VPI and salivary estradiol with BOP during the follow-up is
presented in Figure 11. Despite profound alterations in gingival bleeding frequencies
unrelated to overall amounts of visible plaque during pregnancy, VPI and BOP scores
significantly correlated at all visits, whereas those of salivary estradiol were not related
to BOP at any of the visits. Similar observations have been reported previously (O’Neil,
1979b; Muramatsu and Takaesu, 1984; Figuero et al., 2010). This finding may indicate an
exaggerated inflammatory response by the host against relatively low amounts of plaque.
In the N-Pr group, there was a high correlation between VPI and BOP scores, indicating a
steady—state plaque environment.
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Figure 11. Correlations between visible plaque index (VPI) and salivary estradiol levels with bleeding
on probing (BOP) scores in pregnant women at five visits (Pr Ex I-III during the 1%, 2™, and 3%
trimesters of pregnancy, respectively, Pr Ex IV after delivery, and Pr Ex V after lactation ended) and in
non-pregnant women (N-Pr Ex). * p<0.05, ** p<0.01, *** p<0.001

5.3 MICROBIAL FINDINGS DURING PREGNANCY AND POST-PARTUM (II)

Gingival bleeding occurs as a result of the exposure to etiological periodontal bacteria (i.e.
A. actinomycetemcomitans, T. denticola, T. forsythia, and P. gingivalis) in subgingival
biofilms already in shallow gingival pockets with minimal attachment loss (Demmer ef al.,
2008). On the other hand, certain bacterial species connected with periodontal health (such
as Actinomyces naeslundii and Veillonella parvula) reveal an opposite association with
BOP% and increased PD.

One aim of the present study was to determine the salivary and subgingival plaque levels
of pigmented Prevotella species with culture-based methods. Initially, the culture-based
method, using non-selective and selective media, was chosen, because bacterial cultures
enable the selection and isolation of previously unknown species or strains. Additionally, the
use of different isolates or strains for further studies is then possible. However, the chosen
method also includes some limitations or weaknesses; it is vulnerable to methodological
errors, it is time-consuming, and requires an extensive variety of materials. Although all
pigmented Prevotella-like colonies were isolated, only P. intermedia and P. nigrescens were
included in the current study (II), while other strains were stored until further analyses.

Altogether 2628 isolates were preliminarily identified as P. intermedia sensu lato, and then
further analysed and separated by a 16S rDNA-based PCR method. In the Pr group, 95.3%
of the isolates proved to be P. nigrescens and 2.5% P. intermedia. In the N-Pr group, the
corresponding findings were 94.2% and 5.5%. A small proportion of the isolates (<3%)
remained unidentified. No explanation for this was found, since the system was successful in
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identifying all reference strains of P. intermedia and P. nigrescens. Further studies are needed
to characterise those isolates more precisely, keeping in mind the possibility of finding novel
Prevotella species close to P. intermedia and P. nigrescens, as happened in a previous study
describing Prevotella pallens (Konoénen et al., 1998).

5.3.1 Prevotella intermedia sensu lato in subgingival plaque (II)

Kornman and Loesche (1980) found the highest anaerobe/aerobe ratio, P. intermedia (here
“P. intermedia sensu lato”) proportion in subgingival plaque, and gingival bleeding scores
during the second trimester (at 21-24 weeks of pregnancy). Later, they demonstrated that “P.
intermedia sensu lato” and P. melaninogenica (formerly Bacteroides melaninogenicus) are
able to substitute estradiol and progesterone as their essential growth factor instead of vitamin
K (Kornman and Loesche, 1982). However, the effect of female sex steroid hormones on
bacterial growth is dose-dependent; the growth is stimulated within a very small and narrow
concentration range and inhibited at higher concentrations. This supports the observation on
the decreased proportions of P, intermedia sensu lato towards the end of the second trimester
(at 25-28 wks of pregnancy) (Kornman and Loesche, 1980).

In study II, the second visit was scheduled at 25-27 weeks of pregnancy, when the highest peak
of gingival bleeding was observed. In addition, the mean subgingival levels and proportions
of P. intermedia sensu lato increased two-fold between the first and second trimesters. These
increases, however, were not statistically significant. A possible reason for this finding could
be, that the second visit was set up 3-4 weeks later than in the study of Kornman and Loesche
(1980). According to Adriaens et al. (2009), plaque levels of P. intermedia and P. nigrescens
were at their highest level in the end of the first trimester, and then decreased visit by visit
during the follow-up. In their study, the second visit with a sample collection was performed
at 28 weeks of pregnancy, at a time which can be affected by increased estrogen levels.
However, during the second trimester, but not in the end of pregnancy or after delivery, P
nigrescens significantly increased (p<0.001) at sites presenting BOP.

In study II, a second increase (p<0.05) in the mean growth of P, intermedia sensu lato was
found 4-6 weeks after delivery, in accordance with the report of Muramatsu and Takaesu
(1994), where this finding was explained by advanced inflammation in periodontal tissues
with prolonged healing. This explanation, however, is unlikely, since in study I, gingival
inflammation reached its highest peak during the second trimester, after which all clinical
parameters decreased visit by visit. As an alternative explanation, hormones may play a role
in this specific phenomenon. In fact, Ojanotko-Harri ef al. (1985) demonstrated that the
tissue metabolism of progesterone varies depending on the clinical status of the gingiva. In
comparison to a periodontally healthy condition, the progesterone metabolism is up to three-
fold higher in inflamed gingiva, which leads to a very low amount of active hormone. On the
contrary, during pregnancy, the progesterone metabolism is decreased, which consequently
increases the amount of active hormone in the tissues (Ojanotko-Harri et al., 1991). This
phenomenon leads to speculation about whether it also potentiates the hormonal effects in
tissues during pregnancy. Moreover, although the hormonal concentrations in serum decrease
immediately after the delivery, the amount of active hormone may remain longer in tissues.
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This could explain the increase of P. intermedia sensu lato 4-6 weeks after delivery. Further
studies are needed to prove this theory.

5.3.2 Prevotella intermedia sensu lato in saliva (IT)

In study II, the mean growth and proportion of P. intermedia sensu lato remained rather
stable in saliva during pregnancy (Table 7). Four-six weeks after delivery, the mean colony
forming unit (CFU)/ml increased significantly, following the same trend seen in subgingival
plaque. No such changes in subgingival or salivary levels were detected in non-pregnant
women. Furthermore, the occurrence of salivary P. intermedia sensu lato was slightly lower
than in subgingival plaque. This finding is in line with previous studies by Kdnonen et al.
(1993; 1994). All women harboured P. nigrescens, either in saliva or in plaque, whereas the
salivary carriage rate of P. intermedia varied between 17% and 21% in pregnant and non-
pregnant women, respectively. Their carriage rates are similar to those studied previously in
the Finnish population (Kdnonen et al., 2000; 2007)

Yokoyama et al. (2008) analysed saliva samples and detected certain periodontal pathogens
by the PCR method. They found only an increase in the levels of C. rectus. They could not
find any differences in P. intermedia levels during pregnancy or between pregnant and non-
pregnant women. The reason for the contradictory results might be that they did not analyse
P, nigrescens levels at all. Secondly, their cross-sectional study method did not allow them
to take the stage of pregnancy into account, as they collected one sample per subject within
various gestational ages, a range of 15 to 37 weeks. Korman and Loesche (1982) proved that
estrogen improves the growth to some point, but at the end, as seen during the third trimester
of pregnancy, high levels of estrogens suppress the growth of “P. intermedia sensu lato”.

54 ALTERED HOST RESPONSE DURING PREGNANCY AND POST-PARTUM
(IIL, IV, ADDITIONAL DATA)

The present study aimed to evaluate the neutrophilic enzymes in saliva (Study III) and
GCF (Study IV) during pregnancy and post-partum. The periodontium, including gingival
epithelial cells (Nebel et al., 2011), gingival fibroblasts (Kawahara and Shimazu, 2003),
and periodontal ligament cells (Jonsson, 2007; Mamalis et al., 2011), as well as PMN
and mononuclear lymphocytes (Szekeres-Bartho et al., 2001; Stygar et al., 2006) harbour
estrogen and/or progesterone receptors. Various effects of estrogen on neutrophils, such
as impaired functions (Bjorksten et al., 1978; Crouch et al., 1995), suppressed leukocyte
production in the bone marrow (Josefsson et al., 1992), and diminished distribution of PMN
cells in peripheral blood, occur during pregnancy. Therefore, defining the contribution of
neutrophilic proteinases in the pathogenesis of pregnancy gingivitis provides awareness of
underlying mechanisms in this special condition.
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5.4.1 Salivary proteinase levels (I1I)

The salivary findings are summarised in Table 7. Elastase levels decreased during pregnancy
and post-partum with a similar trend as VPI scores; however, this decrease was not
statistically significant. MMP-8 and MPO levels, in addition to the MMP-8/TIMP-1 ratio,
increased significantly after delivery, whereas TIMP-1 levels remained significantly lower
during pregnancy and after delivery in comparison with those observed in non-pregnant
women. After lactation ended, all salivary enzymes, except MMP-9, returned to the same
level as seen in the N-Pr group.

These results indicated that, despite increased BOP and PPD scores in the second trimester,
a significant reduction of MMPs, MPO, and TIMP-1 expression occurs in periodontal tissues
during pregnancy. Their reduced expression, in comparison with that of the non-pregnant
controls, is further reflected in saliva. As the salivary flow rate remained stable during the
follow-up, this cannot explain the reduction of proteinase and its inhibitor levels. More likely,
this is, at least partly, due to the impaired neutrophil function during pregnancy (Bjoérksten
et al., 1978; Crouch et al., 1995). In fact, reduced microbial killing from the end of the first
trimester (El-Maallem and Fletcher, 1980) and chemotaxis and phagocytosis by neutrophils
from the beginning of the second trimester (Persellin and Thoi, 1979; Krause et al., 1987)
seem to last till the end of pregnancy and then to return to the same level as seen in non-
pregnant women within six weeks (El-Maallem and Fletcher, 1980; Crouch et al., 1995) up
to three months after delivery (Krause et al., 1987). In study III, especially MMP-8 and
MPO levels were reduced during pregnancy, and they reached the highest levels 4-6 weeks
after delivery.

Since blood samples were not collected, it was not possible to confirm the suggested
neutrophil impairment in the present study. Thus, the real origin of these enzymes present
in saliva is still unclear, as other cell types besides neutrophils are able to produce the same
proteinases. According to previous studies, however, PMN cells are the main source of
deriving and releasing these enzymes in the oral cavity and saliva (Gangbar et al., 1990;
Ingman et al., 1993; 1994; Uitto et al., 1990; 1996).

Furthermore, predominant MMPs in the pathogenesis of periodontitis are neutrophil-derived
MMP-8 (collagenase-2) and MMP-9 (gelatinase B), fibroblastic MMP-2 (gelatinase A)
and epithelial cell or bone-cell-derived MMP-13 (collagenase-3) (Borregaard et al., 1993).
In addition to MMPs, neutrophils secrete two other antibacterial enzymes, PMN elastase
(Belaaouaj, 2002) and MPO (Odeberg and Olsson, 1976). PMN elastase and MPO show
interesting interrelationships with each other and with neutrophilic MMPs; elastase activates
pro-MMP-2 (Shamamian et al., 2001) and potentiates the antimicrobial activity of MPO
(Odeberg and Olsson, 1976), while MPO oxidatively activates MMP-8 (Sorsa et al.,
2006). Among other MMPs, collagenases (MMP-1, MMP-8, and MMP-13) degrade type
I collagen, the main collagen type in the periodontium, in fibrillar form, whereas MMP-2
and -9 contribute to the degradation of denatured collagen, and, in addition, MMP-2 digests
fibrillar collagen.
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During pregnancy, MMPs play an indisputable role in the regulation of the decidua, fetal
membranes, and amniotic fluid (Weiss et al., 2007). MMP-9 is responsible for the gelatinolytic
activity in membranes during normal and pathological labour and separation of the placenta
from the uterine wall at the end of labour, and thus is barely detectable until delivery (Demir-
Weusten et al., 2007), while MMP-8 is involved in the cervical ripening process. The highest
levels are found in cervical biopsies post-partum (Sennstrom et al., 2003). Its increase in
amniotic fluid reflects the presence of intra-amniotic infection, which may result in preterm
contractions and preterm birth (Angus et al., 2001). Therefore, the suppression of MMPs
in periodontal tissues during pregnancy can be seen as a protective mechanism, which may
inhibit preterm deliveries.

5.4.2 Neutrophilic enzyme levels in GCF (IV)

In study IV, all clinical measurements and GCF samples were collected from the same sites,
the mesio-buccal site of the first (or if missing, second) molars. These site-specific clinical
data responded similarly to the subject-based clinical observations in study I. As a brief
summary, the number and proportions of sites with BOP and PPD increased significantly
(»<0.001) during the second trimester, while VPI scores decreased. From mid-pregnancy
onwards, BOP and PPD scores decreased significantly visit by visit, reaching the same level
as observed in the N-Pr group after lactation. PMN elastase levels followed the same trend as
VPI scores, i.e. they decreased throughout pregnancy. MPO and MMP-8 levels were steady
during pregnancy, regardless of the increase in BOP scores in the second trimester. Both
neutrophilic enzymes increased after delivery, but decreased until the end of lactation. The
GCF-derived findings are summarised in Table 8.

Neutrophils play a major role in the innate defence against bacterial challenge, and
neutrophil-derived antibacterial peptide and enzyme levels increase with the initiation of
infection and inflammation (Uitto et al., 2003). Therefore, several markers of neutrophilic
activity, including neutrohilic elastase, MPO, and MMP-8, have been used as reliable
markers of periodontal disease (Soder et al., 2002; Loos and Tjoa, 2005). The levels of
these enzymes and their inhibitors in GCF reflect the periodontal disease status (Eley and
Cox, 1996; Tervahartiala et al., 2000; Sorsa et al., 2004; 2006). In fact, PMN elastase
is responsible for degraded host extracellular matrix components and initial tissue
breakdown not only at the beginning of the periodontal destruction (Ujiie et al., 2007), but
also throughout the disease progression PMN elastase levels in GCF rise (Armitage et al.,
1994; Eley and Cox, 1996). Neutrophilic elastase and MPO are broad-range antibacterial
agents and, in addition, elastase can degrade the extracellular matrix and connective tissue
components together with MMP-8, while MMP-8 is activated by MPO (Uitto et al., 2003).
Neutrophilic elastase and several MMPs play an important role in delivery by regulating
the membrane rupture, and their excessive increase during pregnancy may initiate a preterm
birth (Weiss et al., 2007). To minimize the risk of preterm births, the immune response is
suppressed until delivery (Weinberg, 1987). According to this, it can be suggested, that
the low MPO, MMP-8, and elastase levels during pregnancy in study IV were not only
related to local conditions, but were also the outcome of a suppressed immune condition.
This is likely, since their levels increased after delivery, as has been shown previously (El-



Results and Discussion 49

Maallem and Fletcher, 1980; Cunze ef al., 1998; Weiss et al., 2007). However, it should
be kept in mind that the suppression of these neutrophilic markers does not necessarily
occur at a transcriptional level; MPO and elastase, which are localised in granules of
neutrophils in the non-pregnant state, accumulate at the neutrohilic membrane during
pregnancy (Kindzelskii et al., 2006). This exclusive and yet unexplained phenomenon
leads to diminished neutrophilic phagocytosis. Therefore, it is important to understand that
pregnancy is a unique condition and the immune response acts very differently from that
in the non-pregnant condition.

As has been shown in recent studies, pregnancy gingivitis does not increase the cytokine
and prostaglandin secretion (Bieri et al., 2012 Carrillo-de-Albornoz et al., 2012), which
activates the neutrophils. This might be another explanation of why the reduced neutrophil
activity does not result in periodontal soft tissue or bone destruction. During the follow-up,
no changes in CAL or bone damage were observed. Bostanci et al. (2007) found alterations
in the RANKL/OPG ratio in GCF between healthy subjects and patients with gingivitis
or periodontitis, and a positive correlation between the RANKL/OPG ratio to PPD and
CAL. However, estrogen can modulate the tissue maintenance and repair by increasing the
OPG expression in periodontal ligament cells (Liang et al., 2008). Furthermore, estrogen
negatively regulates the secretions of several cytokines, such as IL-1, -6, and TNF-a, which
are related to prolonged survival of the osteoclasts. This may explain why bone is supported
during pregnancy.
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6. SUMMARY AND CONCLUSIONS

Pregnancy gingivitis is an exacerbated tissue response against a relatively limited amount
of plaque. Elevated concentrations of female sex hormones during pregnancy modify the
quality of the microbial dental biofilm, but also mediate the level of the host response by
regulating the participation of immune-inflammatory cells and their destructive enzymes to
the gingival disease pathogenesis. The current study, using a prospective longitudinal follow-
up design, evaluated the clinical, microbial, and enzymatic changes at periodontal sites and
in saliva during pregnancy and post-partum, aiming to elucidate interactions between the
pregnancy status, microbial challenge, and host response.

The main findings are summarised below and in Figure 12:
Pregnancy-related changes in clinical parameters (I)

. Despite decreasing plaque scores after the first trimester, BOP% and PD increased
significantly during the 2nd trimester

. No changes in CAL during the follow-up

. After lactation, women in the Pr group had similar VPI%, BOP%, and PD scores as
women in the N-Pr group

Microbial changes during pregnancy (II)

. Increased levels of P. nigrescens were associated with pregnancy gingivitis
. P, intermedia sensu stricto was rarely found in these women without periodontitis

Host response during pregnancy (III, I'V, unpublished data)

. No changes in salivary flow rates during pregnancy

. Host enzymes and their inhibitors were secreted into saliva and GCF at low levels
during pregnancy

. After lactation, enzyme levels returned to the same level as seen in non-pregnant

women
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Figure 12. Summary of the key findings from studies I-IV. (Modified from Page and Kornman, 1997).

6.1 CONCLUSIONS

It is notable that the level of periodontal inflammation and presence of pathogenic biofilm
before the initiation of pregnancy, smoking, older age, and diabetes may influence the
severity of gingival tissue response during pregnancy. Therefore, the conclusions are based
on the findings in generally healthy, non-smoking women without previous diagnosis of
periodontitis. The current study confirms that, in the presence of adequate oral hygiene,
a low level of bacteria can initiate gingivitis within elevated female sex hormone
concentrations during pregnancy. Furthermore, the enhanced susceptibility to aggravated
gingival inflammation especially during the second trimester is due to the increased levels
of P. nigrescens in subgingival plaque and decreased levels of neutrophilic enzymes in GCF
and in saliva. Nevertheless, after lactation, clinical, microbiological and host response states
return to those seen in non-pregnant controls. Thus, gingival inflammation is reversible and
does not proceed to periodontal breakdown.

6.2 FUTURE ASPECTS

This study series revealed new aspects of the contribution of P. intermedia-group organisms and
suppressed host response in pregnancy-related changes in the periodontium. In relatively young,
generally healthy, and non-smoking women without a previous diagnosis of periodontitis,
the pregnancy itself does not predispose to periodontitis. This leads to speculations about other
defence systems which replace the suppressed neutrophilic response. Additional mechanisms may
be involved in the protection of bone from excessive degradation during pregnancy. Therefore,
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further studies are needed to define factors related to the innate defence mechanism, including
epithelial defensins and bone degradation inhibition, e.g. inhibition of RANKL formation by sex
steroid hormones. Furthermore, clinical studies with multi-centre study designs and site-specific
data analysis will add power to these analyses.
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