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2. ABBREVIATIONS 
 
A.a. Actinobacillus actinomycetemcomitans 

AIDS acquired immune deficiency syndrome 

AL attachment loss 

ANUG acute necrotizing ulcerative gingivitis 

AP adult periodontitis 

AP-1, -2 activation protein-1, -2 

APMA 4-aminophenylmercuric acetate 

ARC AIDS-related complex 

ASX asymptomatic phase 

AZT zidovudine 

B.f. Bacteroides forsythus [nowadays Tannerella forsythensis (T.f.)] 

βG lysosomal enzyme β-glucuronidase 

BL basal lamina 

BM basement membrane 

BOP bleeding on probing  

CAL clinical attachment loss 

CEJ cemento-enamel junction  

CFU/ml colony forming unit/ml 

C.r. Campylobacter rectus 

CD T cell  receptor 

CD4+ T helper lymphocyte  

CTR control 

d4T stavudine 

ddI  didanosine  

ddC  zalcitabine 

DNA deoxyribonucleicacid 

DTT dithiothreitol  

EBL external basal lamina 

ECM extracellular matrix 

EDTA ethylenediamine tetra-acetic acid 

EEC the European Economic Community 

ELISA enzyme-linked immunosorbent assay 

EOP early onset periodontitis 

GCF gingival crevicular fluid 

gp glycoprotein 

HAART         highly active anti-retroviral therapy  

HIV human immunodeficiency virus, HIV-1 

HIV-G human immunodeficiency virus associated gingivitis 

HIV-P human immunodeficiency virus associated periodontitis 

hLPO human milk lactoperoxidase 

hMPO  human myeloperoxidase 

hSPO human salivary peroxidase 

IBL internal basal lamina 
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IDV indinavir 

Ig immunoglobulin 

IL interleukin  

LAS lymphadenopathy syndrome 

LJP localized juvenile periodontitis 

LPS lipopolysaccharide 

M.m. Micromonas micros 

MMP matrix metalloproteinase 

MPO myeloperoxidase 

MT-MMP membrane-type MMP 

mRNA  messenger ribonucleicacid 

mw molecular weight 

NNRTI non-nucleoside reverse transcriptase inhibitors 

NRTI nucleoside reverse transcriptase inhibitors 

NS necrotizing stomatitis 

NUG/-P necrotizing ulcerative gingivitis/-periodontitis 

PBS 10mM phosphate buffered saline, pH 7.4 

PCR polymerase chain reaction 

PDI periodontal disease index 

PEA3 pyelomavirus enhancer A-binding protein-3 

P.g. Porphyromonas gingivalis  

PGE2 prostaglandin E2

P.i. Prevotella intermedia  

PI protease inhibitor  

P.n. Prevotella nigrescens 

P.m.  Peptostreptococcus micros 

PMN polymorphonuclear leukocyte 

PPD pocket probing depth 

PRP proline-rich protein 

RC retentive calculus  

SC secretory component 

SDS-PAGE            sodium dodecyl sulphate-polyacrylamide gel electrophoresis 

sIgA secretory immunoglobulin A 

SQV saquinavir 

T cell T lymphocyte [consist of T helper (CD4+), T killer, and T suppressor (CD8+) cells] 

T.f. Tannerella forsythensis previously Bacteroides forsythus ( B.f.) 

TGF−β tumor necrosis factor- β 

TIMP tissue inhibitor of matrix metalloproteinase 

TNF-α, −β tumor necrosis factor-α, −β 

VPI visible plaque index 

WHO World Health Organisation 

W.r. Wollinella recta 

3TC  lamivudine  
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3. ABSTRACT 

The main targets of human immunodeficiency virus (HIV) are CD4 receptors of CD4+ lymphocytes 

and many other cells such as monocytes/macrophages, megakaryocytes, peripheral blood dendritic 

cells, follicular dendritic cells (DC), epidermal Langerhans cells, and astrocytes. Infection and 

killing of CD4+ lymphocytes or false reaction of the body to HIV infection and the spontaneous 

apoptosis of CD4+ lymphocytes decrease CD4+ lymphocyte counts leading to immunosuppression, 

further disease progression, and appearance of opportunistic infections and malignancies. Oral 

manifestations are considered to be among the first signs of HIV infection. Enhanced degradation of 

extracellular matrix (ECM) and basement membrane (BM) components in oral diseases including 

periodontitis is caused by Zn++-dependent enzymes called matrix metalloproteinases (MMPs). 

   The levels and degrees of activation of MMP-1, -2, -3, -7, -8, -9, -25, -26, tissue inhibitors of 

MMPs (TIMP)-1 and -2, and myeloperoxidase (MPO) and collagenolytic/gelatinolytic activities, 

and also Ig A, -G, and -M, total protein, and albumin levels in a two-year follow-up were studied 

from salivary samples. The expression of MMP-7, -8, -9, -25, and -26 immunoreactivities in 

gingival tissue specimens were studied. Healthy HIV-negative subjects served as controls.  

   All studied clinical periodontal parameters and microbiological evaluation of the 

periodontopathogens showed that periodontal health of the HIV-positive patients was moderately 

decreased in comparison to the healthy controls. The levels of Candida in the periodontal pockets 

and salivary MPO increased with the severity of HIV infection. Immunoreactivities and levels of 

MMPs and TIMPs, and MMP activities (collagenase, gelatinase) were enhanced in the HIV-positive 

patient salivary samples relative to the healthy controls regardless of the phase of HIV infection. 

However, these parameters did not reflect periodontal status in a similar way as in the generally 

healthy periodontitis patients. 

   Salivary total protein, albumin, IgA, -G, and -M levels were significantly higher in all phases of 

HIV infection compared to the controls, and salivary total protein, IgG and IgM levels remained 

higher after two years follow-up, partly correlating with the disease progression and which may 

reflect the leakage of serum components into the mouth and thus a decreased mucosal barrier.  

   Salivary analyses of MMPs and TIMPs with immunohistochemical analyses showed that HIV 

infection could predispose to periodontal destruction when compared with healthy controls or the 

body’s defence reactions associated with HIV infection may have been reflected or mediated by 

MMPs.  

 

 

 10



4. INTRODUCTION 

The first signs of HIV infection are associated with many opportunistic infections in the oral cavity 

such as candidiasis or hairy leukoplakia (Greenspan et al.1990), which can be used as predictors of 

disease progression. Oral fluids (saliva, gingival crevicular fluid) can be used as a source of markers 

of the oral and/or immune system and related diseases. HIV-positive patients often suffer from 

hyposalivation and salivary gland diseases (Schiødt 1992). Salivary immunoglobulins reflecting 

mucosal immunity are widely studied among HIV-positive patients, but comparison of the results is 

difficult due to different study protocols regarding saliva collection methods and selection of 

patients.  

   MMPs are a family of Zn++-dependent enzymes degrading and remodeling ECM and BM 

constituents in both physiological and pathological situations such as apoptosis, organ 

morphogenesis, nerve growth, rheumatoid arthritis, tumor invasion, and periodontitis (Birkedal-

Hansen 1993, Nagase & Woessner 1999). Certain MMPs, especially MMP-8, have anti-

inflammatory protective or defensive characteristics against inflammation (Balbin et al. 2003, 

Owen et al. 2004, Sorsa et al. 2004a, Gueders et al. 2005). MMPs are essential in periodontitis and 

the expression and levels of many MMPs, such as MMP-1, -2, -8, -9, and -13 (gelatinases and 

collagenases), have been found to be increased in saliva, gingival crevicular fluid (GCF) and 

gingival tissues of periodontitis patients (Sorsa et al. 1988, Ingman et al.1994, Ejeil et al. 2003, 

Uitto et al. 2003, Sorsa et al. 2004a, b). HIV has been found to increase T cell invasiveness and 

MMP-9 synthesis (Weeks et al. 1993), and HIV-positive patient salivary samples, regardless of the 

periodontal status, have been found to contain increased gelatinase activities and active forms of 

MMP-8 and MMP-9 eventually converted by Treponema denticola or other bacterial proteases 

(Sorsa et al. 1992, Salo et al. 1994). Conflicting reports exist concerning HIV infection and the 

periodontal health of these patients (Robinson et al. 2000, Cappuyns et al. 2005). The increased 

periodontal destruction has been considered to be due, at least partly, to atypical microbial 

infections of the periodontium and to altered host response (Ryder 2002). 

   In the present investigation we studied the presence, levels, and molecular forms of different 

MMPs in saliva and gingival tissue of HIV-positive patients in relation to samples of HIV-negative 

healthy controls. Comparative clinical, microbiological, and radiographic findings of periodontal 

health were also studied. General health and medical history were recorded. In addition, in a two 

year follow-up study of the HIV-positive patients we compared salivary immunoglobulins, total 

proteins and albumin to those of healthy controls. 
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5. REVIEW OF THE LITERATURE 

5.1. Healthy periodontium 

Periodontium consists of gingiva, periodontal ligament, root cement, and alveolar bone. These 

function as a supporting structure around the teeth. The periodontium (periodontal ligament) forms 

a defence barrier against mastication forces and participates in the defence reaction against oral 

microbes (Figure 1). Oral mucosa covers the lips and mucosa of the soft palate and the pharynx, and 

can be divided into masticatory, specialized, and lining mucosa. The gingiva itself is part of the 

masticatory mucosa, pink in colour and demarcates apically from the mucogingival line.  

 

The gingiva consists of an epithelial layer and an underlying connective tissue layer called the 

lamina propria and can be divided into two parts, the free gingiva and the attached gingiva. Free 

gingiva extends coronally from the cemento-enamel junction (CEJ) including interdental papillae. 

The free marginal gingiva is normally 1.5-2 mm in the corono apical dimension, surrounding but 

not attached to the teeth. It usually forms a non-measurable sulcus around the teeth, which can be 

artificially opened apically towards the CEJ with a periodontal probe. Attached gingiva continues 

apically from the CEJ, and in this direction it extends into the mucogingival junction were it 

continues with the alveolar mucosa. Attached gingiva is firmly connected to the underlying tissues, 

to root cement and to alveolar bone with connective tissue fibers (Figure 1) (Hassell 1993, Lindhe 

et al. 2003). 

 

Histologically the gingival outer layer consists of oral epithelium, oral sulcular epithelium, and 

junctional epithelium (Figure 1). The degree of keratinization, number of cells and presence of 

rete pegs varies in the epithelia. The oral epithelium and underlying connective tissue contain many 

blood vessels and have a rapid metabolism. The main function is to protect the underlying structures 

from mechanical and chemical forces, and in signalling to other cell types in response to microbial 

challenge and microbial function. Oral epithelium is keratinized or para-keratinized, stratified 

squamous cell epithelium which faces the oral cavity and can be divided into different cell layers 

based on the degree to which the keratin-producing cells are differentiated: 1) stratum basale, 2) 

stratum spinosum, 3) stratum granulosum, and 4) stratum corneum (Figure 2). Continuous 

differentiation and specialization of keratinocytes occurs when they transverse from the basal layer 

to the epithelial surface allowing replacement of damaged cells. Stratum basale is attached to the 

underlying basal lamina (BL) [basement membrane (BM)]. It separates the basal cell layer from 
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the connective tissue and has an important function in protecting underlying structures and in 

producing new epithelial cells. BL consists of lamina lucida and lamina densa (Hassell 1993, 

Lindhe et al. 2003). Lamina lucida mediates the contact to stratum basale by hemidesmosomes and 

lamina densa attaches to the connective tissue with adjacent anchoring fibers (Hassell 1993). 

 

sulcular epithelium 
 
oral epithelium 

 
Figure 1 Anatomy of the periodontium. 

 
 

Figure 2 Anatomy of the oral epithelium 

 
junctional epithelium
 
connective tissue 
 
dentogingival fibers 
 
root sementum 
 
periodontal ligament 
 
alveolar process 

free gingiva

attached gingiva 

alveolar mucosa 

Str.corneum 

Str.spinosum 

Str.granulosum 

Str.basale 

basement membrane 

connective tissue 
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The connective tissue or lamina propria in non-inflamed human gingiva consists mostly of 

collagen fibers (around 60%), fibroblasts (5%), vascular elements (blood, lymph), nerves and 

ground substances (proteoglycans, glycosaminoglycans, and glycoproteins) (35%) (Hassell 1993, 

Embery et al. 2000, Lindhe et al. 2003). Ground substance or matrix is the medium in which the 

connective tissue cells are embedded. It also maintains normal function of the connective tissue 

(Lindhe et al. 2003). Various resident cells make up around 8% of the total volume of healthy 

connective tissue, with low numbers of recruited infiltrating inflammatory cells reflecting the 

degree of inflammation. Type I collagen is the main component of connective tissue (Narayanan & 

Hassell 1985), but type III, IV, V, and VI collagens also exist (Hillmann et al. 1998). Type III 

collagen is associated with type I collagen. Type IV collagen is associated with blood vessels and 

BM, and filamentous types V and VI collagens have a diffuse distribution (Narayanan & Hassell 

1985, Romanos et al. 1991). Collagen fiber groups, 5 principal groups and 6 minor groups, provide 

the tone and resistance of the free gingival margin and contour and support the attached gingiva. 

They provide the most coronal attachment of the gingiva to the tooth.  

 

The oral sulcular epithelium faces the tooth and is not bound to the tooth surface. It forms the 

lateral wall of the gingival crevice, a critical area concerning periodontal diseases, allowing 

bacterial growth in the crevice. Morphologically it is most similar to the oral epithelium. The 

surface of the oral sulcular epithelium is occasionally parakeratinized, but not keratinized. Apically 

it continues as junctional epithelium (Dale 2002, Lindhe et al. 2003). 

 

The junctional epithelium, a non-keratinized epithelium, forms the bottom of the gingival sulcus 

and provides the contact between the tooth and the gingiva. It functions to protect the underlying 

periodontal ligament. It is widest coronally, about 15-20 cell layers, and becomes apically thinner 

consisting of 3-4 cell layers towards the CEJ with no rete pegs. Junctional epithelium can be 

considered as a suprabasal cell layer, since the stratum spinosum, -granulosum, and -corneum cell 

layers are absent. All cells, independent of their shape, display a similar cytoplasmic structure. They 

migrate continuously coronally. Permeability of the junctional epithelium permits outwards flow of 

GCF and neutrophilic granulocytes between the cells even in a non-diseased state. Lack of a tight 

epithelial seal may also allow bacteria and their products to penetrate the epithelium and directly 

influence epithelial cells and defence mechanisms (Bosshardt & Lang 2005). Junctional epithelium 

faces the tooth with an internal basal layer (IBL) and the connective tissue by an external basal 

layer (EBL). EBL resembles the other basement membranes but IBL lacks type IV and VII 

collagens, most laminin types, and perlacan. In rats laminin-5 appears in IBL, but not in EBL, and 
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rather than true BL, IBL has been called BL-like extracellular matrix (Oksanen et al. 2001). IBL 

proteins include type VIII collagen and laminin-5, which seem to be associated with 

hemidesmosomes (Hormia et al. 1998). The basal layers consist of two laminas; lamina lucida 

facing junctional epithelium cells and lamina densa facing the tooth and the connective tissue. BL 

with hemidesmosomes forms an interface between the tooth and the connective tissue (Lindhe et al. 

2003, Shimono et al. 2003, Bosshardt & Lang 2005). 

 

The periodontal ligament fills the 0.15-0.4 mm space between the cementum covering the tooth 

and the alveolar bone process and is divided into groups depended on its orientation. The functions 

of the periodontal ligaments are tooth anchorage to the alveolar bone, fibrous and calcified tissue 

development and maintenance, nutritive, metabolite and sensory aspects and mediation of 

masticatory forces and balancing tooth mobility. Periodontal ligament includes blood vessels, 

nerves, lymph vessels, and connective tissue in an ECM (collagens, glycoproteins, proteoglycans). 

Differentiated cells include synthetic cells (osteoblast, fibroblasts, cementoblasts), resorptive cells 

(osteoclasts, fibroblasts, cementoclasts), epithelial cells (endothelial cells, rests of Malassez), and 

cells in connective tissue (mast cells, macrophages) (Mariotti 1993). The principal protein of the 

periodontal ligament is collagen, comprising around 47-52% of the protein content (Becker et al. 

1991) and consisting of type I, III, IV, V, VI, and XII collagens. Type I collagen is the most 

common collagen (80%) and type III the second most common (Becker et al. 1991, Hassell 1993, 

Mariotti 1993, Lindhe et al. 2003). 

 

The root cementum, a specialized mineralized tissue about 20–200 µm thick, covers the root of the 

teeth, attaches periodontal ligament fibers to the root and repairs damage to the root surface. It has 

no blood- or lymph vessels or nerves. Root cementum is asymmetrically covered by cementocytes 

in lacunae, and is characterized by continuous deposition throughout life. There are four kinds of 

cementum: 1) acellular, afibrillar cementum, 2) acellular, fibrillar cementum, 3) cellular cementum, 

with intrinsic and extrinsic fibers, and 4) cellular cementum, containing intrinsic fibers (Schroeder 

& Page 1990, Hassell 1993). Mature cementum contains approximately 50% organic materials: 

collagens, glycoproteins, and proteoglycans.The main collagens are type I (90%) and type III (5%) 

collagen with the remainder being non-collagen proteins (fibronectin, tenascin, enamel-like 

proteins, bone sialoprotein II) (Birkedal-Hansen et al. 1977, Becker et al. 1991, Lindhe et al. 2003). 
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The alveolar process is part of the maxilla and the mandible that supports the sockets of the teeth. 

It develops when teeth form and erupt. With the root cement and the periodontal ligament it forms 

the support and attachment to the teeth and is resorbed after teeth are lost.  

 

5.1.1 Cells of the periodontium  

Oral fibroblasts are the major resident cells inhabiting the periodontal tissues. Fibroblasts maintain 

and repair the connective tissue which supports and anchors the teeth by producing extracellular 

collagen fibers (proteins such as collagen and elastin) and ground substance (glycoproteins and 

glycosaminoglycans) (Hassell 1993). Cytokines play an important role in regulating fibroblast 

secretion of, for example, multiple ECM degrading proteins such as MMP-1, -2, -8, -9, -13, and -14 

(Birkedal-Hansen 1993, Cox et al. 2006). 

 

The initial host response to bacterial infection causes activation, recruitment, and migration of 

infiltrating inflammatory cells, mainly polymorphonuclear leukocytes (PMN), macrophages, and 

plasma cells, to the sites of inflammation. 

 

Leukocytes [polymorphonuclear (neutrophils, eosinophils, basophils) and mononuclear 

(monocytes, lymphocytes)] produced in bone marrow, are involved in defending the body against 

infective organisms and foreign substances. Polymorphonuclear neutrophils are not only the first 

line of defense against bacterial infection but also thought to be the major mediators of tissue 

destruction during inflammation (Weiss 1989). Neutrophils circulate in the bloodstream, moving 

out of blood vessels into infected tissue where they secrete/degranulate proteolytic enzymes 

including serine proteinases such as neutrophil elastases, cathepsin G (Campbell et al. 1989), 

protease 3, and MMPs such as MMP-8, -9, and -25 (Weiss 1989, Birkedal-Hansen 1993, Nie & Pei 

2004). Important functions of neutrophils are phagocytosis and killing of micro-organisms, critical 

factors in minimizing the destructive effects of e.g. periodontopathogenic bacteria (Dennison & Van 

Dyke 1997). Lymphocytes, neutrophils, and macrophages can, upon stimulation by a variety of 

molecules, secrete biologically active molecules such as pro- and anti-inflammatory cytokines 

[interleukins (IL)-1α, -6, -8, tumor necrosis factor-α (TNF)-α] and proteases such as MMP-8 and -9 

with potential profound effects on both structural proteins and pro- and anti-inflammatory cytokines 

(Okamoto et al. 1997, Liu et al. 2001, McMillan et al. 2004, Owen et al. 2004, Gueders et al. 

2005). 
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Macrophages are mononuclear leukocytes derived from monocytes. Properties include 

phagocytosis, antigen presentation to T cells, and release of IL-8, IL-1β and TNF-α (Liu et al. 

2001). Macrophages are located in different organs, and similar cells in the blood stream are called 

monocytes. Macrophages play an essential role in homeostasis by participating in wound healing, 

chronic inflammatory reactions, tissue remodeling, and host defense against neoplasms (Fidler 

1985).  

 

Mast cells originate from pluripotential hematopoietic cells in the bone marrow, undergo part of 

their differentiation in this site, then enter the circulation and undergo maturation in peripheral 

mucosal or connective tissue. Mast cells are distributed throughout the connective tissue in the 

body, including oral mucosa. Their numbers are increased in inflammations such as periodontitis. 

Mast cells are a heterogeneous population which can be divided into two classes based on their 

proteinase content: connective tissue mast cells are found throughout the connective tissues of the 

skin and peritoneal cavity, whereas mucosal mast cells are present in the intestinal lamina propria 

and lung (Irani et al. 1986, Gemmel et al. 2004). Mast cells contain and can secrete numerous 

cytoplasmic granules which store a variety of inflammatory mediators such as histamine, serotonin, 

proteolytic enzymes and heparin. Mast cells can strongly express MMPs (Steinsvoll et al. 2004), 

especially MMP-1 and MMP-8 (Næsse et al. 2003). Mast cell tryptase can cleave fibrinogen, 

activate latent MMPs, kininigens, and hydrolyze neuropeptidases and can be mitogenic for 

fibroblasts (Garbuzenko et al. 2002). They are important in regulating local neutrophil infiltration. 

The primary role of mast cells is thought to be in the innate defence against bacterial infections and 

in immediate hypersensitive reactions. They are now also believed to play a role in the induction of 

acquired immune responses (Swieter et al. 1993, Mécheri & David 1997).  

 

Lymphocytes are mononuclear leukocytes discharged to identify foreign substances and microbes 

and to produce antibodies [immunoglobulins (Ig)] and cells that specifically target them. The main 

subtypes are B-cells, cells producing specific antibodies that help to destroy foreign substances, and 

T-cells [T helper (CD4), T killer (cytoxic T-cells), and T suppressor (CD8)] which attack virus-

infected cells, foreign tissue, and cancer cells. They also produce a number of substances that 

regulate the immune response, natural killer cells, and null cells. Lymphocytes are found in the 

blood, in all tissues and in lymphoid organs. Activated B-cells differentiate locally by antigen 

activation into memory B-cells and mostly to short-lived plasma cells that secrete IgM as the first 

antibody response to pathogens, and form the cellular basis for sustaining antibody-mediated 

immunity. The presence of T-cell is sometimes required.  
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Plasma cells are rarely found in peripheral blood. Plasma cells are also involved in diseases such as 

multiple myeloma and long-lived plasma cells are important in antibody-dependent autoimmune 

diseases. Cytokines have an important role in plasma-cell development, IL-2 and IL-5 combined 

and  IL-6, -10, and -21 alone, play roles in the production of mRNA encoding B-lymphocyte-

induced maturation protein 1 (Shapiro-Shelef & Calame 2005). Plasma cells in tissue can be 

induced to express MMPs (Wahlgren et al. 2001). 

 

5.2. Periodontal diseases  

Periodontal diseases are a group of chronic, irreversible, bacterial-induced inflammatory diseases 

that affect the support and anchoring tissues of the teeth. If left untreated they lead to tooth loss. In 

addition to the subgingival microbial plaque and their metabolic products that are considered as the 

main etiologic agents for initiation and progression of periodontal inflammation (Haffejee & 

Socransky 1994), the host response to the microbes plays an important role in periodontal 

destruction. Periodontal destruction may progress in a “linear” way or in “bursts” and it may be 

site-specific (Kinane 2000, Gilthorpe et al. 2003).  

 

A new periodontal disease classification system was recommended by the 1999 International 

Workshop for the Classification of Periodontal Disease and Conditions and has been accepted by 

the American Academy of Periodontology. The new classification system has two main categories: 

1) gingival diseases and 2) periodontal diseases. Periodontal diseases have seven subcategories: a) 

chronic periodontitis, b) aggressive periodontitis, c) periodontitis as a manifestation of systemic 

diseases, d) necrotizing periodontal diseases, e) abscesses of the periodontium, f) periodontitis 

associated with endodontic lesions, and g) developmental or acquired deformities (Armitage 1999). 

The age-dependent nature of the adult periodontitis designation was rejected because similar bone-

loss patterns as occur in the primary dentition of children can be seen in adolescents. Chronic 

periodontitis has been further classified as localized or generalized depending on whether < 30% or 

> 30% of sites are involved. 

 

During the present studies the classification system was early onset periodontitis EOP, AP, 

necrotizing ulcerative periodontitis, refractory periodontitis, and periodontitis associated with 

systemic disease (Attström & van der Velden 1994). 
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5.2.1. Clinical diagnostics 

Periodontal diagnosis is still mostly based on clinical examination. Clinical signs and symptoms of 

inflammation, registration of clinical attachment loss (CAL), probing pocket depths (PPD), 

radiographies, possible microbe cultivation, other clinical observations (i.e. suppuration, tooth 

movements, occlusal problems, plaque, calculus), former and current oral problems and personal 

habits (e.g. dental treatment habits, smoking) and information of medical and dental history makes 

the diagnosis and classification complete (Armitage 2003). In the future, chair-side risk assessment 

of the GCF components or genetic testing could give more information on periodontal disease 

activity to the dental practician (Armitage 1995, Mäntylä et al. 2003, Sorsa et al. 2004a, b). 

 

A number of periodontal index systems have been described over the years, some of them to be 

used in dental practice and some for epidemiological research use. One of the earliest was the 

papilla, marginal gingiva, and attached gingiva  (PMA) index by Schour & Massler (1942) to study 

gingival problems in children in post-war Italy, followed by the periodontal index (PI) by Russell 

(1956) and the periodontal disease index (PDI) by Ramfjord (1959).  

 

In the present study the following indices were used in the original articles (I, II, III). PPD, the 

distance from the gingival margin to the base of the pocket, and CAL, the distance from the CEJ to 

the base of the pocket, are measured by a periodontal probe. PPD is a basic component of clinical 

periodontal evaluation and gives an overall estimation of periodontal problem-distribution in a 

patient. CAL gives information of periodontal damage and is the best tool to devise a treatment 

plan, even if it is more laborous to measure (Armitage 2003). Bleeding on probing (BOP) or after 

probing (Löe 1967) indicates the presence or absence of gingival bleeding with a score 0 (no 

bleeding) to 3 (spontaneous bleeding). The visible plaque index (VPI) describes the occurrence of 

clearly visible plaque or retentive calculus (RC) on mesial, buccal and lingual surfaces of all the 

teeth (Ainamo & Bay 1975). 

 

Destruction of alveolar bone is one of the main features of periodontitis. Radiographs provide a 

permanent record and can be used for future comparison, and give knowledge of the extent of bone 

loss and root/furcation anatomy of the adjacent teeth and many other anatomical structures (Jeffcoat 

et al. 1995). Periapical, bite-wing, vertical bite-wings, digital radiographs, and panoramic 

radiographs give information about the alveolar bone. Conventional radiographs such as panoramic, 

bite-wing, and periapical radiographies are used to detect alveolar bone levels. The accuracy of 

 19



periapical radiography has been found to be better than that of panoramic and bite-wing radiographs 

(Akesson et al. 1992, Pepelassi et al. 2000). Extension of alveolar bone loss can be measured by a 

grid, a Schei ruler (root length ruler) (Schei et al. 1959), a special film with a millimetre grid or by 

the use of computerized techniques. New digital imaging, i.e. subtraction and tomography, allow 

greater sensitivity and specificity to detect alveolar bone destruction. Digital information makes it 

possible to correct contrast errors, apply advanced measurement techniques and computer storage of 

the data (Jeffcoat et al. 1995, Hellen-Halme et al. 2005). 

 

5.2.2. Pathogenesis and first-line host defence of periodontal disease 

The pathogenesis of periodontitis was established by Page & Schroeder in 1976 based on 

histopathological findings. They described four phases of lesions: initial, early, established, and 

advanced. In initial and early lesions, increasing plaque (gram-positive cocci/rods) induces the 

migration of PMN cells to junctional epithelium and gingival sulcus, and lymphoid cells and 

monocytes/macrophages to connective tissue, causing alterations in junctional epithelium, vessels 

and collagen loss. Alveolar bone stays intact. In established lesions plaque increase continues 

changing subgingivally into gram-negative anaerobic rods, junctional epithelium moves apically 

and the formation of gingival pockets start, loss of collagen continues, plasma cells predominate, 

but alveolar bone is still normal. Much later, destruction of all periodontal structures continues in 

advanced lesions and there is an expansion of inflammatory and immunopathologic reactions (Page 

& Schroeder 1976, Kinane 2001).  

 

Essentially, gram-negative bacteria and their products such as fatty acids, lipopolysaccharides 

(LPS), enzymes and N-formyl-methionyl-leucyl-phenylalanine (FMLP) interact with junctional 

epithelium, causing inflammation and release of inflammatory mediators such as IL-8, IL-1α, 

prostaglandin E2 (PGE2), TNF-α, and MMPs. Leukocytes, especially PMNs, and in the early stage 

lymphocytes [B and T-helper (Th) 1, Th2], and later monocytes/macrophages extravasate from the 

inflamed vessels, and migrate to the junctional epithelium and gingival pocket. Junctional 

epithelium from the coronal part proliferates, allowing plaque to grow apically and the apical part of 

the junctional epithelium to extend further apically. Perivascular mast cells, activated by bacterial 

products and epithelial response, release histamine, which can activate endothelial cells to release 

IL-8 allowing vascular leakage and activation of serum proteins, for example complement 

(Offenbacher 1996, Page & Kornman 1997).  
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Though periodontopathogens initiate periodontal destruction they tend to cause the destruction only 

indirectly. Periodontitis is a multifactorial disease where environmental, genetic and systemic 

conditions play a role together with altered host response and this interplay may be even more 

significant than the bacterial challenge. Therefore, recent studies have focused on elucidating the 

host immuno-inflammatory response system i.e. antigens and other virulence factors.  

 

5.2.2.1. Periodontopathogens 

The non-specific plaque hypothesis of the 1950s and early 1960s suggested that when the number 

of bacteria in the cervical areas of teeth increases over the threshold of host defence the disease 

results (Loesche 1976). The specific plaque hypothesis of the 1970s (Loesche 1982) stated that one 

or more bacterial species in a biofilm caused the initiation and progression of periodontitis (Slots 

1979). Today we have come to an ecological plaque theory where the unique local 

microenvironment influences the composition of the oral microflora (Axelsson 2002). Bacterial 

isolates differ from person to person and in different sites of the teeth even in the same person. Over 

500 bacteria have been detected in the gingival crevice (Moore & Moore 1994). 

 

The bacteria associated with periodontal diseases are predominantly gram-negative anaerobic 

bacteria and may include Actinobacillus  actinomycetemcomitans (A.a.), Porphyromonas gingivalis 

(P.g.), Prevotella  intermedia (P.i.), Tannerella forsythensis (T.f.) (earlier name: Bacteroides 

forsythus [B.f.]), Campylobacter rectus (C.r.), Eubacterium nodatum, Peptostreptocossus micros 

(P.m.), Streptococcus intermedius and Treponema sp. The significance of spirochetes as aetiologic 

factors in periodontitis has become well established (Ellen & Galimanas 2005). In addition, 

Candida albicans (Hannula et al. 2001, Järvensivu et al. 2004) and members of the herpesvirus 

group have recently been associated with periodontal diseases (Slots 2005). The bacterial numbers 

associated with disease are up to 105 times higher than those associated with health (Lovegrove 

2004). Prevalence of severe periodontitis is 8% in the U.S. (Brown et al. 1989), 15-38% in Finland 

(Sewon & Parvinen 1988), and around 10-15% in the UK (Preshaw et al. 2004). The World 

Workshop on Clinical Periodontics 1996 limited periodontopathogens as causative agents in 

periodontal disease to three pathogens: A.a., P.g., and T.f. (Offenbacher 1996). 

 

Bacterial culturing has been widely used to characterize the composition of subgingival microflora. 

The samples are generally cultivated anaerobically to obtain the relative count of cultured species. 

This is the optimal way of characterizing new species and assessing antibiotic sensitivity. 
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Cultivation enables the analysis of viable bacteria, which in fact limits the transport systems. 

However, many microbes are difficult to culture i.e. spirochetes including Treponema sp. 

(Sakamoto et al. 2002), or their culturing is time-consuming and laborious i.e. T.f. (Meurman et al. 

1997a). 

 

The polymerase chain reaction (PCR) is an extremely sensitive, rapid, specific, and simple method 

to perform, does not require other sample pre-treatment except a brief centrifugation, and allows the 

analysis of large numbers of samples quite easily. Diagnostic assays using molecular biology 

techniques require specific DNA or RNA fragments that recognise complementary and specific 

bacterial DNA or RNA sequences from target micro-organisms at the end point of the reaction 

detection. However, their major limitation is contamination (Gibbs 1990). Comparing conventional 

culture methods to the PCR method, PCR is more accurate for identification of 

periodontopathogens in subgingival plaque samples and demonstrates a higher frequency of 

detection of these micro-organisms (Riggio et al. 1996). Although the traditional PCR method (end-

point PCR) has high sensitivity and specificity for periodontopathogens it is unable to accurately 

quantify them, which limits its use in practice (Sanz et al. 2004). On the other hand, when using 

PCR and an immunochromatographic assay with a lateral-flow device (strip) results can be obtained 

visually in 3 hours, and this makes it possible to evaluate P.g. in a chair-side manner (Takada et al. 

2005). 

 

The real-time PCR technique is used to monitor the progress of a PCR reaction in real time where a 

relatively small amount of PCR product (DNA, cDNA or RNA) can be quantified. It is based on the 

detection of the fluorescence produced by a reporter molecule which increases as the reaction 

proceeds and allows quantitation of reaction products for each sample in every cycle. The 

accumulation of specific products in a reaction is monitored by the changes in fluorescence within 

the PCR tube continuously during cycling. Advantages over traditional end-point PCR are that real-

time PCR is much faster and easier to perform, it is more sensitive and specific and less sensitive to 

contamination (Nonnenmacher et al. 2004).  

 

A.a. is a non-motile, gram-negative, facultatively anaerobic, saccharolytic, capnophilic, round-

ended rod. This species was first recognized as a possible periodontopathogen having increased 

frequency in periodontal pockets of localized juvenile periodontitis (LJP) patients than in healthy 

controls (Newman & Socransky 1977, Slots et al. 1986). It is also connected to progressive 

periodontal destruction in adult periodontitis (AP) (Slots et al. 1986). However, A.a. can also be 
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detected in periodontally healthy persons. A.a. has five serotypes (Zambon et al. 1983, Saarela et al. 

1992): serotype b, producing increased amounts of leukotoxin (DiRienzo et al. 1985), is connected 

to LJP; serotype a and b in AP; serotype c in extraoral infections and healthy periodontium 

(Asikainen et al. 1995), and serotypes d and e live as autoaggregates, in which the cells are densely 

packed and embedded in an extracellular matrix composed of bundled fimbriae, exopolymers, and 

vesicles (Wang & Chen 2005). 

 

 A.a. has multiple virulence factors interacting with the host. A.a leukotoxin affect host defence 

mechanisms by killing PMN leukocytes and peripheral blood monocytes (Ezzo & Cutler 2003). A.a 

LPS or A.a serotype b leukotoxins in human leukemic cells (Korostoff et al. 1998) are capable of 

modulating host response and inducing apoptosis. A.a LPS can stimulate macrophages to release 

IL-1, -1β, and TNF-α, which can lead to bone resorption (Saglie et al. 1990). In mice the 

expression of pro-inflammatory and Th1-type cytokines including TNF-α, interferon (IFN)-γ, IL-

12, and chemokines in periodontal tissues occurs after infection with A.a. (Garlet et al. 2005). A.a 

has the ability to invade gingival tissues, especially epithelial tissue (Meyer et al. 1991), and buccal 

epithelial cells, enabling microbes to avoid conventional periodontal therapy.  

 

P.g. is a non-motile, anaerobic, gram-negative, asaccarolytic rod that belongs to the well-

documented black-pigmented group of Bacteroides. P.g. has been known to be associated with 

periodontitis for a long time. It can infect and invade epithelium, endothelium and vascular smooth 

muscle cells (Haffajee & Socransky 1994, Dorn et al. 1999, Rautemaa et al. 2004), and has strong 

proteolytic activity which is considered to be associated with tissue destruction. P.g. produces 

dipeptidyl aminopeptidase IV which can activate the host-derived proMMP-2 and -1, leading to the 

degradation of connective tissue (Kumagai et al. 2005). MMPs, which are thought to be involved in 

the destruction of tissue in inflammatory diseases such as periodontal diseases, are thought to be 

post-translationally activated by microbial proteases e.g. P.g. gingipains (Birkedal-Hansen 1987, 

Sorsa et al. 1987a, 1992, DeCarlo et al. 1997). 

 

P.g. has at least three known virulence factors: fimbriae, gingipains, and LPS. Fimbriae are filament 

components of the cell wall which mediate adherence, i.e. to epithelial cells, through binding to β-1 

integrins (Graves et al. 2005). They induce bacterial internalization, modulate the production and 

induce the expression of proinflammatory cytokines (Ezzo & Cutler 2003, Bodet et al. 2005, 

Graves et al. 2005), and induce cell activation in mice (Isogai et al. 1994). Fimbriae also bind to or 
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stimulate macrophages and fibroblasts (Graves et al. 2005). Gingipains are proteins (three cysteine 

proteinases referred to as Arg-gingipain or Lys-gingipain) which function in the nutrient supply in 

protein degradation to peptides. They have proteolytic activities and mediate vascular permeability 

through bradykinin release. Gingipains enhance binding of fimbriae to fibroblasts, and are able to 

destroy complement protein. LPS are outer membrane constituents in gram-negative bacteria that 

change their structural integrity and biological activity. A polysaccharide core and lipid A makes 

the P.g. structure unique (Ogawa et al. 1994). Lipid A mediates the activation of C3H/HeJ in mice 

that induces endotoxic shock symptoms (Tanamoto et al. 1997).  

 

T.f., was first described by Tanner et al. (1979). It is a gram-negative, anaerobic, spindle-shaped 

rod. T.f. is difficult to culture in vitro, requiring over a week to grow the first colonies. It has many 

virulence factors such as trypsin-like protease and LPS, and has an ability to penetrate host cells, for 

example buccal epithelial cells (Ezzo & Cutler 2003). T.f. can also induce apoptosis (Korostoff et 

al. 1998, Ezzo & Cutler 2003). 

 

P.i./n., gram-negative saccharolytic anaerobic black-pigmented rod strains, were separated in 1992 

into two well-defined homology groups P.i. and P.n. (Shah & Gharbia 1992) which are 

phenotypically fairly similar. Their biochemical and serological identification is difficult. P.i. is 

closely associated with periodotitis sites and P.n. is associated with healthy periodontium sites and 

with endodontic lesions (Gharbia et al. 1994) and oral abscesses (Milsom et al. 1996). P.i. was 

found to be the predominant oral isolate in malnourished children in Nigeria and one of the 

predominant oral microbes in children with noma lesions (Falkler et al. 1999). 

 

P.m., formerly called Micromonas micros (M.m.), is a gram-positive anaerobic asaccharolytic 

coccus. Peptostreptococci are a heterogeneous group of organisms defined by their morphological 

appearance and their inability to grow in the presence of oxygen; most clinical isolates are 

identified as species in the genus Peptostreptococcus that has been associated with periodontitis and 

endodontic infections, but also respiratory, gastrointestinal, and female genitourinary tract 

infections (Murdoch 1998), and infections of prosthetic joints (Bartz et al. 2005). The strain can be 

divided into two genotypes: a smooth and a rough type, both found in normal oral microbiota. The 

smooth type is associated with periodontitis and the rough with periodontitis in smoking subjects 

(Kremer et al. 2000). P.m. could promote the inflammatory response during periodontitis by 

binding to A.a. LPS and stimulating TNF-α production by macrophage-like cells (Yoshioka et al. 

2005).  
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C.r., formerly known as Wolinella recta (W.r.), is a gram-negative, anaerobic, motile vibrio that is 

associated with diseased sites in adult periodontitis (Moore et al. 1993). The bacterium is more 

often detected in active sites of periodontal destruction (Rams et al. 1993). It is known to produce 

leukotoxin similar to A.a. (Gillespie et al. 1993). C.r. LPS can also stimulate human gingival 

fibroblasts to produce IL-6 (Ogura et al. 1996), IL-8 (Dongari-Bagtzoglou & Ebersole 1996), PGE2, 

and IL-1 (Takiguchi et al. 1997) in vitro. LPS from C.r. increases PGE2 release from monocytes 

(Garrison et al. 1988) and stimulates not only PGE2 but also IL-1β production in macrophages 

(Gillespie et al. 1988). 

 

5.3. HIV infection 

The first cases of AIDS (acquired immunodeficiency syndrome) were reported by Centers for 

Disease Control in 1981 in young homosexual men, and later in injecting drug users and persons 

with hemophilia. The virus was first recognized in 1983 (Barre-Sinoussi et al. 1983) and fully 

recognized coincidently in France by Montagnier et al. (1984) who named the virus 

lymphadenopathy-associated virus (LAV) and in the USA by Gallo et al. (1984) who called the 

virus human T-cell leukemia/lymphoma virus (HTLV-III). HIV is transmitted by sexual contact 

with an infected person or through blood or blood products (primarily during drug injection) 

(Grassly et al. 2001). Babies born to HIV-infected women may become infected before or during 

birth or through breast-feeding after birth (Scarlatti 2004).  

 

The World Health Organization (WHO) categorization of HIV infection was used in the present 

study. This categorizes HIV infection into four stages based primarily on clinical criteria and 

includes the use of CD4+ lymphocyte determinations: asymptomatic-phase (ASX), 

lymphadenopathy syndrome-phase (LAS), AIDS-related complex-phase (ARC), and acquired 

immunodeficiency syndrome-phase (AIDS) (WHO 1990). Other classifications are also used, such 

as Walter-Reed staging which is based on CD4+ lymphocyte counts and/or altered delayed 

hypersensitivity and/or presence of intraoral candidiasis (Centers for Disease Control 1992). 

 

Since 1986 the virus has been called HIV (human immunodeficiency virus). HIV belongs to the 

lentivirus (“slow virus”) family and is classified as a retrovirus. In a retrovirus core the genetic 

material is in RNA form. After recognizing and attaching with glycoprotein (gp) 120 to the CD4+ 

receptor of the target cell, the viral RNA enters the cytoplasm and reverse transcriptase [(RT, a 

unique enzyme that transcribes the genetic information from RNA into DNA)] converts RNA into 
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double-stranded proviral DNA, which has the ability to integrate into the genome of an infected 

cell. Host cell (= target cell) stimulation initiates viral protein production. Other viruses, e.g. herpes 

simplex or hepatitis B, could be responsible for the stimulation that can activate HIV replication 

(Glick & Garfunkel 1992, Stevenson 2003). 

 

CD4 receptors of CD4+ lymphocytes and monocytes/macrophages are the main targets of HIV-1 

(Clapham et al. 1989). Chemokine receptors CCR3, CCR5, and CXCR4 are also identified to be co-

receptors for HIV-1, permitting infection of macrophages and dendritic cells (Stevenson 2003, 

Sharova et al. 2005). CD4+ lymphocytes, a class of T-cells, help to trigger B-cells to produce 

antibodies against thymus-dependent antigens. CD4+ lymphocytes also help to generate cytotoxic 

T-cells. HIV infection also induces abnormal B-cell activation in peripheral blood (Shirai et al. 

1992). CD4 receptors are also found in vitro in neural-, endothelial cells of the brain, intestinal 

epithelial cells, bone marrow precursor cells, and Langerhans cells in epidermis (Rabson 1990). 

CD4+ lymphocytes have a central role in human immune regulation and dysfunction or a decline in 

their number leads to suppression of the immune system, causing progression of the disease and 

liability to opportunistic infections and development of malignancies (Glick & Garfunkel 1992), 

neurologic diseases, and a variety of non-specific manifestations  i.e. generalized lymphadenopathy, 

fever, and diarrhea (Gilmore 1988). The second way by which HIV is suspected to cause disease is 

that the human immune response falsely reacts to the HIV infection, gp 120 can in vitro falsely 

mark uninfected cells and form giant cells with infected cells that will be eliminated by the body 

(Stevenson 2003). CD4+/CD8+ lymphocytes of HIV-1 infected patients can undergo spontaneous 

apoptosis in vitro (Stevenson 2003).  

 

The latest statistics on the world epidemic of AIDS & HIV were published by UNAIDS/WHO in 

December 2005. The estimated number of people living with HIV/AIDS was 40.3 million people, 

of whom 43.5% were females (http://www.unaids.org/epi/2005/doc/EPIupdate2005_pdf_en/epi-

update2005_en.pdf). By the 28.04.2006 there have been cumulatively 1948 HIV infected patients in 

Finland, of whom 25% were females (National Public Health Institute, Finland 2006, 

[http://www.ktl.fi/attachments/suomi/osastot/infe/hivsuo.pdf]). 

 

5.3.1. Highly Active Anti-Retroviral Therapy (HAART) and oral manifestations 

The first anti-retroviral agent for HIV in 1985 was azidothymidine (AZT, zidovudine) (Fischl et al. 

1987), which was initially discovered to have antiretroviral activity against murine retroviruses in 
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the 1960s (Ostertag et al. 1974). It increases CD4+ lymphocyte counts, reduces the frequency and 

severity of opportunistic infections, and prolongs life when used as monotherapy or combination 

therapy with other antiretrovirals such as didanosine (ddI) and dideoxycytidine (Hostetler et al. 

1990). Similar to dideoxynucleotide, AZT inhibits HIV replication by inhibiting reverse 

transcriptase in vitro. Progression of disease and strains of HIV-1 resistant to AZT in vitro, limits 

prolonged monotherapy with this medication (McLeod & Hammer 1992). 

 

Valid anti-viral HIV medication since the mid 1990s is HAART (highly active anti-retroviral 

therapy), a combination of three classes of drugs: nucleoside reverse transcriptase inhibitors 

[(NRTI), e.g. AZT, ddI, zalcitabine (ddC), lamivudine (3TC), stavudine (d4T)], non-nucleoside 

reverse transcriptase inhibitors [(NNRTI), delaviradine and nevirapine], protease inhibitors [(PI); 

saquinavir, indinavir, ritonavir, nelfinavir] (Katzenstein 1997). Recently, clinical use of the first 

fusion inhibitor [(FI) enfuvirtide] has begun in patients with drug resistance to other anti-retrovirals 

(Barbaro et al. 2005). These drugs act at various points in the lifecycle of the virus and are 

administered with the aim of reducing the viral load to undetectable levels to allow immune 

restoration. HAART significantly increases absolute CD4+ lymphocyte counts, reduces HIV viral 

load, and improves survival, even in patients with very low absolute CD4+ lymphocyte counts 

(Hirsch et al. 1997, French 1999). HAART is associated with numerous metabolic complications 

(Sutinen 2005). 

 

Since the advent of HAART, clinical and epidemiological observations show a dramatic decline in 

the mortality and morbidity of HIV-positive patients, which can be attributed to a reduction of HIV 

viral load and recovery of immune function in previously ill subjects (Sterne et al. 2005). Patients 

are, at least to some extent, protected against several oral lesion i.e. candidiasis, salivary gland 

disease, sarcoma, Kaposi’s sarcoma, and oral hairy leukoplakia (Porter & Scully 1998). The 

reported prevalence of oral lesions related to HIV mostly predates the era of HAART (Eyeson et al. 

2002). The prevalence of all oral lesions has decreased by more than 30% after HAART therapy 

(Ceballos-Salobrena et al. 2000) and the prevalence of necrotizing ulcerative gingivitis (NUG) and 

periodontitis (NUP)  is low (Reichart 2003). However, the prevalence of some oral lesions has 

nevertheless increased, such as HIV salivary gland disease, or there has been no statistically 

significant change in the prevalence, such as oral candidosis, aphtous ulcers, and Kaposi’s sarcoma 

(Patton et al. 2000). The long-term use of NRTI drugs has been associated with a number of 

clinically relevant toxicities including hyperlactaemia and lactic acidosis, neuropathy, pancreatitis 

and, more recently, a syndrome of pathological loss of subcutaneous fat tissue (lipoatrophy) (Nolan 
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& Mallal 2004). The main reason for a failure of HAART includes toxity, drug resistance, or poor 

adherence to treatment (Willemot & Klein 2004). The original articles of this study are based on 

samples collected from HIV infected patients taking no HAART medication (I and II), but who had 

taken various retroviral medications in different combinations, but not the combinations of HAART 

therapy of today (III, IV).   

 

5.3.2. Oral manifestations of HIV infection  

From the very first descriptions, the oral manifestations of HIV infection have been and still are 

considered to be important components of the disease and to be indicative of disease progression. 

Worldwide meetings, the European Economic Community (EEC) Clearinghouse (1993) and the 

WHO have made classifications and diagnostic criteria for HIV-related oral lesions. A revised 

classification based on EEC-Clearinghouse divides oral manifestations into three groups: 1) lesions 

strongly associated with HIV infection i.e. candidiasis, hairy leukoplakia, non-Hodgkin’s 

lymphoma and periodontal  diseases, 2) lesions less commonly associated with HIV infection i.e. 

bacterial infections, salivary gland disease reducing salivary flow (Mandel et al. 1992), and 3) 

lesions seen in HIV infection i.e. fungal infections other than candidiasis and viral infections 

(cytomegalovirus) (Wiebe & Epstein 1997, Holmstrup & Westergaard 1998, Aguirre-Urizar et al. 

2004) . 
 

5.4. HIV infection and periodontal diseases 

Severe forms of periodontal diseases have long been known to be associated with immune system 

defects (Genco & Slots 1984). Different HIV-related periodontal disease classifications have been 

presented since the first clinical periodontal signs were detected in HIV infected people in 1986 

(Winkler & Murray 1987) based on the following clinical signs: atypical gingivitis and acute 

necrotizing ulcerative gingivitis (ANUG)-like lesions (Gornitsky & Pekovic 1987, Winkler & 

Robertson 1992). The first classification divided HIV-associated periodontal diseases into four 

categories: 1) HIV-associated gingivitis (HIV-G), regardless of the bacterial load, 2) HIV- 

associated periodontitis (HIV-P), including rapid attachment loss, connective tissue destruction, and 

deep bone pain, 3) ANUG, and 4) necrotizing stomatitis (NS) (Greenspan et al. 1990). In a later 

classification it was considered important to drop the term HIV, because any of those conditions 

could also be found in non-HIV-infected subjects (Smith et al. 1993). HIV-G is now called linear 
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gingival erythema (prevalence 0-50%) and HIV-P is now called NUP (prevalence 1-5%) (Murray 

1994, Lamster et al. 1997). 

 

Several studies have found increased incidences of periodontal disease in patients with more 

advanced stages of HIV infection, related to the severity of the systemic disease (Melnick et al. 

1989, Lucht et al. 1991, Masouredis et al. 1992, Yeung et al. 1993) and to the decreasing numbers 

of CD4+ lymphocytes in peripheral blood leading to immunosuppression (Lamster et al. 1997), but 

not to clinical signs (i.e. VPI) or periodontal pathogenic micro-organisms (Lucht et al. 1991). 

However, some studies have shown that independent of the CD4+ lymphocyte counts 

immunosuppression is a risk factor for gingival inflammation at least when combined with old age 

(Barr et al. 1992) or in military persons where tobacco use was a stronger risk factor for periodontal 

signs than CD4+ lymphocyte counts (Swango et al. 1991). Likewise, no difference was found in 

periodontal status between HIV-positive patients in different phases of HIV infection (Drinkard et 

al. 1991, Riley et al. 1992, Scheutz et al. 1997). Yeung et al. (2002) found the frequency of 

periodontitis to be lower than in their previous study (Yeung et al. 1993). The attachment loss of 

HIV-positive patients could have been caused by lifestyle factors such as smoking habits and poor 

oral hygiene rather than HIV infection (Robinson et al. 2000). In a study by Guarnelli et al. (1999), 

alveolar bone loss of posterior teeth was greater in HIV-positive patients, but the difference was less 

than expected when compared with healthy controls, despite the CD4+ lymphocyte count being 

<199/mm3 (< 0,2 x 109/L). 

 

Due to different study protocols and patient selection both the prevalence (Friedman et al. 1991) 

and incidence (Winkler et al. 1992) of HIV-G/-P have been found to be lower than in previous 

reports. Epidemiological studies have met criticism concerning poorly controlled, poorly defined 

criteria of diagnosis, and poor patient selection (Robinson 1992).  

 

The microbes of HIV-positive patients with NUP or periodontitis have been reported to be similar 

to those of conventional periodontitis (A.a., P.i., and P.g.) in non-infected subjects (Zambon et al. 

1990, Gornitsky et al. 1991, Rams et al. 1991) and not related to CD4+ lymphocyte counts nor the 

anti-HIV medication the patients received i.e. non-HAART (Cross & Smith 1995, Tenenbaum et al. 

1997) or HAART (Goncalves et al. 2004). However, certain bacterial strains were more prevalent 

in subjects with higher CD4+ lymphocyte levels. The limited number of HIV-positive patients with 

periodontitis in these studies could have affected the significance between the levels of CD4+ 

lymphocytes and the prevalence of periodontopathogens, however.  
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High levels of opportunistic bacterial, fungal, and viral species are associated with tissue necrosis in 

atypical forms of periodontal diseases (Zakarian et al. 1988). Several investigators have also 

reported high recovery rates of microbes not generally associated with the indigenous oral microbial 

flora i.e. Staphylococcus epidermidis, Enterococcus faecalis, Clostridium clostridiiforme, C. 

difficile, and Mycoplasma salivarium (Zambon et al. 1990, Rams et al. 1991, Moore et al. 1993, 

Gomez et al. 1995).  HIV-G is also considered to be a precursor of HIV-P based on the microbes 

found in these patients (Murray et al. 1991).  

 

The number of subgingival yeasts varies in different studies from frequent findings (Murray et al. 

1989, Chattin et al. 1999) in diseased periodontal sites in HIV-positive patients and non-diseased 

sites (Zambon et al. 1990) to low levels (Rams et al. 1991) of Candida albicans. C. dubliniensis 

(Jabra-Rizk et al. 2001) C. glabrata, C tropicalis, and C. krusei have emerged as other pathogens. 

The presence of C. albicans is strongly associated with the linear gingival erythema (Lamster et al. 

1998), but may also be related to other periodontal diseases in HIV-positive subjects (Chattin et al. 

1999). In general, the frequency of Candida species increases with the severity of HIV infection 

and lower CD4+ lymphocyte count. The progression of periodontal disease in HIV-positive patients 

depends on the host’s immunologic competency and the local inflammatory response to subgingival 

microbes (Lamster et al. 1997).  

 

5.4.1. HIV infection and periodontal diseases and local host response 

Some studies have reported that periodontitis progresses more rapidly in HIV-positive patients than 

in HIV-negative subjects (Barr et al. 1992, Robinson et al. 1997). Still, there is generally no 

difference in periodontopathogens from HIV-positive or HIV-negative subjects, as described above. 

Investigations concerning alterations in local host response could explain the accelerating rate of 

chronic periodontitis in HIV-positive patients. Both local and systemic host inflammatory and 

humoral immune responses in HIV infection may play a role in the progression of periodontal 

disease. Studies have been published on responses of antibodies such as immunoglobulins (Ig) to 

periodontopathogens and the influence on inflammatory mediators such as PMNs, lysosomal 

enzyme β-glucuronidase (βG), and the pro-inflammatory cytokine IL-1β (Lazzarin et al. 1986, 

Roilides et al. 1990) and on MMPs (Weeks 1998). 

 

In GCF, the levels of βG, IL-1β (where the trend was towards higher concentrations), and IgA or 

IgM showed no significant differences between HIV-negative/HIV-positive subjects (Grbic et al. 
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1997), but GCF IgG levels were significantly increased in HIV-positive when compared with HIV-

negative injecting drug users (Grbic et al. 1997, Lamster et al. 1998). In the study by Lamster et al. 

(1998) there was a positive correlation between periodontal disease and GCF βG in HIV-negative 

subjects contrary to HIV-positive patients where the correlation was weak, probably reflecting an 

altered regulation of PMN cell recruitment into the gingival crevice. HIV-positive patients have 

shown increased Ig density in cells of periodontal connective tissue, reflecting altered topical 

distribution which might imply impaired restriction of the inflammatory lesion, antigenic challenge 

of unusual microorganisms in the oral cavity, or HIV-induced dysregulation of the B-cell system 

(Myint et al. 1999). 

 

In serum, elevated levels of IgG-1, -2, and -4 subclasses in otherwise systematically healthy 

subjects with destructive periodontitis (Wilton et al. 1992a, b) and of IgG-2 in LJP patients (Lu et 

al. 1994) have been found. In a study of serum samples of HIV-positive groups, elevated IgG-1 

levels were observed but there was no significant difference when compared with controls, both 

groups comprising of periodontitis patients, gingivitis patients, and periodontally healthy subjects 

(Yeung et al. 2002). However, serum samples of HIV-positive persons with chronic marginal 

periodontitis showed lower IgG reactivities while IgA concentrations were similar when compared 

with controls (Steinsvoll et al. 1997). Total salivary IgA concentration was higher in HIV-positive 

patients regardless of the periodontal status compared with the controls, reflecting acute periodontal 

infection (Myint et al. 1997). 

 

Functional defects in neutrophils from HIV-1 infected adults have also been observed in a number 

of studies, and these include defects in phagocytosis (Lazzarin et al. 1986), chemotaxis (Ellis et al. 

1988), oxidative burst (Chen et al. 1993), bacterial killing (Ellis et al. 1988), and degranulation 

(Meddows-Taylor et al. 1999). PMNs in peripheral blood have been found to be hyper-responsive 

(Ryder et al. 1988), which is connected to tissue damage. Furthermore, dysregulation of IL-8 

production (Matsumoto et al. 1993) and altered expression of the IL-8 receptor (Meddows-Taylor et 

al. 1999) have been reported in HIV-1 infected patients. PMN rigidity is found to correlate inversely 

with CD4+ lymphocyte counts, and has been shown to be increased in HIV-positive individuals 

who have no history of severe immunosuppression. PMN rigidity can alter microvascular blood 

flow which has shown to be a risk factor for retinal vascular damage (Tufail et al. 2000). In chronic 

periodontitis lesions of HIV-positive patients, highly increased numbers of plasma cells, mast cells, 

macrophages, and neutrophils have been found to release preformed proinflammatory cytokines and 

other mediators leading to periodontal loss (Myint et al. 1999, 2002). HIV-1 infection enhances the 
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ability of human lymphocytes to leave the circulation and localize in target tissues, and to secrete 

increased amounts of the human 92-kDa type IV collagenase in monocytes and degrade the ECM 

proteins collagen IV and fibronectin (Weeks et al. 1993). Activated forms of PMN-derived MMPs 

(collagenase-2 and gelatinase B) and high levels of their inhibitors have been found in GCF and 

saliva of HIV-positive patients with AP (Salo et al. 1994). These findings may contribute to 

periodontal pathogenesis.  

 

5.5. HIV infection and saliva  

Whole saliva or oral fluid contains secretions of both major and minor salivary glands and other 

oral fluids such as GCF, expectorated bronchial and nasal secretions, serum and blood derivates 

from oral wounds, bacteria and their products, other microbes, food debris, epithelial and other 

cellular derivates. Saliva can be collected with stimuli such as chewing paraffin-wax, with citric 

acid or without any stimulus. Quantity, constituents and pH varies depending on the way saliva is 

collected and on the time of day (Dawes 1987). Saliva has various functions from protective to 

food- and speech-related and lubricative (Kaufman & Lamster 2000, Dodds et al. 2005).  

 

Saliva contains three major groups of compounds: proteins, small organic molecules and 

electrolytes. Organic constituents of saliva contain numerous proteins with various functions 

important for oral health. Proline-rich proteins (PRPs) (Mandel et al. 1965, Levine et al. 1969) 

make up over 70% of the total protein compounds. Other proteins include amylase, found at high 

concentrations in parotid saliva as well as mucins (glycoproteins), albumin, Ig-A, -G, -M, and 

minor amounts of other anti-microbial proteins such as histatins, lysozyme, lactoferrin, peroxidase, 

and secretory IgA (sIgA) (Mandel 1993, Kaufman & Lamster 2000). Saliva can be used for 

diagnostic purposes as an alternative to serum in both local and systemic diseases. It is easy to 

collect, cost-effective, non-invasive and does not require any specific equipment (Kaufman & 

Lamster 2000). For periodontal diagnostic tests saliva contains locally- and systemically-derived 

factors reflecting periodontal status (Kaufman & Lamster 2000, Mäntylä et al. 2003). 

 

HIV-positive patients suffer from reduced salivary flow rate, more than 40%, when compared with 

controls (Atkinson et al. 1990, Mandel et al. 1992, Sweet et al. 1995, Lin et al. 2001). 

Concentrations of antimicrobial and fungal proteins such as lysozyme, lactoferrin, sIgA, and histatin 

may be increased, decreased, or unaltered (reviewed by Lin et al. 2001, 2003). The discrepancies 

result from the stage of HIV disease, small numbers of patients evaluated, and/or from the wide 
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variety of medications taken by the subjects (many taking anticholinergic drugs), salivary  

collection methods, methods of analysis, and the large inherent individual variation in salivary 

parameters (Lin et al. 2003). 

 

5.5.1 Immunoglobulins  

Immunoglobulins (Ig), or antibodies, are a complex and large family of proteins that protect the 

body from foreign pathogens. Immunoglobulins are synthesized by plasma cells and B- 

lymphocytes. Immunoglobulins generally assume one of two roles: 1) plasma membrane-bound 

antigen receptors on the surface of a B-cell or, 2) as free antibodies in cellular fluids functioning to 

intercept and eliminate antigenic determinants. Each antibody recognizes a specific antigen unique 

to its target. Antibodies are made of protein "heavy” or “light” chains linked together by chemical 

bonds. Structural differences, based on the differences in their heavy chains, allow classification of 

immunoglobulins to five human isotypes, IgA, IgD, IgG, IgE, and IgM which are found in all 

humans. 

 

5.5.1.1. IgA 

Human IgA exists in two isotypic forms, IgA1 and IgA2, and is also found as a dimer (sIgA) in 

secretions. IgA exists as a 160 kDa monomer in serum and as a 400 kDa dimer in secretions. IgA1 

is predominantly monomeric and is produced in bone marrow by B lymphocytes. It makes up most 

of the serum IgA. Both IgA1 and IgA2 are synthesized in gut-associated lymphoid tissues and 

secreted onto mucosal surfaces. Serum IgA prevents complement system activation and is therefore 

considered to be non-inflammatory (Brandtzaeg 2003). It inhibits phagocytosis by neutrophils and 

macrophages, chemotaxis and antibody-dependent cellular cytotoxity. IgA is experimentally shown 

to suppress production of inflammatory cytokines by macrophages through binding to the IgA 

CD89 receptor (Russell & Sibley 1999). Serum IgA levels frequently raise in many autoimmune 

diseases such as rheumatic diseases and in persistent infections such as AIDS-stage HIV-infection 

(Quesnel et al. 1994). The concentration of IgA in serum is approximately 15% of the total antibody 

concentration. 

 

Dimeric IgA is the predominant Ig in saliva (Tomasi et al. 1965) at least 95% is produced by local 

synthesis on mucosal surfaces and plasma cells in salivary glands.  It is present at only one-fifth of 

the IgG concentration of normal human serum, which may be due to its short half-life (3–6 days) 

compared to IgG (Brandtzaeg 1989, Kerr 1990). Secretory IgA (sIgA) has unique properties 
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compared to serum IgA, sIgA contains epithelial glycoprotein and secretory component (SC) on the 

surface of the molecule, making their biochemical and immunochemical properties different (South 

et al. 1966, Brandtzaeg 1989, Kerr 1990). SC is part of a cell surface receptor that mediates the 

transport of polymeric IgA across the epithelial barrier (Mostov 1994) and it increases the resistance 

to proteolytic degradation (Kerr 1990). Secretory IgA functions include inhibition of bacterial 

adherence to the mucosal wall, prevention of invasion of micro-organisms from the gut towards 

blood and neutralization of bacterial toxins. Parotid glands are the main source of IgA, but minor 

salivary glands also play an important role (Smith et al. 1991, Kaufman & Lamster 2000) having a 

greater density of IgA-producing cells than parotid or submandibular glands (Matthews et al. 1985). 

It can be concluded that minor salivary glands are the main source of salivary IgA (Grimoud et al. 

1998). sIgA secretion and regulation of its synthesis depend, for example, primarily on antigenic 

stimulation, but also on alterations in neuroendocrine function (for example stress, exercise, 

hormonal changes, and pharmacological interventions) (Teeuw et al. 2004). Different salivary 

collection methods and flow rate influences IgA concentrations (Söderling 1989, Aufricht et al. 

1992), and daytime variations are also seen (Dawes 1987). 

 

Various salivary collection methods are used to study IgA from HIV-positive patient saliva. 

Unstimulated whole saliva (Sweet et al. 1995, Slobodianik et al. 1996, Grimoud et al. 1998, Sistig 

et al. 2003), stimulated whole saliva (Myint et al. 1997, Lin et al. 2001), unstimulated parotid saliva 

(Wu & Jackson 2002), stimulated parotid saliva (Müller et al. 1991, Mandel et al. 1992, Sweet et 

al. 1995), and stimulated submandibular/sublingual saliva (Atkinson et al. 1990) have been 

investigated. Total IgA was found to be higher in stimulated whole saliva (Lin et al. 2001) in HIV-

positive groups regardless of the periodontal status (Myint et al. 1997). In parotid saliva of HIV 

infected subjects sIgA2 levels were increased with oral manifestations (Wu & Jackson 2002), and 

an increase in IgA in stimulated submandibular/sublingual saliva (Atkinson et al. 1990) and in 

unstimulated whole saliva was found when CD4+ lymphocytes were low (Grimoud et al. 1998). On 

the other hand, in stimulated parotid saliva both sIgA subclasses (Müller et al. 1991) were 

significantly reduced in the AIDS-phase compared with asymptomatic patients although serum IgA 

levels were significantly increased in the AIDS-phase (Müller et al. 1991). In unstimulated whole 

and stimulated parotid saliva there was a decrease in IgA levels in all phases of HIV infection 

(Sweet et al. 1995, Slobodianik et al. 1996). Studies of stimulated parotid saliva have shown no 

difference in sIgA concentrations between HIV-positive patients compared with HIV-negative 

subjects (Mandel et al. 1992) or parotid and whole saliva where AIDS did not appear to affect 
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secretory IgA levels (Marder et al. 1985). Secretory IgA2 from whole saliva showed reduced levels 

and IgA1 no difference when compared with healthy controls (Sistig et al. 2003).  

There are contradictory reports of salivary IgA levels in different studies. Collection methods in 

these studies vary which may affect the results and make the comparison between the studies 

difficult. In a recent review it was concluded that HIV infection was associated with decreased 

salivary IgA levels with a dichotomy between IgA concentrations in saliva and serum levels 

(Challacombe & Sweet 2002). 

 

5.5.1.2. IgG 

Monomeric IgG is the major antibody found in all body fluids, and has a molecular weight (mw) of 

around 150 kDa. IgGs are the smallest but most abundant of the antibodies, normally comprising 

around 75-80% of all antibodies in the body. IgG can be divided into four subclasses (IgG1-IgG4). 

They remove germs, helping other cells to seek and destroy them. Salivary IgG is primarily derived 

from serum via GCF and is present in low concentrations (Kaufman & Lamster 2000), but has the 

same functional properties as serum IgG (Brandtzaeg 1989). Periodontal inflammations tend to 

increase IgG concentrations through increased vascular permeability and increased GCF flow rate 

(Kaufman & Lamster 2000). Total IgG levels have been found to be increased in unstimulated 

whole saliva (Lü et al. 1994), as are all IgG subclasses in unstimulated whole saliva (Sistig et al. 

2003), and total serum IgG (Janoff et al. 1991) in HIV infected patients. 

 

5.5.1.3. IgM 

IgM antibodies are the largest type of antibody (mw=900kDa). Secreted IgM in vivo is a polymeric 

antibody normally secreted by plasma cells in the pentameric form, but IgM can also be secreted in 

other polymeric forms, IgM monomers and IgM hexamers, in vitro. The physiological relevance of 

IgM hexamers is unknown (Hughey et al. 1998). IgM is found in blood, giving the host protection 

against blood-borne pathogens, and lymph fluid and are the first type of antibody produced in 

response to an infection. IgM makes up around 10% of the serum Igs. They also cause other 

immune system cells to produce compounds that can destroy invading cells. IgM antibodies 

normally comprise around 5-10% of all the antibodies in the body. IgM remains in the bloodstream 

where it can kill bacteria. Levels of IgM in HIV-positive patients’ unstimulated whole saliva are 

significantly increased (Lü et al. 1994, Grimoud et al. 1998). 
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5.5.2. Albumin  

Albumin (mw 69kDa), synthesized in liver, is the main constituent (over 50%) of total protein in 

plasma. Salivary albumin is regarded as a serum ultra-filtrate but it can also diffuse into mucosal 

secretions (Schenkels et al. 1995). Various stages of immunosuppression cause higher salivary 

albumin concentrations such as seen in diabetes (Dodds et al. 2000), in connection with anti-cancer 

therapies (Meurman et al. 1994, 1997b), and stem-cell transplant patients (Schoval et al. 2005). 

Salivary albumin has been suggested to be useful as a diagnostic tool in periodontitis, being 

significantly higher in periodontitis patients compared to the levels in healthy dentate and 

edentulous patients (Takahashi et al. 2004), and in individuals with gingivitis or periodontitis 

compared with healthy subjects (Henskens et al. 1993). Increased salivary albumin concentrations 

may be indicative of gland inflammation (Fox et al. 1985) and albumin analyses have been 

suggested for assessing the integrity of mucosal function in the mouth (Meurman et al. 1997b). 

 

Among HIV-positive patients salivary albumin has been found to increase with time (Atkinson et 

al. 1989), and in situations such as decresed salivary output (Yeh et al. 1988, Lin et al. 2003) or in 

salivary gland disease (Schiødt et al. 1992) indicating an alteration of the mucosal barrier. Salivary 

albumin, for example IgA, IgG, and IgM, and other salivary defence factors such as complement 

component C3 and transferrin, have also been found to be higher at different phases of HIV 

infection, and among patients having oral lesions despite the antiretroviral medication (AZT) when 

compared with healthy controls (Grimoud et al. 1998). 

 

5.5.3. Salivary peroxidase system 

The salivary peroxidase system has antimicrobial properties but also protective properties in the 

inactivation of mutagenic and carcinogenic compounds. Formerly, salivary peroxidases were 

considered to comprise lactoperoxidases derived from salivary glands and MPOs derived from 

leukocytes (Tenovuo 1989). Today, human whole saliva is considered to contain two peroxidases, 

salivary peroxidase (hSPO) and myeloperoxidase (hMPO) (Ihalin et al. 2006). Human hSPO, 

secreted from human parotid and submandibular glands, as well as human milk lactoperoxidase 

(hLPO) are encoded by the same gene, but the origin of the final enzyme conformation is not 

known (Ueda et al. 1997). 

 

MPO in the oral cavity mostly comes from GCF. Salivary peroxidase levels of AIDS-stage patients 

with decreased salivary flow rates have been found to be significantly increased when compared 
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with healthy controls, indicating increased antimicrobial activity (Vucicevic-Boras et al. 2003). The 

salivary peroxidase-mediated antimicrobial system effectively inhibits in vitro also viruses such as 

HIV (Chochola et al. 1994).  

  

5.6. Matrix metalloproteinases (MMPs) 

MMPs are a family of highly homologous, structurally related but genetically distinct Zn++-

containing mostly multidomain endopeptidases. They function extracellularly and are involved both 

in the degradation and remodelling of ECM proteins and BM components in both physiological and 

pathological conditions. Physiological conditions include apoptosis, embryonic development, 

blastocyst implantation, organ morphogenesis, and nerve growth (Birkedal-Hansen et al. 1993, 

Sorsa et al. 2004a). Pathological conditions include rheumatoid arthritis, tumor invasion, 

periodontitis, eye and skin diseases, lung diseases, stroke, tissue remodelling and wound healing, 

and cardiovascular disease (Sodek & Overall 1992, McDonnell & Fingleton 1993, Sorsa et al. 

1995, Kähäri & Saarialho-Kere 1997, Prikk et al. 2001, Cunningham et al. 2005). MMPs can 

activate or degrade numerous pericellular/regulatory substrates such as other proteinases, proteinase 

inhibitors, chemotactic molecules, latent growth factors, growth factor-binding proteins, cell surface 

receptors, pro- and anti-inflammatory cytokines and cell-to-cell adhesion molecules (Sternlicht & 

Werb 2001). MMPs regulate many biological processes and also themselves. Certain MMPs such as 

MMP-7 and -8 exert anti-inflammatory or defensive characteristics by activating defencins or 

antibiotic peptides that kill bacteria by disrupting membrane (McMillan et al. 2004, Owen et al. 

2004, Elkington et al. 2005, Gueders et al. 2005). 

 

Today, at least 25 vertebrate MMPs and 23 human homologues have been identified (Nagase & 

Woessner 1999, Sternlicht & Bergers 2000). Under normal physiological conditions, the activities 

of MMPs are regulated at the level of transcription, activated by precursor zymogens they interact 

with specific ECM components, and are inhibited by endogenous inhibitors (Nagase 1997, 

Sternlicht & Werb 2001, Visse & Nagase 2003). This family of enzymes, required for numerous 

developmental and pathological processes, has been collectively called MMPs after their 

collagenolytic activity was detected in the tail of a tadpole (Gross & Lapiere 1962).  

 

All MMP family members consist of 1) an N-terminal signal peptide, 2) a propeptide (around 

80 amino acids), which preserves enzyme latency and cleaves off upon activation, 3) a catalytic 

domain (around 170 amino acids) with a Zn++-binding site, 4) a proline rich hinge region joining the 
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Zn++ domain to a hemopexin domain permitting the C-terminal domain to fold back on the catalytic 

domain, and 5) a C-terminal hemopexin-like domain (around 210 amino acids) required for 

collagenases to cleave triple helical interstitial collagens, containing the TIMP binding site and also 

involved in receptor binding. 

 

MMP-7 and -26 (matrilysins) consist of only the three first domains. MMP-1, -3, -8, -11, -12, -13, -

18, -19, -20, -21, -27, and -28 consist of hemopexin/vitronectin-like domains, and four-bladed ß 

propeller domains connected by a linker or hinge region. Other MMPs have these features plus a 

fibronectin-like domain of three type II repeats (MMP-2 and -9) (Wallon & Overall 1997) or a 

transmembrane region and a short cytoplasmic ’tail’ (MMP-14, -15, -16, and -24), or a 

glycosylphosphatidyl anchor (MMP-17 and -25). Membrane-type MMPs (MT-MMPs -14, -15, -16, 

and -24) have a transmembrane helix anchoring these enzymes to the cell surface, and a small 

cytoplasmic domain in their C-terminal ends (Nagase & Woessner 1999, Sternlicht & Werb 2001, 

Visse & Nagase 2003). MMP-23 is exceptional in that it has a unique cysteine-rich, proline-rich and 

IL-1 receptor type II-like domain instead of a hemopexin domain and it might initially be anchored 

by an N-terminal transmembrane domain prior to propeptide processing (Gururajan et al. 1998). 

MMPs are grouped according to their modular domain structure: collagenases, gelatinases, 

stromelysins and matrilysins, MT-MMPs, and other MMPs. The structures of MMPs are shown 

schematically in Figure 2.  

 

5.6.1. Collagenases 

Three collagenases, MMP-1, -8, and -13, share the unique ability to cleave the triple helical 

structure of native interstitial collagens I, II, III, V, IX, and XI at specific sites into characteristic ¼ 

and ¾ fragments. Type I collagen is cleaved at a specific site between Gly775-Ile776 of the α1 chains 

and Gly775-Leu776 residues of the α2 chain resulting in generation of ¾ N-terminal and ¼ C-terminal 

fragments that are denaturated into gelatin at body temperature (Birkedal-Hansen 1993). MMP-1 

prefers type III collagen and MMP-8 types I and II collagen. MMP-13 cleaves type I collagen in 

non-helical telopeptide and type II collagen more efficiently than other fibrillar collegenases  

(Knäuper et al. 1996). MMP-13 can also degrade gelatin fragments more efficiently than MMP-2 

and -9 (Knäuper et al. 1996). 

 

 

 38



MMP

7, 26ZnPro Cat S 

1, 3, 8, 10 
12, 13, 18,
19, 20, 27 

Zn HpxS Pro Cat 

 
 
Figure 2. Domain structures of MMPs. The domain organization of MMPs are as indicated: S (signal peptide), Pro 

(propeptide), Cat (catalytic domain), Zn (active-site zinc), Hpx (hemopexin domain), Fn (fibronectin domain), V 

(vitronectin insert), I (type I transmembrane domain), II (type II transmembrane domain), G (GPI anchor), Cp 

(cytoplasmic domain), Ca (cysteine array region), and Ig (IgG-like domain). A furin cleavage site is depicted as a black 

band between propeptide and catalytic domains (Modified [from Visse & Nagase 2003] with permission from © 

Lippincott Williams & Wilkins).  
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Human MMP-1 (collagenase-1, interstitial collagenase, fibroblast collagenase) was the first 

vertebrate collagenase purified as a protein and cloned as cDNA (Bauer et al. 1970). MMP-1 is 

produced as two differently glycosylated latent proenzymes, a major 52 kDa and a minor 57 kDa 

form (Wilhelm et al. 1986) that are converted to two active proteinases 42 kDa and 47 kDa in size. 

The level of MMP-1 in human tissue is normally low, and it may suddenly increase when 

disturbances occur such as in pathological conditions. MMP-1 is expressed in vitro by various cells 

such as keratinocytes, fibroblasts, endothelial cells, monocytes, macrophages, hepatocytes, 

chondrocytes, osteoblasts, and tumor cells (Birkedal-Hansen 1993, Giambernardi et al. 1998, 

Woessner & Nagase 2000). MMP-1 cleaves many substrates, such as aggrecan, collagens I, II, III, 

VII, VIII, X, XI, entactin/nidogen, fibronectin, gelatin, insulin-like growth factor-binding protein-1, 

laminin, link protein, perlecan, tenascin, and vitronectin (Hasty et al. 1987, Sternlicht & Werb 

2001), and by cleaving substrates MMP-1 may regulate the function of biologically active 

molecules by releasing them from ECM stores (Pardo & Selman 2005). MMP-1 can be activated by 

other MMPs, i.e. MMP-3, -7, and -10, but also by plasmin, kallikrein, chymase, and trypsins 

(Moilanen et al. 2003). The expression of MMP-1 is transcriptionally regulated by growth factors, 

hormones, and cytokines, and the proteolytic activity is accurately controlled through activators and 

inhibitors such as α-macroglobulins, and tissue inhibitors of MMPs (TIMPs). 

 

MMP-8 (collagenase-2, neutrophil collagenase) is synthesized by neutrophils during their 

maturation in bone marrow. It is stored in intracellular granules and released in response to 

extracellular stimuli. MMP-8 is secreted either as a latent 55 kDa unglycosylated form or as a 75 

kDa glycosylated form. Proteolytic activation reduces the mw of the active enzyme to 55-65 kDa. 

In vitro MMP-8 is produced by human chondrocytes, rheumatoid synovial fibroblasts, gingival 

fibroblasts, oral mucosal keratinocytes, and by melanoma cells (Birkedal-Hansen 1993, 

Hanemaaijer et al. 1997, Woessner & Nagase 2000, Giambernardi et al. 2001). The main substrates 

of MMP-8 are aggrecan and collagens I, II, III (Hasty et al. 1987, Sternlicht & Werb 2001). MMP-8 

can be activated by MMP-3, -10, -14, and trypsin-2 (Moilanen et al. 2003). Recently, MMP-8 was 

shown to exert anti-inflammatory and anti-cancer characteristics probably due to its ability to 

process anti-inflammatory mediators (Balbin et al. 2003, Owen et al. 2004, Gueders et al. 2005). 

 

5.6.2. Gelatinases 

The 72-kDa gelatinase/type IV collagenase (MMP-2) and the 92-kDa gelatinase/type IV 

collagenase (MMP-9) are able to degrade denatured collagens (gelatins), type IV and V collagens, 
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elastin, and proteoglycan core protein. MMP-9 is inducibly expressed while MMP-2 is generally 

constitutively expressed (Borden & Heller 1997). MMP-2 and -9 have significant differences in the 

regulation of expression, glycosylation, proenzyme activation and substrate selectivity. Gelatinases 

are required for reproduction, growth and development, leukocyte mobilization (Abraham et al. 

2005) and in inflammation and wound healing. They are also seen in pathological processes such as 

cancer, inflammation, infective diseases, degenerative diseases of the brain, and in vascular 

diseases. 

 

MMP-2 is a nonglycosylated protein originally purified from metastatic murine tumours (Liotta et 

al. 1981, Salo et al. 1983). It cleaves gelatine, type I, II, III, IV, V, VII, and X collagens, 

fibronectin, proteoglycan, elastin, IL-1β, decorin, and laminin (Collier et al. 1988, Welgus et al. 

1990, Aimes & Quigley 1995, Konttinen et al. 1998). MMP-2 is synthesized and secreted as an 

inactive 72 kDa proenzyme, which under proteolytic activation is converted to 59-62 kDa active 

forms (Salo et al. 1983). MMP-2 is produced by many cells such as fibroblasts, macrophages, 

keratinocytes, osteoblasts, chondrocytes, endothelial cells, and monocytes (Garbisa et al. 1986, Salo 

et al. 1991, Lorenzo et al. 1992, Birkedal-Hansen 1993).  

 

MMP-9 contains two N-glycosylated sites in the prodomain and the catalytic domain. MMP-9 is 

produced mostly by PMN leukocytes, but other sources are keratinocytes, monocytes, alveolar 

macrophages, cells of fibroblast lineages, and osteoclasts (Mainardi et al. 1984, Murphy et al. 1989, 

Okada et al. 1995). MMP-9 is synthesized and secreted in a latent glycosylated 92 kDa proform and 

processed to active 68-82 kDa forms (Birkedal-Hansen 1993, Sorsa et al. 1997). Active MMP-9 

cleaves gelatin, native types III, IV, V, XI, and XIV collagens, the α2 chain of type I collagen and 

type II procollagen (Okada et al. 1992).  

 

5.6.3. Stromelysins and matrilysins 

The family of stromelysins consists of stromelysin-1 (MMP-3) and stromelysin-2 (MMP-10). 

Stromelysin-3 (MMP-11) and macrophage metalloelastase (MMP-12) are included in the 

stromelysin-like MMPs because of their similarities in domain structure. MMP-3, a gene identified 

in invasive breast carcinomas (Basset et al. 1990), is believed to a play role in pathological 

conditions such as arthritis and tumor invasion (Kerkelä et al. 2001, McCawley et al. 2004). MMP-

3 is secreted as a 59/57 kDa zymogen which is proteolytically processed to the 40 and 28 kDa 

active forms. MMP-3 and -10 show broad substrate specificity by cleaving ECM proteins: BM 
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components, including fibronectin, elastin, laminin, and proteoglycan core protein. They degrade 

type III, IV, V, and IX collagens, and nonhelical NH2- and COOH-terminal peptides of type II 

collagen. MMP-3 is inducibly expressed by fibroblasts, endothelial cells, chondrocytes and cells of 

immune lineages in contrast to the constitutively expressed MMP-10. MMP-3 can activate MMP-1 

(Vincenti et al. 1996). 

 

Matrilysin-1 [MMP-7 or putative urine metalloproteinase-1 (PUMP-1)] is a 28-kDa latent and 19 

kDa active form zymogen which degrades casein, gelatins of types I, III, IV, and V, and fibronectin, 

proteoglycans, fibronectin, laminin, and elastin, and can activate collagenase (Quantin et al. 1989). 

With other MMPs, MMP-7 can act on the ECM and thereby regulate cell migration and tissue 

repair. MMP-7 is expressed by glandular and mucosal epithelial cells, salivary glands, 

keratinocytes, fibroblasts, suprabasal cells of junctional epithelium and macrophages (Woessner & 

Taplin 1988, Tervahartiala et al. 2000, Uitto et al. 2002, Burke 2004). Elevated levels of MMP-7 

are found in various tumors and cancers of the stomach, colon, lung, head, and prostate (Abramson 

et al. 1995, Nelson et al. 2000). MMP-7 mediates proteolytic release of TNF from macrophages and 

can initiate immunity by proteolytically activating pro-defensins that protect mucosa (Burke 2004). 
 

Matrilysin-2 (MMP-26, endometase), the smallest member of the MMP family, was cloned from an 

endometrial tumor and is specifically expressed in epithelial carcinomas and normal tissues. MMP-

26 in vitro degrades type IV collagen, fibronectin, fibrinogen, vitronectin, denaturated collagen 

(gelatin), α1-antitrypsin, α2-macroglobulin (Marchenko et al. 2004), and insulin-like growth factor-

binding protein 1 (Park et al. 2000). MMP-26 most effectively cleaves fibronectin and vitronectin. 

MMP-26 can activate pro-MMP-9 (Zhao et al. 2004). 

 

5.6.4. Membrane-type MMPs (MT-MMPs) 

MT-MMP cDNA was isolated from human placenta (Takino et al. 1995). Six MT-MMPs have been 

cloned, MT1-MMP (MMP-14), MT2-MMP (MMP-15), MT3-MMP (MMP-16), MT4-MMP 

(MMP-17), MT5-MMP (MMP-21) (Murphy et al. 1999), and MT6-MMP (Pei 1999). MT-MMPs 

are unique in their transmembrane domain at the C terminus and mediate activation of pro-

gelatinase A on the invasive lung carcinoma cell surface (Sato et al. 1994). MT-MMPs are activated 

intracellularly and moved to the cell surface, and degrade several ECM molecules (Visse & Nagase 

2003, Ala-aho & Kähäri 2005). MT-MMPs, mostly MT1-MMP, but not MT4-MMP, activate 

proMMP-2 and proMMP-8 (Holopainen et al. 2003). MT4- and MT6-MMPs can be classified as 
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GPI linked MMPs since they are labelled with [3H] ethanolamine, indicating the presence of a GPI 

unit (Kojima et al. 2000). 

 

5.6.5. GPI-linked MMPs 

MMP-25 (or leukolysin/MT6-MMP) is expressed in leukocytes (similar to MMP-8 and -9), lung, 

and spleen, but also in malignant tissues (Velasco et al. 2000). MMP-25 is a strong gelatinolytic 28 

kDa protein derived from a cell-associated 34 kDa proenzyme (Pei 1999). In resting neutrophils 

MMP-25 is primarily stored in gelatinase granules and secretory vesicles (Nie & Pei 2004), and it 

can be released into the extracellular milieu from neutrophils stimulated by cytokines and 

chemokines. The major substrates are collagen IV, alpha-1-proteinase inhibitor, fibronectin, 

gelatine, and fibrin. MMP-25 is suggested to be one of the primary neutrophil proteinases in the 

inflammatory response (Nie & Pei 2004), and is capable of activating proMMP-2 as are other MT-

MMPs (Nie & Pei 2003). 

 

5.6.6. Other MMPs 

The family of MMPs is growing all the time. Several MMPs are not classified to any of the above-

mentioned groups and include molecules such as MMP-19 (stromelysin-4), -20 (enamelysin), -22, -

23, -24, -27, and -28 (epilysin) (Visse & Nagase 2003).  

 

5.7. Regulation of MMPs 

The MMPs are regulated in three main ways: 1) transcriptional regulation of MMP gene expression 

and secretion by a variety of biologically active agents, 2) activation of the latent zymogen by the 

plasmin pathway, and 3) inhibition of MMP activity by the circulating general protease inhibitor 

alpha-2-macroglobulin or TIMPs. 

 

5.7.1. Transcriptional regulation of MMP expression 

The levels and expression rates of MMP and TIMPs in normal tissue are low and tightly controlled 

to maintain normal tissue function. Some MMPs, such as MMP-2 and -10, are constitutively 

expressed in vivo, while the majority seem to be inducible expressed, such as MMP-1, -3, -9, and -

13 (Borden & Heller 1997). Many pathological situations cause activation and high levels of MMP 

mRNA. MMP expression, up- or downregulation can be induced by growth factors (fibroblast -, 
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epidermal-, and vascular endothelial cell growth factors), cytokines such as IL-1α and -β, IL-8, 

TNF-α, and oncogenes. They can be suppressed by transforming growth factor β-1 (TGF-β1), 

steroid hormones (e.g. glycocorticoids), and chemical agents such as phorbol esters (Borden & 

Heller 1997, Chakraborti et al. 2003). The effects of these factors vary among different MMPs and 

in different tissues (John & Tuszynski 2001, Sternlicht & Werb 2001). Additionally, cell-matrix and 

cell-cell interactions play a key role in gene expression of matrixins. Independent of the cell surface 

molecules, the tumour promoter phorbol myristate acetate and tetradecanoyl phorbol acetate can 

increase MMP mRNA production 4-5 fold compared to TNF and ILs (Borden & Heller 1997). 

Levels of MMPs can also be regulated by gene expression, which, at least in part, occurs through 

transcription. Similarities exist among the cis-acting elements in the MMP promoters such as 

activation protein-1 (AP-1), AP-2 and pyelomavirus enhancer A-binding protein-3 (PEA3) that play 

important roles in the transcriptional activation of MMP promoters. Extracellular stimuli (e.g. 

growth factors and cytokines) stimulate MMP gene transcription through AP-1 activation and 

binding to the MMP promoter. PEA3 is needed for maximal activation of MMP-1, -3, and -9 

promoters. MMP-2 and -11 are exceptions because they lack AP-1 and PEA-3 elements. MMP-2, 

like MT-MMPs, is found to be constutively expressed and not well regulated (Benbow & 

Brinkerhoff 1997, Borden & Heller 1997, Johansson et al. 2000). MMP-8 and -9 are also 

exceptions in being stored in PMN granules, and MMP-7 in secretory epithelial cells, where 

proenzymes can be rapidly released after degranulation and synthesis, respectively. 

 

5.7.2. MMP activation 

MMPs are synthesized in latent (non-active) prepro-form, except furin-processed MMP-11, MT1-

MMP (MMP-14), MT3-MMP (MMP-16) and MMP-28 (Illman et al. 2003). MMPs are secreted as 

inactive pro-MMPs in most cases, and become activated in the pericellular environment by 

disruption of a Zn++-cysteine bond which blocks the reactivity of the active site (van Wart & 

Birkedal-Hansen 1990, Birkedal-Hansen 1993, Nagase 1997, Nagase & Woessner 1999, 

Chakraborti et al. 2003, Sorsa et al. 2004a). In addition to regulation of MMP gene transcription, 

proteolytic activation of proMMPs into their active forms is a critical step in degradation of the 

ECM and in MMP activation. MMP proteolytic activation takes place through several proteolytic 

enzymes such as serine proteinases, other MMPs, in vivo plasma proteinases, and opportunistic 

bacterial proteinases with oxidative stress (Sorsa et al. 1992, Nagase 1997, Sorsa et al. 1997b, 

Moilanen et al. 2003). In vitro MMP activation is caused by proteinases such as trypsin, cathepsin 

G, plasmin, and MMPs themselves, and also by non-proteolytic agents such as SH-reactive agents, 
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or by chemicals such as thiol-compounds, mercurial compounds (APMA), sodium dodecyl sulphate 

(SDS), by various reactive oxygen species, and denaturants (Nagase & Woessner 1999). One of the 

well-known activation pathways is the interaction between the MT-MMPs and MMP-2 through 

Golgi-associated furin-like proteases (Sato et al. 1997). 
 

5.7.3 MMP inhibition 

Proteolytic activities of MMPs are inhibited by nonspecific protease inhibitors, such as α2-

macroglobulin and α1-antiprotease, and by specific inhibitors of the metalloproteinases (TIMPs).  

MMPs are inhibited by various chemical synthetic agents such as synthetic active-site directed 

MMP inhibitors, tetracycline-derivatives and bisphosphonates (Sorsa et al. 1998, Teronen et al. 

1999, Hidalgo & Eckhardt 2001).  

 

5.7.3.1. TIMPs 

The TIMPs (21-30 kDa) are specific protein inhibitors with different glycosylation variations that 

regulate the activities of secreted MMPs. TIMPs are the major endogenous regulators of MMP 

activities in tissues. Four homologous forms have been detected: TIMP-1, -2, -3, and -4 (Butler et 

al. 1997, Gomez et al. 1997). These proteins regulate MMP activity by inhibiting active MMP 

forms during tissue remodelling. TIMPs bind with their C-terminal region to the zinc-binding C-

terminal region of MMPs (Johansson et al. 2000, Chakraborti et al. 2003). Similar to MMPs, 

TIMPs also are regulated by cytokines, especially IL-1, growth factors and hormones, such as TGF-

β, and by the products of monocytes/macrophages (Reynolds 1996). TIMP-1 (28.5 kDa) and TIMP-

2 (nonglycosylated, 21 kDa) are secreted by many cell types in culture and can be detected in body 

fluids and tissue extracts. TIMP-1 is mostly found in connective tissue cells and macrophages 

(Reynolds 1996). TIMP-3 is unique in that it appears to be a component of the ECM and occurs in 

relatively small amounts, possibly being expressed during specific cellular events. Despite basic 

similarities each TIMP has specific roles in vivo, based on the fact that their structures are different, 

as are their expression patterns and biochemical properties. TIMPs are secreted proteins, being 

associated with membrane-bound proteins on the cell surface such as TIMPs-2, -3, and -4 with MT-

MMP (MMP-14). TIMP-2 has a high affinity for MMP-2 and it inhibits most MMPs, whereas 

TIMP-1 preferentially binds to MMP-9, an ability TIMP-2 lacks. TIMP-1 inhibits most MMPs 

except MMP-19. TIMP-3 inhibits MMP-1, -2, -9, -13 and TIMP-4 MMP-2, -9, and -7 (Wojtowicz-

Praga et al. 1997, Johansson et al. 2000, Chakraborti et al. 2003).  
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The expression and activation of MMPs are increased in almost all human cancers, MMP-2 in 

breast carcinoma being an unfavourable prognostic marker (Leppä et al. 2004). In addition, high 

TIMP-1 levels are associated with a worse prognosis but are not the cause of cancer (Stamenkovic 

2000). Therefore, TIMP-1 in vitro and synthetic inhibitors selectively inhibiting gelatinases have 

important roles in vitro and in vivo in inhibiting malignancies (Stamenkovic 2000). High molecular 

weight or complex forms (20-100 kDa) of TIMP-1 and -2 have been detected in saliva of HIV-

positive patients by Western blotting (Salo et al. 1994). 

 

5.8. HIV infection and MMPs 

In vitro HIV-1 infection of T cells and monocytes increase the secretion of MMP-9 and the ability 

of these cells to traverse artificial BM barriers (Dhawan et al. 1992, Weeks 1998). MMPs may be 

central in the pathogenesis of HIV-induced neurotoxicity. HIV-1 infected brain macrophages 

express HIV-1 transactivating protein, Tat, the potential neurotoxin implicated in the development 

of HIV-associated dementia, and exhibit elevated MMP-2 and -7 release and activation (Johnston et 

al. 2001). HIV-associated neurological disorders can be affected by MMPs released from glial cells. 

Increased levels of MMP-2, -7, and -9 are found in cerebrospinal fluid in HIV infected patients 

(Sporer et al. 1998, Conant et al. 1999, Liuzzi et al. 2000), and MMP-9 in HIV-associated 

nephropathy (Ahuja et al. 2003). MMP-9 levels have been shown to be decreased by HIV protease 

inhibitors [AZT, indinavir (IDV)] in experimental treatment of neurological disorders in which the 

inhibition of MMP expression may have clinical benefits (Liuzzi et al. 2004). MMP-2 activation is 

inhibited by IDV or saquinavir in Kaposi’s sarcoma (Barillari et al. 2003). Overproduction of 

MMP-2 in the infected brain of HIV-positive patients originating from activated macrophages and 

microglia has been reported (Leveque et al. 2004). In gingival tissue with chronic marginal 

periodontitis, MMP-1, -2, and -8 were found to be expressed in significantly higher proportions in 

mast cells in HIV-positive patients than in HIV-negative subjects (Naesse et al. 2003). 
 

The MMPs in saliva of HIV-positive patients had not been widely studied at the time of this study. 

Only one study existed where salivary and GCF samples of ten HIV-positive patients had been 

found to contain increased collagenase and gelatinase activities (Salo et al. 1994). The lack of 

knowledge of the influence of HIV infection on salivary or periodontal tissue MMPs and their 

connection to the periodontal health of these patients prompted this series of studies. 
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6. AIMS OF THE STUDY 

The aim of this follow-up study was to evaluate the influence of HIV infection on the periodontal 

condition. This investigation was based on the working hypothesis that HIV infection changes local 

host response mechanisms against periodontal disease. This hypothesis was tested by setting the 

following specific aims for the thesis: 

 

I. To study the levels of MMPs, TIMPs, MPO, and collegenolytic activities in HIV-positive 

patient saliva compared with healthy controls based on the hypothesis that alterations caused 

by HIV infection could influence salivary expression and levels of MMPs and other studied 

parameters.  

 

II. To examine the periodontal condition based on clinical and radiological documentation 

including microbiological evaluation by conventional culture of the periodontopathogens, 

A.a., P.g., P.i., P.m., and C.r, and further A.a., P.g., P.i., and Tannerella forsythensis (T.f.) 

(earlier name: Bacteroides forsythus [B.f.]), by polymerase chain reaction (PCR). 

 

III. To analyse in a two-year follow-up study salivary total protein, albumin, and 

immunoglobulins A, -G, and -M concentrations in HIV-positive patients and healthy controls. 

It was hypothesized that the progression of HIV infection increases the concentration of the 

biochemical constituents of saliva due to serum component leakage into the mouth.  

 

IV. To study expression of MMP-7, -8, -9, -25, and -26 in gingival tissues based on the previous 

findings of alterations in MMP expression and levels in saliva of HIV-positive patients when 

compared with healthy controls. Additionally, the levels and molecular forms of MMP-7, -25, 

and -26 in the salivary samples from HIV-positive patients and controls.  
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7. MATERIAL AND METHODS 

7.1. Reagents 

The reagents used are specified in the original articles, which form the basis of the thesis. 

 

7.2. Patients, controls, and clinical diagnoses 

7.2.1. HIV infected patients (I, II, III, IV) 

56 HIV-seropositive patients (10 females and 46 males) ranging from 23-68 years of age and 

visiting the Aurora Hospital Dental Clinic, Helsinki, Finland, were enrolled to the study. Patients 

were divided into four categories according to the WHO classification of HIV infection: ASX-, 

LAS-, ARC-, and AIDS-phases. One of the patients had diabetes and one lupus erythomatosus 

disseminatus. Of the patients, 29 were taking various retroviral drugs (20 were on AZT, 4 were on 

ddI, 5 were on ddC and 1 received intravenous foscarnet). 14 patients received various anti-fungal 

medications; 10 patients received pentamidin-inhalation against Pneumocystis carinii pneumonia; 6 

patients received psychopharmatics; 10 patients received various antibiotics (cephalosporins, 

trimethoprim-sulfamethoxazole, anti-mycobacterial medication, rifampicin, ethambutol). Patients 

were taking these medications at the time of research. The drugs used for medication of HIV-

infected patients should not affect catalytic activities of MMPs and myeloperoxidase. 14 patients 

received no medication at the time of the investigation. 

 

After a two-year follow-up, 34 patients were re-examined; 5 females and 29 males, mean age 

41.1±11.0 years, range 31-70 years. 22 of the baseline patients were droped-out of re-examination 

because of mortality or patients were out of reach or they had lack of interest. Patients were 

examined at the Aurora Hospital. After two years 1 patient had developed non-Hodgkin lymphoma. 

19 patients received various retroviral medications in different combinations, but not the 

combinations of HAART therapy of today. 3 were on AZT, 7 were on ddC and 1 patient received 

AZT+ddI, and 1 AZT+ddC. 7 patients received the following interval medications in different 

combinations: ddI+ddC+AZT, ddI+ddC+d4T (stavudine), ddi+ddC, AZT+ddC, AZT + ddI. The 

therapy interval for each drug varied from 2-4 weeks in these cases. 3 patients in the AIDS phase 

received six different antibiotics (clarithromycin, rifampicin, ethambutol, ciprofloxacin, 

trimethoprim, ofloxacin in different combinations). 1 received cytostatics. Only 1 patient received 

anti-fungal medication. 4 patients received psychopharmatics, and 4 received filgrastim for 
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neutropenia. 2 received HIV protease inhibitors. 1 patient received progestin, 1 folic acid, and 1 the 

anti-coagulant warfarin. 9 patients received pentamidin inhalations. Only 9 patients were not taking 

medication at the time of the follow-up examination.  

 

7.2.2. Controls (I, II, III) 

Samples from 10 age-matched control patients (5 females, 5 males) ranging from 27-58 years of age 

were examined at the Helsinki City Health Department Dental Clinic where they had come for 

treatment. All patients were HIV-negative and healthy and were not taking any medication (I, II).  

 

For the follow-up study, healthy HIV-negative controls (28 females and 25 males) of matching age 

were recruited to the study. Mean age and SD was 40±12 years (range 24-67 years) and the subjects 

took no medication. The reference group was recruited from the Institute of Dentistry, University of 

Helsinki, Finland, and they represented the same population base as the patients (III). 

 

7.2.3 Clinical periodontal diagnosis (I, II, III) 

Clinical documentation of the periodontal status of HIV-positive patients and healthy controls was 

based on and judged from standard measurements of pocket probing depths (PPD) for all teeth, 

radiographic bone loss, VPI, BOP and RC (Ainamo & Bay, 1975) (I, II, III). In the follow-up study, 

the clinical examination of the controls was based on the community periodontal index of treatment 

needs (CPITN) (III). Radiological attachment loss was estimated by detecting alveolar bone level 

changes exceeding 2 mm from the CEJ with a transparent millimetre scale ruler from panoramic 

radiographs according to Nieminen et al. (1995) (I, II, III). The microbiological examination 

(putative periodontopathogenic bacteria and Candida) of pooled subgingival samples collected from 

the 6 deepest (> 4 mm) periodontitis pockets/index teeth were carried out as described by Nieminen 

et al. (1995) at the Oral Diagnostic Microbiology Laboratory, Institute of Dentistry, University of 

Helsinki, Helsinki, Finland. 

 

7.2.4. Ethical permission 

Study protocols were carried out according to the Declaration of Helsinki, and with the approval of 

the ethics committee of the Institute of Dentistry, University of Helsinki, Finland and the ethics 

committee of the Helsinki City Health Department, Finland. All patients included in the study gave 

informed consent. 
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7.3. Sample collection 

7.3.1. Saliva samples (I, II, III, IV) 

Approximately 5 ml of whole paraffin-wax-stimulated saliva was collected and measured from the 

56 HIV-positive patients and control subjects. Subjects first rinsed their mouths thoroughly with 

water and chewed a piece of paraffin wax. Salivary samples were immediately frozen and kept at -

20°C until assayed (Uitto et al. 1990, Ingman et al. 1993).  

 

7.3.2. Tissue specimens (IV) 

Clinically healthy gingival tissue specimens were taken from 11 HIV-positive patients (mean 

age±SD 33.8±7.8 years; 9 males, 2 females) during routine wisdom tooth extractions. During the 

time of biopsy clinical classification of HIV infection (according to the WHO classification) was 

LAS in 9 patients, ARC in 1 patient, and AIDS in 1 patient. The preceding and also actual 

antiretroviral therapy was mainly with nucleosideanalogues, none had HAART of today. Of the 

patients in LAS-phase 6 had no antiretroviral therapy, 1 patient had a combination of AZT and ddC 

for the two months before biopsy, 1 patient had AZT for 3 years first, then ddC for one year and, 

finally for two months a combination of 3TC (lamivudine) and SQV (saquinavir). One patient had a 

combination of AZT and 3TC for 2 years and one month. The patient in the ARC-phase had for 3 

years and 7 months first monotherapy with AZT, then for 7 months combined with ddC, and for the 

last 2 months a combination of AZT and SQV. The patient in the AIDS-phase had for the first 2½ 

years a combination of AZT and ddC, then monotherapy with d4T for 14 months, and for the last 2 

months a combination of d4T and 3TC. 

 

Clinically healthy tissue specimens from 10 control patients (mean age±SD 21.3±4.8 years, 2 

males, 8 females) were also collected during routine wisdom tooth extractions. Specimens were 

immediately placed in neutral buffered 10% formalin and embedded in paraffin. 

 

7.4.  Immunological methods 

7.4.1. Western immunoblotting (I, II, IV) 

The presence and molecular forms of MMP-1, -2, -3, -7, -8, -9, -25, and -26 (I, II, IV) and their 

inhibitors TIMP-1 (II) and -2 (II) in salivary samples were characterized by Western blotting. The 
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sources of specific antibodies are listed in the original publications (I, II, IV). Briefly, the samples 

were treated with Laemmli buffer, pH 6.8, without reductant, but containing 5 mM dithiothreitol 

(DTT) in study I, and boiled for 5 min at 100°C before application to 8-10 % polyacrylamide gels. 

After electrophoresis, the proteins in the gels were electrotransferred onto nitrocellulose membranes 

(Bio-Rad, Richmond, CA, USA). Gelatin (3%) was used to block nonspecific binding sites on the 

nitrocellulose membrane. The membranes were incubated with primary antibodies (1:500–1:1000) 

overnight, and then with secondary alkaline phosphatase-conjugated goat anti-rabbit IgG antibody 

for 1 h (I, II). The immunoblots were visualised by addition of Nitro blue tetrazolium (NBT) and 5-

bromo-4-chloro-3-indolyl-phosphate (BCIP). Prestained SDS-PAGE Standards (Bio-Rad, 

Richmond, CA, USA) served as low range molecular weight markers. All incubations were carried 

out at 20°C and the membranes were washed 4-6 x 15 min in Tris-HCl buffer containing 22mM 

NaCl and 0.05% Triton X-100 (TTBS, pH 8.0) between each step. The secondary antibody did not 

react with the bands detected by Western blotting.  

 

The methods to detect the presence and molecular forms of MMP-7, -25, and -26 (IV) were 

modified from Mellanen et al. (1996, 1998) (I, II) using ECL Western blotting kits according to 

protocols recommended by the manufacturer (Amersham Pharmacia Biotech, Piscataway, NJ, 

USA). For MMP-7, -25, and -26 secondary antibody was linked with horseradish peroxidase. 

Immunoblots were analysed and quantified using a Model GS-700 Imaging Densitometer, with the 

Molecular Analyst® program with correction for background values. 

 

7.4.2 Dot blotting (I) 

For the nonisotopic identification of MPO in the saliva samples the Aurora™ Western Blot 

Chemiluminescent Detection System kit (ICN Biomedicals, Inc., Costa Mesa, CA, USA) was used 

according to protocols recommended by the manufacturer. 

 

7.4.3. Enzyme-linked immunosorbent assay (ELISA) (III, IV) 

7.4.3.1. Immunoglobulins (III) 

Immunoglobulins IgA, IgG, and IgM were analysed by modified ELISA assays according to 

Lehtonen et al. (1984). The antibodies used for the catching layer were rabbit anti-human IgG (or 

IgA or IgM, Dako A/S, Glostrup, Denmark) and the secondary antibodies were peroxidase-

conjugated rabbit anti-human IgG (or IgA or IgM, Dako A/S). The immunoglobulin concentrations 
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were calculated from the control curve of the human serum standard with known amounts of IgA, 

IgG, and IgM (Behringwerke AG, Marburg, Germany). All determinations were carried out as 

duplicates immediately after thawing, and standards and controls were included in all.  

 

7.4.3.2. MMP-8, -9, and TIMP-1 (IV) 

Levels of MMPs in saliva samples were measured using ELISA kits as recommended by the 

manufacturer. The ELISA kits for MMP-8 and -9 were Quatikine® and for TIMP-1 the DuoSet® 

ELISA Development System (R & D Systems Inc, Minneapolis, MN, USA). 

 

7.4.4. Immunohistochemical staining (IV) 

Immunhistochemical analyses were performed using Vectastain Rabbit ABC Elite Kits (Vector 

Laboratories, Burlinggame, CA). Briefly, formalin-fixed paraffin sections (IV) were deparaffinized 

and hydrated. Then sections were treated with 0.3% H2O2 and blocked with 1% bovine serum 

albumin (BSA) in 10mM phosphate buffer saline (PBS, pH 7.4). The sections were incubated with 

primary antibodies overnight at 4°C and after that the immunohistochemical assays were performed 

following the manufacturer’s directions. Immunoreactivity was visualized by incubating tissue 

sections in 3-amino-9-ethylcarbazole (AEC) solution. All incubations were performed at room 

temperature and slides were washed three times in PBS between each step. Counter staining was 

with Mayer’s hematoxylin.  

 

7.4.5. Double staining (IV) 

Double staining was performed after single staining using the Vectastain ABC KIT Elite Mouse 

IgG (Vector Laboratories, Inc. Burlingame, CA, USA). The process continued immediately after 

single staining as described above. After incubating with AEC, sections were incubated with normal 

horse serum for 30 min, and then replaced and incubated with CD43 monoclonal mouse anti-human 

antibody (Dako A/S, Glostrup, Denmark), CD45 monoclonal mouse IgG antibody (Santa Cruz 

Biotechnology, Santa Cruz, CA, USA), or CD68/macrophage Ab-3 (Clone KP1) monoclonal mouse 

anti-human antibody (NeoMarkers, Fremont, CA, USA). After washing the sections were incubated 

with anti-mouse IgG, and after that the sections were incubated with avidin-biotin-peroxidase 

complex (in PBS; Vector Laboratories) for 30 min at 37°C in a humid chamber, then the sections 

were washed and counterstained with Vector SG color. The sections were briefly rinsed with tap 

water, dipped for 1 s in Mayer haematoxylin, rinsed and mounted as in single staining. Negative 
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control sections were processed using an identical protocol to that described above, but replacing 

the primary antibody with mouse IgG (Vector Laboratories).  

 

7.4.6 Semiquantitative analysis of immunohistochemistry (IV) 

The immunoreactivities of MMP-7, -25, and -26 and cell markers CD43, -45, and -68 were semi-

quantified into four degrees (0, none; +, mild; ++, moderate; +++, abundant). 

 

7.5. Functional assays  

7.5.1. Assay for interstitial collagenase activity (I) 

For the analysis of interstitial collegenase activities, the salivary samples were incubated with native 

soluble 1.5 µM type I collagen at 20°C for 48 h with and without 1 mM 4-aminophenylmercuric 

acetate (APMA), an optimal organomercurial activator of interstitial collagenases (Konttinen et al. 

1991, Sorsa 1987b). Incubations were stopped by addition of Laemmli´s sample buffer containing 

40 mM ethylenediamine tetra-acetic acid (EDTA), followed by immediate heating at 100°C for 5 

min. Subsequently, the degradation products were separated by SDS-PAGE in 10% cross-linked 

gels (Konttinen et al. 1991, Sorsa 1987b). The gels were stained with Coomassie brilliant blue and 

destained in 5% acetic acid-10% methanol in water (v/v). The destained gels were quantified by 

densitometric scanning using an LKB Ultrascan Laser Desintometric model 2202 (LKB Produkter, 

Bromma, Sweden). The values representing αA-chains were multiplied by 4/3 and their proportion 

of total collagen in the sample was used as a measurement of collagenase activity, expressed as 

nmol type I collagen degraded per min. 

 

7.5.2. Assay of gelatinases by zymography (II) 

Gelatinases in salivary samples were analysed using zymographic techniques with 8-10% SDS-

PAGE gels containing 1 mg/mL gelatin as substrate. As molecular weight markers, the standard 

lane was loaded with low range Prestained SDS-PAGE standards (Bio-Rad, Richmond, CA, 

USA). After electrophoresis, the gels were washed for 30 min in 50 mmol Tris-HCl, 2.5% 

Tween 80 and 0.02% (v/v) NaN3, pH 7.5, then for 30 min with the same buffer supplemented 

with 1 mmol/L ZnCl2 and 5 mmol/L CaCl2, 0.02% NaN3, pH 7.5, at 37°C. Finally, the gels 

were incubated overnight in 50mM Tris-HCl, 5 mM CaCl2, 1µΜ ZnCl2, 0.02% NaN3 , pH 7.5, 
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at 37°C for 24 h. Reactions were stopped by staining with Coomassie Brilliant Blue R250. The 

gelatinolytic activities were analysed as clear bands against the blue background. 

 

7.5.3. Gelatinolytic activity measurement (II) 

Gelatinolytic activity in salivary samples was assayed using radioactive type I gelatine (125I-

labelled 1.5 µmol/L gelatine) as a substrate. Salivary samples (20 µg protein) with and without 

1 mmol/L APMA- and DTT-treatments were incubated with 125I-labelled gelatin for 1 h at 

37°C. The undegraded gelatin was precipitated with 20% trichloracetic acid (TCA). The 

supernatants were determined by a gamma scintillation counter. Purified type IV colla-

genases/gelatinases (72 kDa MMP-2 and 92 kDa MMP-9) served as controls. 

 

7.6. Total protein and albumin analyses (III) 

Total protein was measured by the colorimetric Lowry method. Albumin was analysed according to 

Webster et al. (1977). All determinations were carried out as duplicates immediately after thawing, 

and standards and controls were included in all.  

 

7.7. PCR analysis (III) 

The presence of A.a., P.g., P.i., and T.f. were analysed using PCR methods according to Wahlfors et 

al. (1995) and Meurman et al. (1997a). A.a. and P.g. were analysed together in multiplex PCR 

assays, while other bacteria were detected in separate PCR runs. In brief, after thawing the samples 

were centrifuged at 2100 x g for 1 min, and 5 µl aliquots of the supernatants were added to the PCR 

reaction mixtures. The hot start protocol was used to improve the specificity of the PCR process. 

 
 
7.8. Statistical analysis 

Statistical differences were analysed between patients and the reference group, between baseline 

and results after two years, and with regard to the phase of the patient’s disease. Chi-square tests 

(III) and Student’s t-tests (I, II, III, IV) were used. Significance was set at the p<0.05 level. The 

differences between molar ratios were tested by Levene’s test for equality of differences (IV).  
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8. Results 

8.1. Clinical and microbiological results of the HIV infected patients and the 
healthy controls (I, III) 
 
Clinical parameters (VPI, BOP and RC) and the number of deep periodontal pockets (> 6 mm) were 

significantly increased (p<0.05) in the HIV-positive patients when compared to the controls. 

Controls had only a few shallow 4-5 mm periodontal pockets. The results clearly showed that the 

HIV-positive patients had a tendency to develop periodontitis. Basic characteristics and clinical 

findings of HIV-infected patients and control subjects are given in Table 1. 

 

All periodontopathogens assessed, namely A.a., P.g., P.i., P.m., C.r., and T.f., were present in the 

periodontal pockets of HIV-positive patients (I, III). The detection was lowest among the AIDS 

patients. However, the relative numbers of C. albicans increased with the severity of HIV infection 

(I). The principal periodontal pathogens A.a. and P.g. were not found in periodontal pockets of 

healthy controls detected by conventional culture (I), but A.a. and/or P.g. were detected by PCR 

(III). 
 

8.2. Salivary collagenase activity (I) 

Salivary collagenase activities were slightly but not significantly increased in all phases of HIV 

infection relative to the controls. Collagenase was in the endogenously active form in the HIV-

positive and control groups and there was no evidence of bacterial-type collagenase activities. 

 

8.3. Western blot analyses of MMP-1, -3, and -8 and amounts of MPO (I)  

Immunoreactivities to pro- and active forms of MMP-1 (53-55 kDa pro- and 43-45 kDa active 

forms), -3 (55-57 kDa pro- and 45-47 kDa active forms), and -8 (75 kDa latent-, 60-65 kDa 

activated-, and 40-50 kDa species) were detected in all the salivary samples of HIV-positive 

patients. Healthy controls showed only slight or lesser immunoreactivities for MMP-1 and -8, while 

the presence of pro- and active forms of MMP-3 was clear. The amount of MPO was distinctly, but 

not significantly, increased in the HIV-positive patients when compared with controls and it 

increased with the severity of HIV infection. 
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Table 1 Basic characteristics and clinical findings in HIV-infected patients and control subjects at 

baseline (I, II) and in two-year follow-up study (III). 

 
Baseline study (I, II)  

 
 HIV+ patients (III) Control subjects 
   

Men (46) Women (10) Men (5) Women (5) 
     
     
Mean number of teeth (±SD) 25.8 ± 3.7     27.8 ± 0.4     25.8 ± 3.9     26.8 ±1.3 
Mean saliva flow rate (±SD)  2.1 ± 1.0  1.9 ± 0.9 2.9 ± 0.8   2.5 ± 0.8 
VPI%   49.9 ± 22.5  55.4 ± 21.3 39.2 ± 15.8   25.8 ± 12.3 
RC%                                          18.6 ± 22 .2   9.2 ± 14.0     12.9 ± 4.8  4.2 ± 4.2 
BOP%   31.6 ± 23.2     25.4 ± 8.2     21.9 ± 8.7  9.3 ± 5.9 
Mean PPD 4-5 mm (±SD) 9.6 ± 9.2 4.2 ± 5.9 1.9 ± 1.4  3.9 ± 2.0 
Mean PPD >6mm (±SD)          0.7 ± 1.1 0.2 ± 0.4 0.0 0.0 
     

 
   

 
 Follow-up study (III)
 
 HIV+ patients  Control subjects 
   

Men (29) Women (5) Men (25) Women (28) 
 
     
Mean number of teeth (±SD) 25.6 ± 4.3     27.8 ± 0.4 26.2 ± 4.4 27.3 ± 1.5 
Mean saliva flow rate (±SD)  2.7 ± 1.0  2.4 ± 1.6   2.0 ± 0.8   1.5 ± 0.8 
VPI%   53.4 ± 26.4 38.3 ± 15.1   
RC%                                           19.2 ± 22.4   8.3 ± 16.4   
BOP%   19.3 ± 16.2     15.8 ± 4.2   
Mean PPD 4-5 mm (±SD) 4.4 ± 6.2  1.9 ± 3.6   
Mean PPD >6mm (±SD)            0.4 ± 1.1  0.4 ± 0.9   
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8.4. Western blot analysis of MMP-2 and -9 and TIMP-1 and -2 (II) 

The salivary samples of the HIV-positive patients showed distinct immunoreactivities of both pro- 

and active forms of MMP-2, -9, TIMP-1, and -2. ProMMP-2 was mainly converted to the 66 kDa 

active form and MMP-9 was found to exist mainly in polymeric 200 kDa, 130 kDa, and 92 kDa 

full-size forms, and processed and activated 40-82 kDa forms. TIMP-1 and -2 were present in 

polymeric, monomeric and degraded species. The saliva samples of controls showed only slight or 

clearly lesser immunoreactivities for proMMP-2, -9, TIMP-1, and -2. 

 

8.5. Gelatinase and gelatinolytic activities (II) 

Gelatinase activities, expressed as 125I-labelled gelatine degraded, were significantly higher in HIV-

positive patient salivary samples independent of the stage of HIV infection. The gelatinolytic 

activity study made by zymography showed that APMA, the optimal organomercurial activator, 

slightly activated the control samples while activity in the HIV-positive patients samples was 

slightly decreased, indicating that in salivary samples of HIV-positive patients gelatinase was 

endogenously activated. 

 

8.6. Immunohistochemical findings of MMPs in gingival tissue (IV) 

8.6.1. MMP-8 

There was a strong detectable staining reaction of MMP-8 in neutrophilic leukocytes in the 

connective tissue in 3/11 (27%) HIV-positive patients and it was detectable in 2/10 (20%) control 

subjects gingival tissue samples. MMP-8 positive neutrophils in the gingival tissue samples of HIV-

positive patients were found in both the oral- and in the sulcular epithelium, while in controls 

MMP-8 positive neutrophilic leukocytes were detected only in the oral epithelium. MMP-8 

immunoreactivity could be found in one HIV-positive patient’s subepithelial BM and also in 

gingival fibroblasts in the connective tissue of one HIV-positive patient and in a periodontal tissue 

sample of one control subject.  

 

8.6.2. MMP-9 

In 6/11 (55%) HIV-positive patients and 2/10 (20%) control subjects tissue samples there was 

positive immunoreactivity for MMP-9. HIV-positive patient samples showed strong 

immunoreactivity in PMN leukocytes in subepithelial connective tissue but it was also clear in the 

 57



control samples. Infiltrating cells with MMP-9 immunoreactivity were clearly seen in the oral- and 

in the sulcular epithelial cells of the HIV-positive patients but lacking in the sulcular epithelium of 

control patients. MMP-9 immunoreactivity was seen in the perivascular area of the HIV-positive 

patients.  

 

8.6.3. MMP-7  

Staining reactions were found in 9/11 (82%) of the HIV-positive patients and in all the control 

samples and was clearly seen in the endothelial cells, keratinocytes, fibroblasts and in cells of the 

lymphocyte lineages (i.e. plasma cells, lymphocytes, and macrophages), being slightly stronger in 

the control samples.  

 

8.6.4. MMP-25  

Staining reactions were found in 10/11 (91%) of the HIV-positive patients and in 9/10 (90%) of the 

control samples. Staining was stronger in cells of the lymphocyte lineage of the HIV-positive 

patients but in the endothelial cells the staining was stronger in the control samples. In some 

fibroblasts the MMP-25 staining was similar in both groups. MMP-25 was found in BM of the 

HIV-positive patients samples. 

 

8.6.5. MMP-26  

In HIV-positive patients and control samples MMP-26 was strongly detected in connective tissue 

collagen fibers in all the samples. In samples of HIV-positive patients MMP-26 was seen in the 

proliferating parts of the oral epithelium (basal cell layer and suprabasal keratinocytes) and in 

endothelial cells. 

 
 
8.7. Double staining with CD43, -45, and -68 (IV) 

8.7.1. Double staining with MMP-8 and CD43, -45, and -68 (IV) 

All three cell-markers were detected in connective tissue of the HIV-positive patients and in control 

samples. CD45 was detected at lower density. CD43 and -68 markers were both detected in oral and 

sulcular epithelium of the HIV-positive patient samples, but only in the oral epithelium of the 

control samples. CD43 and -68 were occasionally detected in the same cells simultaneously with 

MMP-8. CD45 was detected without MMP-8 detection. 
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8.7.2. Double staining with MMP-9 and CD43, -45, and -68 (IV) 

All three cell-markers were detected in connective tissue of HIV-positive patients and control 

samples. CD45 was detected at lower density. CD43, -45 and -68 were detected in sulcular 

epithelium in samples of HIV-positive patients. CD43 detection was strongest. In the oral 

epithelium CD43 was detected in both the HIV-positive patients and control sections, but CD68 

only in the HIV-positive patient samples. CD68, like CD43, was occasionally detected 

simultaneously with MMP-9 immunoreactivity only in HIV-positive patient samples. CD45 was 

detected without MMP-9 detection. 

 

8.8. Western blot analysis of MMP-7, -25, and -26 in saliva of HIV-positive 
patients and healthy controls (IV) 
 
The total level of MMP-7 was significantly elevated in the ASX-phase (p<0.005) and lower in the 

LAS-phase (p<0.0001) when compared with the controls. However, the greater difference was in 

the molecular forms, dimeric forms being prominent and statistically significantly elevated 

(p<0.005, 0.0001) in the salivary samples of HIV-positive patients. Controls had statistically higher 

levels of pro forms when compared with the ARC- and AIDS-phases. 

 

Controls and ARC- and AIDS-phase patients had all the MMP-25 molecular forms in their salivary 

samples: complex (> 60 kDa), pro (50 kDa), active (40 kDa) forms, and their fragments (25-35 

kDa). ASX- and LAS-phase patients had low levels or lacked the active forms and fragments, 

respectively. Also ARC- and AIDS-phase patients had low levels of active forms. All HIV-positive 

patients had pro form immunoreactivities. Controls showed mainly immunoreactivities of complex- 

and active-forms, although levels of the complex forms were statistically significantly lower only in 

the AIDS-phase (p<0.05) and active forms significantly lower in the LAS- and ARC-phases 

(p<0.005, p<0.05, respectively).  

 

Only ARC-phase patients had all molecular forms of MMP-26. HIV-positive patients contained 

higher levels of total MMP-26 in the LAS- (p<0.05) and the AIDS-phases (p<0.005) when 

compared with controls. In controls the molecular forms were mostly in the 19-20 kDa active forms 

and the levels were statistically significantly higher (p<0.0001) only when compared the LAS-

phase. Also the levels of pro- and fragment forms in the LAS- and ARC-phases were statistically 

significantly lower when compared with controls (p<0.0001, p<0.05, respectively). In HIV-positive 

patients the molecular forms were mostly in complex and 40-50 kDa dimeric species while dimeric 
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species could not be seen in controls. The levels of dimeric species were statistically higher in all 

the HIV-phases except in LAS-phase (p<0.0001). Complex forms were also significantly increased 

in the AIDS-phase when compared with controls. 

 

8.9. ELISA analysis of salivary levels of MMP-8 and -9 and TIMP-1 (IV) 

MMP-8 levels were statistically significantly elevated only in the AIDS-phase (p<0.05). MMP-9 

levels were not statistically significantly higher in comparison to the controls. The total levels of 

TIMP-1, also in the LAS- and ARC-phases, were statistically significantly lower when compared 

with the controls. MMP-8/TIMP-1 and MMP-9/TIMP-1 molar ratios were higher in all phases of 

HIV infection in relation to controls.  

 

8.10. PCR analysis of the periodontopathogens (III) 

A.a., P.g., P.i., and T.f. were analysed using PCR methods in the two-year follow-up study. Only 

two species were detected significantly more often in HIV-positive patients than in controls: P.g. 

(p< 0.05) and T.f. (p<0.0001) at the LAS-phase of the follow-up group. 
 

8.11. Salivary total protein, albumin, and IgA, IgG, and IgM concentrations (III) 

Salivary values of total protein, albumin and IgA, IgG, and IgM concentrations were markedly 

higher in the HIV-positive patients when compared to the controls in both the baseline and follow-

up samples, except IgM concentrations which were not statistically higher at the follow-up. Salivary 

total protein, IgG and IgM concentrations showed a tendency to increase with the severity of HIV 

infection at baseline. Salivary flow rates were higher in all phases of HIV infection, except at the 

baseline in patients of the ASX-, ARC-, and AIDS-phases. 
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9. DISCUSSION 

It is generally believed that both gingivitis and periodontitis are caused by bacteria colonizing the 

tooth surfaces, and that the major mechanisms of loss of periodontal support structures are initiated 

by bacteria and influenced by exogenous factors such as tobacco smoking and endogenous factors 

such as host response factors in systemic diseases, for example diabetes. In normal tissues only low 

levels of MMP activity are detected because MMPs are tightly regulated at transcriptional and 

secretion levels (Nagase 1997). Increased levels of various MMPs such as MMP-8 and -9 are 

typical findings in salivary/mouthrinse and GCF samples and also in gingival tissue samples from 

periodontitis patients (Ingman et al. 1993, 1996; Sorsa et al. 1990, 2004a, b).  

 

HIV infected human lymphocytes secrete increased levels of human 92-kDa type IV collagenase 

when compared with uninfected lymphocytes (Weeks et al. 1993). Salivary and GCF samples of 

HIV-positive patients have increased collagenase and gelatinase activities (Salo et al. 1994). With 

this background we set out to study the oral health of HIV-positive patients focusing on clinical and 

microbiological periodontal status, as well as levels of salivary albumin, total protein, IgA, IgG, and 

IgM, and the existence, levels and molecular forms of MMPs and their endogenous inhibitors 

(TIMPs) in salivary and gingival tissue samples. The results were compared with those of HIV-

negative Finnish adults. 

 

9.1. Clinical and microbiological periodontal status of HIV-positive patients (I, 
III) 
 
The prevalence of chronic periodontitis in HIV-positive patients has been shown to vary 

considerably, from 5-69% (rewied by Holmstrup & Westergaard 1998), compared to the prevalence 

in healthy controls with figures suggested to be probably less than 10 or 15% (Papapanou 1996). 

Other studies have also revealed the prevalence of periodontitis in HIV-positive patients to vary 

from 0-91%, which indicates the difficulties of applying clinical criteria to periodontal diagnosis 

among HIV-positive patients (Smith et al. 1995). Different diagnostic criteria for HIV-positive 

patients’ periodontal disease and patient selection also make comparison of the results from 

different studies difficult.  

 

In the present study, HIV-positive patients had only a few deep > 6 mm periodontal pockets. PPDs 

were statistically significantly deeper in all stages of HIV infection (p<0.05) when compared with 

those of controls. Even though VPI, BOP, and RC were also statistically significantly increased 

 61



(p<0.05-0.0001), the present results did not reveal any severe periodontitis among the HIV-positive 

patients according to the clinical and microbiological periodontitis criteria of today. Consequently, 

the present studies (I-IV) represent results of data which did not give compelling evidence of 

greater periodontal destruction associated with HIV infection as reported by Robinson et al. (2000). 

The presence, extent and severity of periodontal disease among the HIV-positive patients was less 

than previously thought (Scheutz et al. 1997). It has indeed been stated that there may have often 

been over-estimations of the incidence of HIV-associated periodontal disease among HIV-positive 

patients (Smith et al. 1995). In a recent study of patients with CD4+ lymphocyte counts >500 

cells/µl (>0.5 x 109/L) no association was found between CD4+ lymphocyte count and clinical 

periodontal indices, and gingival inflammation was less severe than expected (Vastardis et al. 

2003). A study based on baseline sociodemographic and oral health characteristics between HIV-

positive and HIV-negative women showed little difference on periodontal variables, and no 

periodontal indicators by either AIDS diagnostic criteria or CD4+ lymphocyte status were observed 

(Mulligan et al. 2004). After introduction of HAART, which causes immune reconstitution with 

increased numbers of CD4+ and CD8+ lymphocytes, oral manifestations such as oral candidiasis, 

gingivo-periodontitis and Kaposi's sarcoma are rarely seen (Reichart 2003). Additionally, improved 

clinical protocols and improved general and oral health of the patients and positive attitudes to 

dental care together with improved medication are thought to be the explanations for this change in 

disease pattern (Yeung et al. 2002). Nevertheless, a recent review by Cappuyns et al. (2005) reports 

an increased prevalence and severity of chronic periodontitis in HIV-positive patients, suggesting 

that HIV infection overall predisposes to chronic periodontitis. HIV-positive patients with chronic 

periodontitis have been shown to suffer from greater loss of attachment over time (Yeung et al. 

1993, Ryder 2002), which are findings supported and further extended by our data (I-IV).  

 

The present study on the microbiological evaluation of the periodontopathogens from periodontal 

pockets used conventional culture (I) and PCR methods (III). In this regard, many other studies also 

confirm that there are no significant microbiological differences in the frequency of 

periodontopathogens between HIV-positive patients and healthy subjects with respect to their 

periodontal status (Murray et al. 1991, Cross et al. 1995). Furthermore, periodontopathogens in 

HIV-positive patients with periodontitis are the same as in HIV-negative subjects with periodontitis 

(Gornitsky et al. 1991, Zambon et al. 1990, Rams et al. 1991). Certain rarely found microbes, such 

as Clostridium difficile, Bacteroides fragilis, Pseudomonas aeruginosa, and yeasts, have also been 

found in periodontal pockets of HIV-positive patients (Zambon et al. 1990, Rams et al. 1991). Our 

control subjects did not have the two potent periodontopathogens A.a. and P.g. when assessed by 
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conventional culture. This was not the case among the HIV-positive patients, who all had these 

periodontopathogens in their periodontal pockets. The more sensitive PCR detection of 

periodontopathogens showed no such difference between patients and controls, however, P.g. and 

T.f. were significantly more frequent in one group (LAS) (III). The same results have been shown in 

a study using DNA probes where the mean % of P. g. was also higher in all studied HIV-positive 

groups in relation to HIV-negative subjects (Cross et al. 1995). The differences between the two 

methods could be explained by the greater sensitivity of the PRC method to detect microbes. 

Opportunistic infections of immunocompromised HIV-positive patients are often treated by anti-

microbials which could have had an effect on the cultivable microflora of the periodontal pockets. 

 

Increased numbers of C. albicans are often found in periodontal pockets of HIV-positive patients 

(Murray et al. 1989, Chattin et al. 1999), and mucosal candidiasis is a common opportunistic 

infection in the patients. The frequency of yeast infections also correlates with reduced CD4+ 

lymphocyte counts. The prevalence of oropharyngeal candidiasis has been shown to remain a 

significant problem in HIV-positive patients despite the use of HAART, and it correlates with 

decreased CD4+ lymphocyte counts (Leigh et al. 2001). CD4+ lymphocytes have been considered 

to be important for host defence against C. albicans on oral mucosa (Lilly et al. 2004). Our data 

showed the same tendency with C. albicans in the periodontal pockets where the number of yeasts 

also increased with the severity of HIV infection (I). HIV infection leads to dysfunction of the 

monocyte-derived macrophages. HIV infected macrophages have been shown in vitro to be 

associated with destructive phagocytosis of C. albicans (Crowe et al. 1994).  

 

Data from the present study are consistent with previous and current data (Drinkard et al. 1991, 

Friedman et al. 1991, Robinson et al. 2000, Vastardis et al. 2003) where HIV-positive patients 

show less severe periodontal destruction and that these patients seem to have a tendency to develop 

periodontitis (I, II), although the occurrence and number of periodontopathogens did not differ 

markedly from those among HIV-negative subjects (I, III). Periodontal destruction in HIV-positive 

patients could be caused by periodontopathogens with increased virulence and also affected by 

diminished immune response, or by unusual periodontopathogens (Cross et al. 1995). In 

systemically healthy patients macrophage activation in periodontitis can be initiated, for example, 

via increased concentration of serum LPS (Pussinen et al. 2004). Lymphocytes and macrophages 

infected by HIV may have adverse effects on immunologic defence against opportunistic pathogens 

like Toxoplasma gondii (Biggs et al. 1995), through impaired phagycytosis and killing. Inflamed 

gingiva of HIV infected patients has been shown to contain increased numbers of mast cells, 
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macrophages, and neutrophils in comparison to healthy controls with comparable periodontal status 

(Myint et al. 2002, Steinsvoll et al. 2004). This could cause increased release of proinflammatory 

cytokines and mediators, eventually leading to increased periodontal destruction in HIV-positive 

patients (Myint et al. 2002).  

 

9.2. MMPs in saliva of HIV-positive patient’s (I, II) 

Microbial products (LPS) may indirectly stimulate host cell MMP expression through the action of 

lymphocyte- and monocyte/macrophage-derived proinflammatory agents such as prostagladins 

(PGE2), cytokines (IL-1β, TNF-α) and polypeptide growth factors (Page 1991). Activation of the 

latent MMPs and MMP expression by host cells (resident and recruited infiltrating cells) can be 

induced by certain proteinases such as plasmin or tryptase, by virulence factor proteases of 

periodontopathogens, and by other MMPs (Sorsa et al. 1992, 1995; Ding et al. 1995, 1997). HIV 

infection can affect the regulation of MMP production by HIV infected monocytes (Dhawan et al. 

1995, Ghorpade et al. 2001). HIV infects CD4+ lymphocytes and monocytes/macrophages 

(Kedzierska et al. 2003, Stevenson 2003). Local viral infection or the release of viral proteins, 

cytokines, or proteolytic enzymes in tissues may contribute to the pathogenesis of HIV infection 

(Weeks et al. 1993). Impaired cytokine regulation leading to increased serum TNF-α and -β 

(Lähdevirta et al. 1988) and IL-1 and -6 levels has been found in HIV infected patients (Kedzierska 

et al. 2003). HIV infection increases leukocyte and monocyte/macrophage MMP secretion (Dhawan 

et al 1992, Weeks 1998) at least in vitro, and infected monocytes and lymphocytes have been shown 

to secrete more MMP-9 (Weeks et al. 1993, Lafrenie et al. 1996). Elevated levels of MMPs (MMP-

1, -2, -7 and -9) from HIV infected monocytes/macrophages (Nottet 1999) and brain-derived cells 

(Conant et al. 1999) have been identified as mediators of brain injury in HIV-associated 

neurological diseases (Sporer et al.1998, Liuzzi et al. 2000). 

 

Subgingival Candida infection may participate in the pathogenesis of periodontal disease in HIV 

infected populations and C. albicans has a significant effect on tissue structure through BM protein 

destruction, and on MMPs, especially on MMP-9 modulation (Imbert et al. 2002, Claveau et al. 

2004).  

 

The present study demonstrated significantly higher levels of fibroblast-type (MMP-1) and human 

neutrophil-type (MMP -8) collagenases (I) and 72 kDa and 92 kDa gelatinases (MMP-2 and -9) (II) 

in saliva of HIV-positive patients independent of the phase of HIV infection when compared with 
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healthy controls. Stromelysin-1 (MMP-3) was also detected in an endogenously active form (I). 

MMP-8 was found in the 75 kDa latent-form and apparently of polymorphonuclear leukocyte 

(PMN) origin. 60-65 kDa activated and 40-45 kDa MMP-8 forms were also seen from non-PMN 

cellular sources, such as periodontal ligaments fibroblasts (Hanemaaijer et al. 1997) bronchial 

epithelial cells (Prikk et al. 2001), chondrocytes (Chubinskaya et al. 1996), and glandular cells or 

monocytes/macrophages (Kiili et al. 2002).   

 

In the present study myeloperoxidase (MPO) levels increased with the severity of HIV infection (I). 

MPO is released from subcellular PMN granules (Weiss 1989). In the virucidal system, MPO 

catalized the oxidation of Cl- to hypochloric acid which may react with amino acids to form 

chloramines, which may be responsible for the virucidal effect of HIV, and the antibacterial and 

antifungal effect also in vitro (Chochola et al.1994, Mikola et al. 1995). MPO is suspected to play a 

role in regulating tissue injury by serine proteases during inflammation (Shao et al. 2005). Slightly 

higher collagenase activities with no evidence of bacterial type collagenase activity (I) and 

sigficantly higher gelatinase activities (II) were found when compared with the controls. Increased 

salivary protease (collagenase/gelatinase) activities have been regarded as reflecting oral and 

especially periodontal health (Ingman et al. 1993, Westerlund et al. 1996, Sorsa et al. 2004a, b), but 

also salivary protease assays/techniques for determining the in vivo effectiveness of proteinase 

inhibitors as medication have also been described (Lauhio et al. 1994, 1995; Fingleton et al. 2004). 

 

In summary, HIV infected patients had particularly increased levels of MMP-1 and -8, but also 

MMP-3 in endogenously active form in their saliva samples (I). Furthermore, HIV-positive patients 

had higher levels of MMP-2 in 66 kDa active/converted forms and MMP-9 in polymeric 200 kDa 

and 130 kDa forms [a complex with neutrophil gelatinase associated lipocalin (NGAL) (Kjeldsen et 

al. 1993, Westerlund et al. 1996)], 90 kDa full-size proforms, and processed/active 40-82 kDa 

forms (II). Increased salivary MPO levels were found when compared with controls (I). Increased 

MMP levels did not reflect the periodontal status in a similar way as in conventional periodontitis, 

even though HIV-positive patients had a clear tendency to develop periodontitis. HIV infection 

affects the regulation/expression of MMPs (such as MMP-1, -2, -7, and -9) through infected CD4+ 

lymphocytes and monocytes/macrophages and through impaired cytokine regulation causing 

increased serum TNF-α and -β and IL-1 and -6 levels. MMP-3 and/or MPO-derived oxidants could 

have activated MMP-1 and -8 (Weiss 1989, Kähäri & Saarialho-Kere 1999). Virus (HIV-1) induced 

activation of neutrophils (Pugliese et al. 2005) and high levels of Candida could explain elevated 

levels of MPO and MMP-8. 40-50 kDa MMP-8 forms could have been derived from non-PMN-
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lineage cells such as oral fibroblasts and epithelial cells. In the present study, salivary proteinases 

may reflect to some extent, at least in part, the systemic condition and the increased levels of MMPs 

and MPO may participate in the pathogenesis of HIV-associated periodontitis. 

 

9.3. TIMPs in saliva of HIV-positive patient’s (II) and ELISA analysis of 
salivary MMP-8 and -9 and TIMP-1 (IV) 
 
TIMPs are proteins that specifically inhibit and regulate MMPs, maintaining a balance between 

matrix destruction and formation. In good health there is a balance between MMPs and TIMPs. An 

imbalance is associated with the pathologic breakdown of the ECM during periodontitis (Pozo et al. 

2005), with excessive MMP activities over their inhibitors. Even higher levels of TIMP-1 in 

periodontitis patient GCF than in healthy control samples have been demonstrated (Ingman et al. 

1996, Nomura et al. 2000). High TIMP-1 levels are also found in other inflammatory diseases such 

as rheumatoid arthritis (Yoshihara et al. 2000) and hepatitis-C (Ninomiya et al. 2001). Increased 

expressions of MMP-9, TIMP-1, and -2 in HIV infected monocytes were detected by Northern blot 

analysis resulting from enhanced transcription of both MMP-9 and TIMPs (Dhawan et al. 1995). 

 

TIMPs in HIV-positive patients’ saliva have been studied only once before the present study, with 

high molecular weight forms of TIMP-1 and -2 being detected (Salo et al. 1994). In the present 

study, TIMP-1 and -2 existed in polymeric, monomeric 28 kDa and 21 kDa forms, and degraded 

forms (II) in salivary samples of HIV-positive patients, while healthy control saliva showed only 

slight immunoreactivities for TIMPs. This may suggest that elevated TIMP-1 levels reflect attempts 

to suppress the tendency to periodontal tissue destruction mediated by MMPs. HIV infection up-

regulated the expressions of MMPs mediated by cytokine/TNF-α, which can further regulate TIMP 

expression (Dhawan et al. 1992, 1995). MMP-8, -9 and MMP-8/TIMP-1, MMP-9/TIMP-1 molar 

ratios were higher than those in healthy subjects when studied by the ELISA method (IV), which 

confirmed our Western blot results (I, II) showing that MMPs are involved in periodontal 

destruction or other (even protective) processes in the mouths of HIV-positive patients. 

Furthermore, the apparent inability of salivary TIMP-1 to completely inhibit salivary MMPs may 

allow anti-inflammatory MMPs such as MMP-8 to carry out their anti-inflammatory tasks in the 

mouth (Owen et al. 2004; Sorsa et al. 2004a, b; Gueders et al. 2005).  
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9.4. Immunoglobulins in HIV-positive patient’s saliva (III) 

A variety of proteins in saliva play key roles in maintaining oral defences and in protecting oral 

mucosa. Alterations in salivary defence factors may reflect host response mechanisms to HIV 

infection. The present study indicated that in a 2-year follow up the concentration of salivary 

biochemical parameters albumin, total protein, IgA, IgG and IgM were markedly higher and seemed 

to stay at the same level after 2 years when compared with controls. The different medication taken 

by the HIV-positive patients did not seem to affect the biochemical constituents analysed in the 

present study. 

 

Numerous oral lesions and opportunistic infections are found in HIV infection, even in the time of 

HAART (reviewed by Eyeson et al. 2000, Greenspan & Greenspan 2002). Reduced salivary flow 

rate has been reported in HIV infected patients (Atkinson et al. 1990, Mandel et al. 1992, Lin et al. 

2001), probably due to HIV-associated salivary gland disease which results in xerostomia and 

salivary gland swelling (Schiødt 1992). These studies have considered that an increase in albumin 

output could reflect alterations in salivary gland function causing hyposalivation (Atkinson et al. 

1989, Mandel et al. 1992). Contrary to this, the stimulated saliva flow rate of our HIV-positive 

patients was even higher than that of the controls, being lower among females than in males (Table 

1). Albumin is also considered to be a plasma ultrafiltrate indicating alterations in the mucosal 

barrier (Lü et al. 1994, Meurman et al. 2002) and is found at higher levels in immunosuppressed 

patients, diabetic patients and those receiving radiotherapy (Meurman et al. 1997b, Dodds et al. 

2000, Eliasson et al. 2005). This could explain the increase in albumin concentration in the HIV-

positive patients studied rather than salivary gland dysfunction, of which no evidence was seen in 

the present study. 

 

We used stimulated whole saliva to analyse total protein concentration present in the mouth rather 

than, for example, only parotid saliva which gives a limited picture of the proteins present in the 

whole mouth. Total protein was clearly higher in all phases of HIV infection but not significantly 

higher at baseline among the ASX-phase patients. Total protein has been found to be higher when 

salivary flow rate is reduced (Lin et al. 2004) which is contrary to our study. It has also been found 

to be unchanged in stimulated, unstimulated and whole, parotid, and submandibular saliva in HIV-

positive patients (Marder et al. 1985, Yeh et al. 1988, Atkinson et al. 1990). Albumin and total 

protein levels have been found to be higher in patients with periodontitis (Takahashi et al. 2004).  
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Secretory IgA is considered to be the principal mediator of host defense at mucosal surfaces, and 

here more IgA is synthesized than all of the other immunoglobulin isotypes combined. CD4+ 

lymphocytes help to trigger B-cells to make antibodies against thymus-dependent antigens or 

immunoglobulins. HIV infection causes CD4+ lymphocyte suppression which could affect the 

immunoglobulins. Reductions in local levels of IgA may indicate a decrease in CD4+ lymphocyte 

function (Lamster et al. 1994), although paradoxically, it has been reported that a special intestinal 

secretory IgA is produced by a T cell-independent mechanism. This T cell-independent IgA is 

derived from B lymphocytes that develop in the peritoneal compartment (Macpherson et al. 2000). 

In the present study IgA was found to be clearly more abundant than in controls except in the 

follow-up AIDS-phase patients where it was slightly lower. Similar results were found in a study on 

unstimulated whole saliva (Grimound et al. 1998) and also in stimulated whole saliva where sIgA 

concentration was increased (Lin et al. 2001). In a study where periodontal status was taken into 

account, total salivary IgA concentration was higher in HIV-positive patients than in the HIV-

negative group (Myint et al. 1997). Differences in these results may also be caused by sampling 

techniques, the glands sampled and differences in the patient populations (Challacombe & Sweet 

2002, Wu et al. 2002, Sistig et al. 2003). For example, in studies of unstimulated whole saliva 

(Sweet et al. 1995, Sistig et al. 2003) and stimulated parotid saliva (Müller et al. 1991) IgA 

concentrations were decreased. HIV-specific serum and mucosal IgA are also suggested to play a 

role in resistance to mucosal transmission of HIV (Mazzoli et al. 1999).  

 

IgA, IgM and especially IgG are present in GCF derived from serum and plasma cells in gingival 

tissue. They have antigenic specificity for local bacterial and fungal antigens (Savage et al. 2004). 

Studies have shown an increase in immunoglobulin concentrations in periodontitis (Ebersole 2003). 

 

Our results are comparable to previous studies where clear increases in IgG and IgM concentrations 

were also found (Grimound et al. 1998). In our study IgG and IgM concentrations at the baseline 

also tended to be higher when CD4+ lymphocytes were lower, which is logical through general 

immunodeficiency. Despite high saliva concentrations of all studied immunoglobulins also derived 

from GCF, innate immunity was unable to stop Candida growth in periodontal pockets (I, II) of 

HIV infected patients. The altered immune response may be due to a greater antigenic challenge in 

the oral cavity of the HIV-positive patients, through HIV infection itself and the resulting general 

immunosuppression. 
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9.5. Matrilysins and leukolysin in saliva of HIV-positive patients (IV) 

Matrilysins (MMP-7 and -26) and leukolysin (MMP-25) have not been widely studied among HIV-

negative subjects and not at all in saliva of HIV-positive patients. MMP-7 is over-expressed in 

various cancers (Gaire et al. 1994). It is thought to play an important role in tumor invasion and 

metastasis. MMP-7 is expressed in exocrine glands such as parotid glands and glandular epithelium 

of the skin, many adult epithelial cells, lungs, and reproductive organs (reviewed by Wilson & 

Matrisian 1996). In cerebrospinal fluid MMP-7, like MMP-2 and -9, has been found to be 

associated with HIV-associated dementia (Conant et al. 1999). MMP-7, like MMP-8 and -9, has 

been shown to exert anti-inflammatory or protective effects against inflammation by processing 

anti-inflammatory cytokines and chemokines (Balbin et al. 2003, Owen et al. 2004, Gueders et al. 

2005), and to convert prodefensins to active defensins, which participate in the protection of the 

mucosae (Lopez-Boado et al. 2000, Burke 2004). 

 

In peri-implantis sulcular fluid, increased immunoreactivities of both MMP-8 and -7 predominated 

in 19-21 kDa active and 28-30 kDa proMMP-7 forms, and the total amount of MMP-7 were 

increased (Kivelä-Rajamäki et al. 2003). These increases reflected the severity of peri-implantitis 

and peri-mucositis (Kivelä-Rajamäki et al. 2003). Increased levels of  activated-, fragmented-, and 

complex forms of MMP-7 have also been found in untreated  GCF samples of AP and LJP patients 

relative to controls (Tervahartiala et al. 2000). Active forms of MMP-7 were found only in the AP 

GCF samples but not in healthy and LJP GCF samples (Tervahartiala et al. 2000). This is similar to 

our results where control saliva samples lacked the active forms of MMP-7 present in HIV-positive 

patients with different phases of infection. MMP-7 activates other MMPs such as proMMP-2, -8, 

and -9 (Wang et al. 2004), which were found to be increased in saliva samples of HIV-positive 

patients as discussed above. MMP-7 can be activated by reactive oxygen species like MMP-8 and 

MMP-9 in periodontal tissue destruction (Saari et al. 1990). 

 

In our samples there was little difference in the total level of MMP-7, rather the difference lay in the 

molecular forms. Dimeric forms were prominent in salivary samples of the HIV-positive patients 

and pro forms in the control samples. There are no earlier results of MMP-7 in saliva.  

 

Even though MMP-7 and -26 share many structural similarities, their substrate specificities, 

transcriptional regulation, activation mechanisms, and functional roles are distinct in cancer, in 

which connection they have been widely studied (Marchenko et al. 2004). MMP-26 activates 
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proMMP-9 (Uría & Lopéz-Otín 2000) and is inhibited by TIMP-2 and -4 in vitro (Zhao et al.  

2004). Although MMP-26 is found in several types of cancer (skin, endometrium, lung, prostate, 

mammary gland) (Marchenko et al. 2001), MMP-26 is also found to be expressed in healthy tissues 

such as uterus, kidney, and placenta (Isaka et al. 2003, Marchenko et al. 2004). However, MMP-26 

has been shown to be associated with the cell compartment, such as in peripheral leukocytes and 

lymphocytes (Park et al. 2000) and in fibroblasts and macrophages (Bar-Or et al. 2003, Marchenko 

et al. 2004), rather than with the extracellular milieu (Marchenko et al. 2001, Zhao et al. 2004).  

 

Our salivary samples contained increased levels of MMP-26 in HIV-positive patients samples when 

compared with healthy controls, though they were statistically significantly increased only in the 

LAS- (p<0.05) and AIDS-phase (p<0.005) patients. The main difference was in the molecular 

forms of MMP-26. HIV-positive patient salivary samples contained mostly complex- and dimeric 

forms of MMP-26, while control samples mostly contained pro-, active-, and fragmented forms. 

With respect to MMP-7, dimeric- and complexed forms reflect the activation of MMP-7 in the 

extracellular milieau and this could also explain our findings of MMP-26 in the HIV-positive 

patients’ salivary samples (Kivelä-Rajamäki et al. 2003). However, no comparable results are 

available regarding human endocrine secretions. HIV infects mainly lymphocytes and macrophages 

(Clapham et al. 1989) which also secrete MMP-26 (Park et al. 2000, Bar-Or et al. 2003, Marchenko 

et al. 2004). This could explain, at least in part, the different findings of the molecular forms of 

MMP-26 found in the HIV-positive patients when compared with controls. Uria and Lopez-Otin 

(2000) and Li et al. (2004) have suggested that MMP-26, especially by cleaving α−1-antitrypsin 

and activating proMMP-9, can contribute to and promote the coordinated interplay of the two 

proteinases working in concert and cascades at the sites of inflammation. 

 

Similar to MMP-8 and -9, MMP-25 is specifically expressed in peripheral blood leukocytes 

(neutrophils) and also in some brain tumours. MMP-25 may also function as a proteolytic tool for 

leukocytes during inflammatory process (Pei 1999). The present study is the first report describing 

the soluble or shed form of MMP-25 (MT6-MMP) in HIV-positive patients and healthy control 

saliva. These forms have previously been described of MMP-14 (MT1-MMP) in periodontitis-

affected GCF, inflamed human tear fluid, bronchoalveolar lavage from bronchiectasia patients, 

breast carcinoma, mesangial cell, and gingival fibroblast culture media (Kazes et al. 1998, 

Tervahartiala et al. 2000, Maisi et al. 2002, Holopainen et al. 2003, Cox et al. 2006). This may be 

associated with enhanced association to periodontal inflammation and autocatalysis (Li et al. 2004, 

Cox et al. 2006). 
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9.6. MMPs and cells of the defence mechanism in gingival tissue of HIV-positive 
patients (IV) 
 
The role of MMPs, especially MMP-8 and -9, produced by resident and inflammatory cells in 

periodontal destruction is well established in healthy controls (Sorsa et al. 2004a, b). Though our 

results from HIV-positive patients’ salivary samples showed increased levels of MMP-8 and -9 

when compared with healthy controls, but the differences in MMP-8 and -9 immunostainings of 

gingival tissue samples were not as high as expected. Still, more infiltrating PMN cells and 

fibroblasts stained with MMP-8 and -9 in the patients when compared with controls, and the 

number of patients exhibiting staining was higher.  

 

Our clinically healthy gingival tissue samples were stained with cell markers CD43 

(normal/neoplastic T cells and mast cells), -45 (B and T cells), -68 (macrophages). In a recent study 

increased numbers of inflammatory cells have been found in HIV-positive patients’ chronic 

periodontitis lesions (Myint et al. 2002) and plasma cells in the connective tissue in chronic 

marginal periodontitis (Myint et al. 1999). Our staining showed that these cells (CD43 and -68) 

were found most frequently in the HIV-positive patients samples when compared with controls, 

though the staining frequency in samples did not differ as much as expected, which is not in 

agreement with Myint et al. (1999, 2002). The present results also disagree with a study where the 

number of mast cells and their expression of MMPs in clinically healthy gingiva were increased 

among HIV-positive patients in comparison with healthy controls (Naesse et al. 2003). Our study 

showed MMP-8 and -9 expressions in normal/neoplastic T cells and mast cells (CD43) and in 

macrophages (CD68).  

 

MMP-7 plays a key role in the degradation of various ECM, BM components, and non-ECM 

molecules after activation. MMP-7 has been found to be capable of activating other latent MMPs 

such as MMP-8 (Balbin et al. 1998). MMP-7 expression has also been correlated with the degree of 

inflammation (Matsuno et al. 2003) and MMP-7 is strongly induced in cells and cell lines by 

bacterial exposure (Lopez-Boado et al. 2000). MMP-7 has been found to function during both 

repair and innate host defense among intact epithelia by modulating the activity of defense-related 

molecules such as cryptdins (enteric α−defensins) (Lopez-Boado et al. 2000). In a recent study 

MMP-7 was only slightly expressed in gingival tissue of periodontitis patients when compared with 

the healthy controls (Tervahartiala et al. 2000), not correlating with the degree of inflammation as 

in ulcerative colitis (Matsuno et al. 2003), or in the saliva and the peri-implant sulcular fluid 
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samples as mentioned above (Tervahartiala et al. 2000, Kivelä-Rajamäki et al. 2003). This agrees 

with our study where the MMP-7 immunostainings of gingival tissue samples of HIV-positive 

patients and healthy controls were similar. Furthermore, MMP-7 can activate proMMP-8 and -9 as 

well as anti-microbial prodefensins (Balbin et al. 1998, von Bredow et al. 1998, Wilson et al. 1999) 

that participate in promoting periodontal tissue destruction and/or in protective mucosal defence 

cascades (Owen et al. 2004, Gueders et al. 2005). 

 

Strong MMP-26 immunostaining was seen in connective tissue collagen fibers in all gingival tissue 

samples of both groups with some staining also in the proliferating part of the epithelium. MMP-26 

was also detected in vascular endothelial cells similarly to a study on necrotizing enterocolitis 

(Bister et al. 2005). MMP-26 could be an inflammatory mediator in some disorders and a future 

target enzyme in the treatment of pathological situations (Ahokas et al. 2005). 

 

MMP-25 is predominantly expressed in leukocytes (Pei 1999) which was clearly seen also in our 

study. It may also function as a proteolytic tool for leukocytes during the inflammatory process (Pei 

1999), and is important for host defence and tissue damages (Nie & Pei 2003). MMP-25 is also 

capable to activate proMMP-2 (Nie & Pei 2003). In inflammation elevated MMP-25 levels have 

been suggested to be of PMN origin (Dong et al. 2001). 

 

Various MMPs, for example MMP-1, -2, and -9, are considered to play important roles in 

angiogenesis (Hanemaaijer et al. 1993). MMP-7 is concluded to directly induce angiogenesis (Huo 

et al. 2002). Additionally, MMP-26 may have a specific function in tumor progression but also in 

angiogenesis (Park et al. 2000, Marchenko et al. 2001). In our study MMP-25 and MMP-7 

immunoreactivity was seen in gingival tissue samples of both groups and slightly weaker than 

MMP-26. MMP-25 has not been connected to endothelial cells/angiogenesis before. 

 

Salivary and immunohistochemical findings showed that HIV infected patients could be susceptible 

to periodontal destruction relative to healthy controls. Alternatively, defence reactions associated 

with HIV infection could be reflected or mediated by MMPs (McMillan et al. 2004, Owen et al. 

2004, Sorsa et al. 2004a, Gueders et al. 2005). 
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10. CONCLUSIONS 

Based on results of the present series of studies the following conclusions can be drawn: 

1. Periodontal health of the HIV-positive patients was better than expected. Nevertheless, HIV-

positive patients had a tendency to develop periodontitis as seen by the clinical periodontal 

parameters, radiographic results, and findings in salivary biochemical constituents. 

2. Sensitive PCR analysis from saliva showed no marked difference in the prevalence of 

periodontopathogens between HIV-positive patients and controls. However, when assessed 

by conventional culture techniques, only HIV-positive patients harboured the two potent 

periodontopathogens A. a. and P. g. in their periodontal pockets. 

3. HIV-positive patients expressed increased levels of salivary matrix metalloproteinases 

(MMP-1, -2, -3, -8, and -9), MPO, and showed increased collagenase/gelatinase activities. 

However, increases in salivary MMP levels and activities did not reflect the periodontal 

status in a similar way to that known to happen in “conventional” periodontitis.   

4. Salivary total protein, albumin, IgA, IgG, and IgM concentrations were higher and stayed 

increased in HIV-positive patients after 2 years when compared with controls. This finding 

may reflect altered host response being logical due to the general immunosuppression. 

Altered immune response may also be due to a greater antigenic challenge in the oral cavity 

of the HIV-positive patients. It is noteworthy that the stimulated salivary flow was higher 

among HIV-positive patients, and the different medications taken by these patients at the 

baseline and at the follow-up stage did not seem to affect these results. 

5. MMP-7, -8, -9, -25, and -26 immunoreactivities in gingival tissues of HIV-positive patients 

did not differ from healthy controls as much as one could expect. More HIV-positive 

patients exhibited staining for these MMPs but the staining frequency in samples was 

similar to controls. 

6. In saliva, differences were seen in molecular forms of all studies MMPs (MMP-7, -25, and -

26) between the HIV infected and healthy controls, probably reflecting alterations in 

inflammatory cells due to HIV infection. 

 

In general, the present findings showed that HIV-positive patients show increased MMP 

expressions in their salivary samples. However, the increased collagenase and gelatinase activities 

did not reflect in the HIV-positive patients’ periodontal health, but presumably originated from the 

alterations that HIV infection causes through lymphocytes and monocytes/macrophages. 

Alternatively, the body’s defense reactions associated with HIV infection may, at least partly, be 
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reflected in the MMPs. Our results showed that periodontal health of the HIV-positive patients was 

better than expected even if there was a clear tendency to develop periodontitis among these 

patients. Salivary biochemical and immunological constituents were found to be increased when 

compared with healthy control samples, as hypothesized, probably reflecting serum protein leakage 

to saliva through general immunosuppression.  

 

The results of this study confirmed the working hypothesis although the clinical parameters 

indicated better periodontal health than expected. 
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