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Pradhan-Palikhe, Pratikshya, Matrix metalloproteinase-8 as a diagnostic tool for
the inflammatory and malignant diseases. 
University of Oulu, Faculty of Medicine, Institute of Dentistry, Department of Diagnostics and
Oral Medicine,  P.O. Box 5281, FI-90014 University of Oulu, Finland; University of Helsinki,
Faculty of Medicine, Institute of Dentistry, Department of Cell Biology of Oral Diseases,
Biomedicum Helsinki; Department of Oral and Maxillofacial Diseases, Helsinki University
Central Hospital,  P.O. Box 63, FI-00014 University of Helsinki
Acta Univ. Oul. D 1111, 2011
Oulu, Finland

Abstract
Matrix metalloproteinases (MMPs) are the zinc-dependent endopeptidases which belong to a large
family of proteases. MMPs are responsible for degradation and remodeling of extracellular matrix
proteins during growth, organogenesis and tissue turnover. Besides their role in physiological
processes, MMPs also influence various pathological processes, i.e., inflammatory diseases and
cancers, in which MMPs may ultimately lead to unwanted tissue destruction. One of the most
widely studied MMPs is MMP-8.  MMP-8 was previously thought to be expressed only by
neutrophils. Presently, it is evident that MMP-8 can be expressed in a wide range of cells such as
macrophages, plasma cells, T-cells, endothelial cells, smooth muscle cells, oral epithelial cells,
fibroblasts etc. MMP-8 has been previously studied in inflammation and malignancies. High
serum MMP-8 concentration is associated with the presence of atherosclerosis and poor
cardiovascular disease prognosis, while higher plasma MMP-8 levels protect against lymph node
metastasis. Certain MMP-8 gene variations can alter promoter activity and subsequent gene
expression. MMP-8 gene variation influences obstetrical outcomes, and lung and breast cancer
prognosis. For our study, we hypothesized that systemic levels of MMP-8 correlate with its genetic
variations and appear as novel risk markers for disease. 

We aimed to address the potential role of MMPs and their regulators with a special focus on
MMP-8 in distinct sets of inflammatory and malignant diseases, i.e. arterial diseases, and head and
neck squamous cell cancer (HNSCC). We demonstrated that the combination of high serum
MMP-8 and low myeloperoxidase (MPO) levels is an important risk marker for arterial disease.
Further, we demonstrated that MMP-8 gene variation is protective against arterial diseases.
Interestingly, we were able to demonstrate an association between MMP-8 gene variation and
serum MMP-8 concentration in a healthy population. On the other hand, we showed that plasma
tissue inhibitor of matrix metalloproteinases (TIMP-1) concentration is associated with survival in
HNSCC patients and TIMP-1 genotype is associated with plasma TIMP-1 levels in women only. 

Collectively, our study showed that serum MMP-8 levels can be used as an important risk
marker in arterial disease and TIMP-1 levels in HNSCC patients. Based on our results, the
hypothesis raised has been widely confirmed. Additionally, our study has warranted the need for
further investigation involving a larger number of patients. If our results are replicable, serum
MMP-8 and plasma TIMP-1 could be used to develop diagnostic tools as well as treatment
regimes in clinics. 

Keywords: arterial disease, atherosclerosis, head and neck squamous cell cancer, matrix
metalloproteinase-8, myeloperoxidase, single nucleotide polymorphism, tissue inhibitor
of matrix metalloproteinase-1





Pradhan-Palikhe, Pratikshya, Matriksin metalloproteinaasi-8 tulehduksellisten
sairauksien ja pahanlaatuisten kasvainten diagnostiikassa. 
Oulun yliopisto, Lääketieteellinen tiedekunta, Hammaslääketieteen laitos, Diagnostiikka ja suun
limakalvosairaudet,  PL 5281, 90014 Oulun yliopisto; Helsingin yliopisto, Lääketieteellinen
tiedekunta, Hammaslääketieteen laitos, Suusairauksien solubiologia, Biomedicum Helsinki;
Suu- ja leukakirurgia, Helsingin yliopistollinen keskussairaala,  PL 63, 00014 Helsingin
yliopisto
Acta Univ. Oul. D 1111, 2011

Tiivistelmä
Matriksin metalloproteinaasit (MMP:t) ovat sinkkiriippuvaisia endopeptidaaseja, jotka kuuluvat
laajaan proteiineja pilkkovaan proteolyyttiseen entsyymi perheeseen. MMP:ien tehtävä on pilk-
koa ja uudelleen muokata soluväliaineen proteiineja kasvun, elinten kehityksen ja kudosten
uusiutumisen aikana, mutta MMP:t toimivat aktiivisesti myös patologisissa prosesseissa, kuten
tulehdustiloissa ja syövissä. Syövissä MMP:en vaikutus voi johtaa ei-toivottuun kudostuhoon.
Yksi laajimmin tutkituista MMP-ryhmän entsyymeistä on MMP-8, jonka alunpitäen ajateltiin
ilmenevän vain neutrofiileissä. Nykytietämyksen mukaan MMP-8:aa ilmentyy myös mm. mak-
rofaageissa, plasmasoluissa, T-soluissa, endoteelisoluissa, sileälihassoluissa, suun limakalvon
epiteelisoluissa ja fibroplasteissa. MMP-8:aa on aikaisemmin tutkittu erityisesti tulehdustiloissa
ja pahanlaatuisissa kasvaimissa. Korkean MMP-8 seerumipitoisuuden on havaittu liittyvän valti-
mokovettumatautiin ja huonoon ennusteeseen sydän- ja verisuonisairauksissa, kun taas kohonnut
MMP-8:n pitoisuus plasmassa suojaa imusolmuke-etäpesäkkeiltä. Tiedetään, että tietyt muutok-
set MMP-8:n geenissä voivat muuttaa sen promoottoriaktiviteettia ja täten säädellä geenin
ilmentymistä. MMP-8:n geenimuutokset vaikuttanevat raskaudenkulkuun sekä keuhko- ja rinta-
syövän ennusteeseen. Tutkimushypoteesimme mukaan MMP-8:n seerumipitoisuudet riippuvat
vaihtelusta MMP-8:aa koodaavassa geenissä ja niitä voidaan pitää uusina riskinarvioinnin merk-
kiaineina tautitiloissa.

Tavoitteenamme oli osoittaa yleisesti MMP:ien ja erityisesti MMP-8:n sekä näiden proteinaa-
sien säätelytekijöiden merkitys tietyissä tulehdustiloissa ja maligniteeteissa, kuten sepelvaltimo-
taudissa ja pään ja kaulan alueen syövissä. Havaitsimme, että korkea MMP-8 seerumipitoisuus
ja alhainen myeloperoksidaasitaso yhdistyvät vahvasti valtimotautiriskiin. Lisäksi osoitimme,
että tietty MMP-8:n geenimuunnos on suojaava tekijä valtimotaudille ja että MMP-8:n seerumi-
konsentraatio on siitä riippuvainen terveillä tutkituilla. Tämän lisäksi todensimme, että MMP:n
kudosestäjän (tissue inhibitor of matrix metalloproteinases, TIMP-1) plasmapitoisuus liittyy
pään ja kaulan alueen levyepiteelisyöpää sairastavien potilaiden eloonjääntiin ja että TIMP-1:n
genotyyppi liittyy sen plasmapitoisuuteen ainoastaan naisilla. 

Tulostemme mukaan seerumin MMP-8-pitoisuutta voidaan pitää hyvänä riskinarviointiväli-
neenä verisuonitaudeissa sekä TIMP-1-pitoisuutta vastaavasti pään ja kaulan alueen levyepiteeli-
syövissä. Saadut tulokset tukevat olettamustamme, jonka mukaan MMP-8 on tärkeä tautimark-
keri. Tämä on lisännyt kiinnostusta selvittää MMP:ien merkitystä laajemmin muissa tulehdusti-
loissa ja syövissä. Jos tulokset saadaan toistetuksi laajemmassa tutkimusaineistossa, seerumin
MMP-8:sta voidaan kehittää kliinisten ja analyyttisten laboratorioiden käyttöön sopiva diagnos-
tinen menetelmä. 

Asiasanat: matriksin metalloproteinaasi-8, MMP:n kudosestäjä, myeloperoksidaasi,
polymorfismi, pään ja kaulan alueen syöpä, valtimokovettumatauti, valtimotauti





 

 

 

 

 

 

 

 

 

 

In the memory of my sister 
Pragya  

(1982-2001) 
 

 



 8



9 

Acknowledgements 

This study was carried out at the Institute of Dentistry, Biomedicum Helsinki, 

University of Helsinki, Helsinki, Finland between 2006 and 2011. This project 

was financially supported by the Academy of Finland and Helsinki University 

Central Hospital-EVO. 

I would like to thank Professor Jarkko Hietanen, MD, DDS, PhD, Dean of the 

Institute of Dentistry, University of Helsinki, for providing excellent research 

facilities. I am thankful to the Finnish Doctoral Program in Oral Sciences 

(FINDOS) for accepting me as a PhD candidate and for providing a scholarship 

for my PhD studies.  

I am privileged to work under Professor Timo Sorsa, DDS, PhD. His 

motivation in the scientific field and his inquisitiveness in the latest updates have 

always encouraged me to work harder. His inevitable quality of providing a sense 

of independence and atmosphere of freedom is appreciated. I am fortunate to have 

Professor Tuula Salo, DDS, PhD as my supervisor, who despite her tight schedule 

remained with the opened arms to help me in different areas besides science. I am 

deeply thankful to my supportive supervisor Adjunct Professor Pirkko J. 

Pussinen, PhD. Her excellent quality of guidance in science as well as her 

constant inspiration and help have made the odysseys of scientific research much 

smoother and joyful. Without my three supervisors’ healthy discussion in science 

and support in every step, this thesis would have been left uncompleted.  

I would like to thank Professor Ernst Malle, PhD and Adjunct Professor 

Katariina Öörni, PhD, the official reviewers appointed by the Faculty of 

Medicine, University of Oulu, for their constructive criticism and valuable 

comments, which have markedly improved my thesis. I would also like to thank 

Halle Marshall Mehtälä, PhD, for carefully reviewing the language of my thesis. 

My thankful thoughts are to all my co-authors: Professor Emeritus Pekka 

Saikku, MD, PhD; Professor Maija Leinonen, PhD; Professor Mauri Lepäntalo, 

MD, PhD; Adjunct Professor Petri Mattila, MD, PhD; Adjunct Professor Jussi 

Tarkkanen, MD, PhD; Adjunct Professor Ilmo Leivo, MD, PhD; Pirkka Vikatmaa, 

MD; Anil Palikhe, MD, PhD; Taina Lajunen, PhD; Anne S. Kivimäki, Res. eng., 

Tiina Vesterinen, M.Sc. 

I am thankful to Kirsti Kari, M.Sc. the Head of the Scientific Laboratory of 

the Institute of Dentistry, University of Helsinki, for her help and support in the 

dental laboratory. Adjunct Professor Taina Tervahartiala, DDS, PhD is highly 

acknowledged for her tremendous help and great companionship during these 



 10

years. I absolutely enjoyed having my desk beside her and conversation in various 

topics was refreshing. I am thankful to the whole FINDOS family for organizing 

various educative programs very efficiently and for the nice time we all had 

together. Special thanks to Professor Pertti Pirttiniemi, DDS, PhD; Professor Stina 

Syrjänen, DDS, PhD and Anna Haukioja, PhD. 

Deepest thanks to Mrs. Ritva Keva; Jukka Inkeri, BSc; Aino Salminen, M.Sc. 

(Tech.), BDS; Marjut Sakko, DDS, Diplo Endo; Elisa Kallio, DDS; Professor 

David Rice, DDS, PhD; Mervi Gursoy, DDS; Ulvi Gursoy, DDS, PhD; Heidi 

Kuula, DDS, PhD; Juho Suojainen, DDS, PhD; Suvi-Tuuli Vilen, DDS; Lotta 

Veistinen, DDS; Hatem Alfakry, DDS; Immi Kormi, DDS; Juliana Santos, DDS, 

PhD; Angelica Hannas, DDS, PhD; Iva Stamatova, DDS, PhD; Marcela 

Hernandez-Rios, DDS; Ms. Maarit Hakkarainen; Mrs. Airi Sinkko; Kirsi 

Alakurtti, PhD; Maarit Takatalo-Laine, PhD; Mrs. Saija Perovuo for their good 

company in the dental laboratory. Thanks to Kati Hyvärinen, M.Sc., for being 

helpful as well as for creating a pleasurable atmosphere in the laboratory, and her 

spell bounding chit chat during lunch and tea break was fascinating. I highly 

appreciate your help, Heidi Holappa, DDS, for translating an abstract of my thesis 

to Finnish language. Deepest thanks to Mrs. Marjatta Kivekäs for her excellent 

technical help in painstaking laboratory days.  

I am thankful to all for their friendship and get-together: Mr. Arvid Kokko; 

Mrs. Ester Kokko; Risto Lindroos, M.Sc., MBA; Mrs. Raili Lindroos; Istvan 

Prause, PhD; Zydrune Polianskyte-Prause, PhD; Mr. Mindaugas Prause; Adjunct 

Professor Vuokko Anttonen, DDS, PhD; Shakhawat Hossain (Babu), MA; 

Nishant Yashodharan, MCom; Arevik Gazarjan, MD; Ms. Syona Yashodharan; 

Hadi Bordar, PhD; Marzieh Sabetghadam, MA; Ms. Rosa Bordar; Yashar, MD; 

Mr. Marcos Gonzales; Paula Kokko-Gonzales, M.Sc.; Adjunct Professor 

Shambhu Sah, PhD; Mrs. Sanjita Sah; Mr. Atul Gupta; Mrs. Shiwani Gupta; Ms. 

Aditi Gupta; and all Nepali friends who live in Finland and abroad.  

I express my thanks to my parents, Prabinja M.S. Pradhan, Engr and Lakshmi 

Pradhan, PhD, for their never ending love, support and encouragement during all 

phases of life. I am thankful to my dearest family and friends for their constant 

affection. Deepest thanks to my mother-in-law, Mrs. Ananda-Laxmi Palikhe and 

family for their good wishes in every step. I am really thankful to my husband, 

Anil, for being so helpful and understanding. His guidance and encouragement 

mean a lot to me. Last but definitely not the least, Pranil, our constant source of 

joy, has provided us energy to enjoy every bit of life, Thank you! 

Helsinki 2011 Pratikshya Pradhan-Palikhe  



11 

Abbreviations 

A.actinomycetemcomitans Aggregatibacter actinomycetemcomitans 
AAA abdominal aortic aneurysm 

ANOVA Analysis of variance 

AOD aorto-occlusive disease 

apo apolipoprotein 

CAD coronary artery disease 

CD14 cluster of differentiation 14 

CD40L CD40 ligand 

CI confidence interval 

cLPS chlamydial LPS 

CRP C-reactive protein 

CVD cardiovascular diseases 

DNA deoxyribonucleic acid 
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NA not applicable 
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1 Introduction 

MMPs, also known as matrixins (Nagase & Woessner 1999), are a group of 

genetically distinct but structurally related proteolytic enzymes, which are 

responsible for the degradation and remodeling of extracellular matrices (Sorsa et 
al. 2004). Mostly, neutrophil express and produce MMPs in latent form. Usually, 

neutrophils that are triggered by bacterial proteases or virulence factors release 

myeloperoxidase (MPO), which, with the help of hypochlorous acid, activates or 

inactivates the latent form of MMPs (Weiss 1989). In this complex classical 

pathway, several other components, e.g., tissue inhibitors of matrix 

metalloproteinases (TIMPs) and polymorphonuclear leukocyte (PMN) elastase 

are also involved. The MMPs under physiological condition are expressed at low 

levels in the tissue and body fluids and they are usually inactive, but their level 

and activation increase significantly under various pathological conditions, e.g., 

in inflammatory diseases and cancer. Based on substrate specificity and molecular 

structure, human MMPs can be categorized into 23 different groups (Woessner 

2002). Among them, MMP-8 (also known as collagenase 2) has collagenolytic 

properties, and has been previously studied in relation to inflammatory diseases 

and malignancies. It has been shown that MMP-8 is produced by endothelial 

cells, smooth muscle cells, and macrophages in atherosclerotic plaques (Herman 

et al. 2001) and a high concentration of serum MMP-8 is associated with the 

presence of atherosclerosis and poor cardiovascular disease (CVD) prognosis 

(Tuomainen et al. 2007). Certain single nucleotide polymorphism (SNPs) 

variations in the promoter region of the MMP-8 gene alter the promoter activity 

and subsequent gene expression (Wang et al. 2004, Decock et al. 2007). 

Enhanced expression of MMPs has been found in various types of cancer, 

reflecting their role in extracellular matrix degradation and the progression of 

cancer invasion (Egeblad & Werb 2002). MMP-8-/- mice develop tongue 

squamous cell carcinoma at a higher incidence than the wild-type mice (Korpi et 
al. 2008). In animal models of breast cancer, MMP-8 has also been found to 

inhibit tumor spread (Montel et al. 2004). In breast cancer patients, plasma MMP-

8 levels are associated with lymph node metastasis (Decock et al. 2008) and a 

high MMP-8 producer genotype is associated with better survival (Decock et al. 
2007). Thus, MMP-8 seems to be different from other MMPs, especially in 

relation to cancer, as it may play a protective role. Plasma concentrations of 

TIMP-1, an inhibitor of many MMPs including MMP-8, correlate with a poor 

prognosis in cancer. Increased TIMP-1 levels have been associated with poor 
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prognosis in breast cancer (McCarthy et al. 1999, Schrohl et al. 2003, Lipton et 
al. 2008), colorectal cancer (Holten-Andersen et al. 2000, Holten-Andersen et al. 
2004, Holten-Andersen et al. 2006, Sorensen et al. 2007, Yukawa et al. 2007), 

lung cancer (Gouyer et al. 2005), ovarian cancer (Manenti et al. 2003), and 

HNSCC (Ruokolainen et al. 2005). The elevations observed in TIMP-1 

concentrations have been thought to reflect a general up-regulation of MMPs and 

their natural inhibitors in cancer.  

For this study, we hypothesized that systemic levels of MMP-8 correlate with 

its genetic variations and appear as novel risk markers for disease. The results 

could be used to develop diagnostic tools as well as treatment regimes in clinics. 

The purpose of this study is to reveal the role of MMPs and their regulators 

(e.g., MMP-1, MMP-8, MMP-13, TIMP-1, MPO, and PMN-elastase), with a 

particular focus on MMP-8, in distinct sets of inflammatory and malignant 

disease groups, i.e., arterial diseases and HNSCC. 
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2 Review of the literature 

2.1 Matrix metalloproteinases 

2.1.1 General characteristics and structure of MMPs 

Matrix metalloproteinases (MMPs) are a family of metal-dependent 

endopeptidases which contain Zn2+ at the catalytic site and also require Ca2+ for 

stability and activity (Birkedal-Hansen 1993). MMPs, also known as matrixins 

(Nagase & Woessner 1999), are a group of genetically distinct but structurally 

related proteolytic enzymes which are responsible for the degradation and 

remodeling of extracellular matrix proteins during organogenesis, growth and 

normal tissue turnover (Sorsa et al. 2004). The inactive MMPs in healthy tissue 

and body fluids are expressed in low levels, but their level and activation increase 

significantly under various pathological conditions, e.g., in inflammatory diseases 

and cancer, leading to unwanted tissue destruction (Uitto et al. 2003). Categorized 

by substrate specificity and molecular structure, 23 different MMPs are found in 

humans (Table 1). In addition, MMPs are often categorized according to their 

modular domain structure: 1) collagenases, 2) gelatinases, 3) stromelysins, 4) 

matrilysins, 5) membrane-type MMPs, and 6) others (Table 1). 

Various cells, such as neutrophil, monocytes/macrophages, endothelial cells, 

smooth muscle cells, fibroblasts, epithelial cells/keratinocytes, oral cancer cells, 

and osteoclasts, can express MMPs (Hanemaaijer et al. 1997, Bachmeier et al. 
2000, Beaudeux et al. 2004, Ala-aho & Kahari 2005). MMPs are secreted either 

from the cell or bind to the cell membrane (Sternlicht & Werb 2001, Visse & 

Nagase 2003, Murphy & Nagase 2008). They have functional and structural 

similarities. The protein structure of MMPs commonly consists of five domains: 

the signaling peptide, the hydrophobic propeptide domain, the catalytic domain, 

the hinge region, and a hemopexin-like domain. The N-terminal signal sequence 

(‘pre’ domain) is removed after it directs their synthesis to the endoplasmic 

reticulum (Sternlicht & Werb 2001). The pre-domain is followed by a propetide 

(‘pro’ domain) which maintains the latency of the proMMPs until it is removed or 

interrupted. The pro-domain contains the ‘cysteine switch’ motif, PRCGXPD, 

followed by a catalytic domain that contains the zinc-binding motif, 

HEXXHXXGXXH (Sternlicht & Werb 2001, Visse & Nagase 2003, Nagase et al. 
2006). 
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Table 1.  MMPs and their substrates. 

Enzyme name (MMPs) Substrates  

Collagenases   

Interstitial collagenase, Collagen I, II, III, VII, VIII, X, aggrecan, gelatin, proteoglycans,  

Collagenase 1 (MMP-1) MMP-2, -9 

Neutrophil collagenase, Collagen I, II, III, V, VII, VIII, X, aggrecan, elastin, fibronectin,  

Collagenase 2 (MMP-8) gelatin, laminin, proteoglycans 

Collagenase 3 (MMP-13) Collagen I, II, III, IV, aggrecan, gelatin 

Gelatinases   

Gelatinase A (MMP-2) Collagen I, II, III, IV, V, VII, X, XI, aggrecan, elastin, fibronectin,  

  gelatin, laminin, proteoglycans, MMP-9, -13 

Gelatinase B (MMP-9) Collagen IV, V, VII, X, XIV, aggrecan, elastin, fibronectin, gelatin 

Stromelysins   

Stromelysin 1 (MMP-3) Collagen II, III, IV, IX, X, XI, aggrecan, elastin, fibronectin, 

gelatin,  

  laminin, proteoglycan, MMP-7, -8, -13 

Stromelysin 2 (MMP-10) Collagen III, IV, V, aggrecan, elastin, fibronectin, gelatin, laminin,  

  MMP-1, -8 

Stromelysin 3 (MMP-11) aggrecan, fibronectin, laminin 

Matrilysins   

Matrilysin 1 (MMP-7) Collagen IV, X, aggrecan, elastin, fibronectin, gelatin, laminin,  

  proteoglycan, MMP-1, -2, -9 

Matrilysin 2 (MMP-26) Collagen IV, gelatin, fibronectin 

Membrane-type MMPs   

Transmembrane   

MT1-MMP (MMP-14) Collagen I, II, III, aggrecan, elastin, fibronectin, gelatin, laminin,  

  MMP-2, -13 

MT2-MMP (MMP-15) Collagen I, fibronectin, gelatin, laminin, MMP-2 

MT3-MMP (MMP-16) Collagen I, MMP-2 

MT5-MMP (MMP-24) Fibrin, gelatin 

      GPI anchor   

      MT4-MMP (MMP-17) Fibrin, gelatin 

      MT6-MMP (MMP-25) Collagen IV, gelatin, fibronectin, laminin, fibrin 

Others   

Macrophage elastase (MMP-12) Collagen IV, elastin, fibronectin, gelatin, laminin 

RASI-1 (MMP-19) Collagen IV, fibronectin, aggrecan, COMP, laminin, gelatin 

Enamelysin (MMP-20) Collagen V, aggrecan, amelogenin, COMP 

MMP-21 1-anti-trypsin 

Cysteine Array-MMP (MMP-23)   

MMP-27   

(Epilysin) MMP-28   

Based on: (Visse & Nagase 2003, Raffetto & Khalil 2008, Busti et al. 2010). 
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Cysteine residue ligates the catalytic Zn2+ (Van Wart & Birkedal-Hansen 1990, 

Becker et al. 1995). This ligation retains the proMMPs in an inactive form by 

preventing the water molecule, essential for catalysis, from binding to the zinc 

atom (Van Wart & Birkedal-Hansen 1990, Becker et al. 1995, Nagase et al. 
2006). Commonly, activation of proMMPs requires the opening of the Cys-Zn2+ 

ligation by proteolytic removal of the prodomain, which results in active MMPs 

with lower molecular weight (Nagase 1997). The C-terminal hemopexin-like 

domain is connected to the catalytic domain by a flexible hinge region. The 

hemopexin domain and the connected hinge assist in binding with other proteins 

and also play an important role in collagenolysis (Overall 2002). The protein 

structure of human MMPs is shown in detail in Fig. 1. 

Collagenases 

Mammalian collagenases MMP-1, -8 and -13 and frog Xenopus collagenase 

MMP-18 are included in this group. All collagenases are capable of cleaving the 

interstitial fibrillar collagens I, II and III at a specific site into characteristic ¾ and 

¼ fragments (Woessner & Nagase 2000, Visse & Nagase 2003). MMP-1 cleaves 

type III collagen more efficiently than type I collagen (Hasty et al. 1987, Mallya 
et al. 1990), whereas MMP-8 prefers type I collagen (Hasty et al. 1987, Ala-aho 

& Kahari 2005), and MMP-13 prefers type II collagen (Knauper et al. 1996b, 

Krane et al. 1996). MMP-13 is a much stronger collagenase than MMP-1 and 

MMP-8 (Knauper et al. 1996a). These collagenases also degrade various other 

extracellular molecules and soluble proteins (Table 1). MMP numbering is 

determined by order of discovery, with MMP-1 (Collagenase 1) being the first to 

be identified.  

Only those MMPs and their regulators which are part of this thesis are 

explained here. 
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Fig. 1. The MMP family. The MMPs are grouped by their domain structure. CA, cysteine 

array; CAT, catalytic domain; CL, collagen-like domain; F, furin-cleavage consensus 

sequence; FN, fibronectin-like repeats; GPI, glycosyl phosphatidylinositol linkage 

signal; H, hinge domain; HEM, hemopexin domain; Ig, immunoglobulin-like domain; P, 

leader sequence; PRO, pro-domain; TM, transmembrane domain. Modified from: 

(Brinckerhoff & Matrisian 2002, Visse & Nagase 2003, Busti et al. 2010). 

2.1.2 Interstitial collagenase (Collagenase 1; MMP-1) 

MMP-1 was the first collagenase to be identified in tadpole tissues (tailfin, skin, 

intestine and gill) undergoing metamorphosis (Gross & Lapiere 1962). The first 

human collagenase was purified from rheumatoid synovium (Woolley et al. 
1975). The MMP-1 gene was cloned and sequenced from human fibroblasts 

(Goldberg et al. 1986). MMP-1 is expressed by fibroblasts, endothelial cells, 

keratinocytes, monocytes, macrophages, hepatocytes, chondrocytes, osteoblasts 

and tumor cells (Pilcher et al. 1998, Beaudeux et al. 2004, Ala-aho & Kahari 

2005, Pardo & Selman 2005). MMP-1 expression is increased in various 

inflammatory diseases and cancers (Johansson et al. 2000). MMP-1 is able to 
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cleave cell surface molecules and other non-matrix substrates such as interleukin 

(IL-1β) and pro TNF-α (McCawley & Matrisian 2001, Chakraborti et al. 2003). 

The balance between proteolysis by interstitial collagenase (MMP-1) and matrix 

synthesis may influence both the stability of atheromatous plaques and the 

development of restenotic lesions (Nikkari et al. 1996). 

2.1.3 Neutrophil collagenase (Collagenase 2; MMP-8) 

In the late sixties of the last century, collagenase activity in human neutrophils 

was first reported (Lazarus et al. 1968a, Lazarus et al. 1968b), while MMP-8 

enzyme was first purified (Macartney & Tschesche 1983) and shown to be a 

distinct enzyme from MMP-1 by antibody reaction (Hasty et al. 1984). The 

neutrophil was regarded as the main source of MMP-8 (Kowolik & Grant 1983). 

The first cloning and sequencing of MMP-8 were performed more than 20 years 

ago (Hasty et al. 1990). Later, MMP-8 was discovered in various tissues and cells 

such as chondrocytes (Cole et al. 1996); rheumatoid synovial fibroblasts and 

endothelial cells (Hanemaaijer et al. 1997); melanoma cells (Giambernardi et al. 
1998); odontoblasts (Palosaari et al. 2000); human gingival sulcular epithelial 

cells (Tervahartiala et al. 2000); keratinocytes (Bachmeier et al. 2000); cells of 

human atheroma (Herman et al. 2001); plasma cells associated with bone lesions 

(Wahlgren et al. 2001); leukemic cells (Kim et al. 2001); monocytes/macrophages 

and inflamed bronchial epithelial cells (Prikk et al. 2001); gingival epithelial cells 

and plasma cells (Kiili et al. 2002); as well as squamous cell carcinomas of the 

tongue (Moilanen et al. 2002). 

Studies have demonstrated higher serum MMP-8 level in CVD (Tuomainen 

et al. 2007) and periodontitis-affected gingival crevicular fluid (Mantyla et al. 
2003). On the contrary, MMP-8 is believed to have a protective role in skin and 

oral cancers (Balbin et al. 2003, Korpi et al. 2008) and an anti-inflammatory role 

in lung inflammation (Owen et al. 2004, Gueders et al. 2005). In a study of 

periodontitis-induced MMP-8-/- mice, MMP-8 was found to play a protective role 

through processing anti-inflammatory cytokines and chemokines (Kuula et al. 
2009). Under physiological condition, inactive MMP-8 is expressed at very low 

levels in tissues and body fluids, but its level and activation increase significantly 

under various pathological conditions, e.g., inflammatory diseases and cancers 

(Fig. 2). 

Notably, an in vitro study has shown that atheroma-associated cells express 

high levels of MMP-8 (Herman et al. 2001), whereas an MMP-8-/- atherosclerotic 
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mice model (apoE-/-) showed less aortic atherosclerotic lesions and significantly 

fewer macrophages with higher collagen contents in the lesions (Laxton et al. 
2009). In addition to in vitro and animal studies, MMP-8 SNP (rs1940475) was 

significantly associated with the extent of coronary atherosclerosis in patients 

with CAD and a 10-year follow-up study showed an association of the MMP-8 

SNP with the progression of atherosclerosis (Laxton et al. 2009). Asymptomatic 

patients with carotid plaque progression showed higher intraplaque MMP-8 levels 

(Turu et al. 2006). 

2.1.4 MMP-13 (Collagenase 3) 

MMP-13 was originally cloned and identified from human breast cancer (Freije et 
al. 1994). MMP-13 has 86% homology with rodent collagenase but only 50% 

homology with human MMP-1 (Freije et al. 1994). It is widely expressed under 

various pathological, tissue-destructive conditions such as rheumatoid arthritis 

(Lindy et al. 1997); periodontitis (Uitto et al. 1998, Tervahartiala et al. 2000); 

fibroblasts found deep in chronic ulcerations (Vaalamo et al. 1997); osteoarthritis 

(Mitchell et al. 1996); plasma cells associated with bone lesions (Wahlgren et al. 
2001); human melanoma cells (Hofmann et al. 2000); cultured cancer cells 

(Giambernardi et al. 1998); human chondrosarcoma cells (Uria et al. 1998); and 

skin cancer (Airola et al. 1997). The ability of MMP-13 to cleave type II collagen 

is ten times more efficient than type I or III, which suggests the involvement of 

MMP-13 in the pathophysiology of arthritides where collagen type II is abundant 

(Knauper et al. 1996a, Konttinen et al. 1999). 

In addition to cleaving the fibrillar collagens and various ECM components, 

MMP-13 further inactivates chemokines and can be inhibited itself by 

tetracyclines and bisphosphonate alendronate (Kahari & Saarialho-Kere 1999, 

Johansson & Kahari 2000, Ala-aho & Kahari 2005). 

2.1.5 Regulators of MMPs 

Regulators of MMPs, in the classical pathway of cooperative interaction between 

NADPH oxidase and a green granule enzyme, make up a family of TIMPs, 

myeloperoxidase (MPO) and neutrophil elastase (Weiss 1989) (Fig. 3). Under 

physiological condition, synthesis and degradation are in total balance. This 

steady balance is under tight control by specific inhibitors. TIMPs play a role in 

inhibition whereas MPO and neutrophil elastase play a role in activation. 
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Fig. 2. The basic genetic processes: The phases of activation, transcription and 

translation of the MMP-8 gene. Secretion of MMP-8 protein and its effect in 

inflammatory diseases and cancer. 

Tissue inhibitors of matrix metalloproteinases 

TIMPs are natural tissue inhibitors of MMPs and are divided into four types 

(TIMP-1, -2, -3 and -4). TIMPs are found in most tissues and body fluids. TIMPs 

inhibit MMP activity by binding to the catalytic site of MMPs in 1:1 

stoichiometric complexes (Brew et al. 2000). The expression of TIMPs is 

regulated during development and tissue remodeling (Brew et al. 2000). The 

imbalance between the TIMPs and the active MMPs leads to excessive, unwanted 

tissue destruction at the site of acute inflammation (Sorsa et al. 2004). The 

changes of TIMP levels are considered to be important because they directly 

affect the level of MMP activity. TIMPs function not only as inhibitors of MMPs 

but can also modulate cellular processes such as cell growth, apoptosis and 
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migration, and can have anti-angiogenic, steroidogenic and embroyogenic 

activities (Visse & Nagase 2003, Lambert et al. 2004, Stetler-Stevenson 2008). 

The protein domain structure is similar in all four TIMP types (Stetler-Stevenson 

2008). They have two structural domains: an N-terminal and a C-terminal domain 

(Visse & Nagase 2003, Nagase et al. 2006). Binding of the N-terminal with the C-

terminal of MMPs is responsible for inhibitory effect (Brew et al. 2000, Visse & 

Nagase 2003, Nagase et al. 2006, Stetler-Stevenson 2008). TIMPs prevent or 

delay the conversion of proMMPs to active forms and inhibition of active forms 

(Uitto et al. 2003).  

TIMP-1 was discovered first in cultured human fibroblasts (Bauer et al. 
1975). Later, TIMP-1 was found to be identical to the erythroid potentiating 

activity protein (Gasson et al. 1985). TIMP-1 is expressed by various cell types 

such as keratinocytes, macrophages, epithelial and endothelial cells, fibroblasts, 

chondrocytes, smooth muscle cells, osteoblasts and many tumor cells (Welgus & 

Stricklin 1983, Welgus et al. 1985, Cawston et al. 1986, Bord et al. 1999). TIMPs 

can inhibit all the MMPs tested so far. However, the inhibitory effect varies 

between types of MMPs so that TIMP-1 is a poor inhibitor of various MT-MMPs 

(Baker et al. 2002) whereas TIMP-3 has a much broader inhibition profile 

(Amour et al. 2000, Kashiwagi et al. 2001, Wang et al. 2006, Jacobsen et al. 
2008). 

Neutrophil elastase 

Janoff (1970) first reported the presence of polymorphonuclear leukocyte (PMN) 

elastase. The enzyme was first isolated and purified in 1973 (Janoff 1973). 

Leukocytes are the probable source of the elastase which was purified from 

purulent sputum (Twumasi & Liener 1977). Cloning of PMN-elastase was 

reported in 1987 and the enzyme was called medullasin (Nakamura et al. 1987). 

Elastase has the quality of degrading the elastic substances in human tissues. Balo 

and Banga (1949) hypothesized that elastase could have a connection to human 

pathology and suggested that elastase may play a role in atherosclerosis. 

Inflammatory cells such as neutrophils, monocytes and mast cells are 

significant store cells of serine proteases/serine endopeptidases. Serine proteases 

include chymotrypsin, chymase, trypsin, plasminogen activators, plasmin, 

enteropeptidase, whereas neutrophil elastase, cathepsin G and proteinase 3 are 

neutrophil-originated serine proteases. 
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Neutrophil elastase, a neutral serine protease, is produced during neutrophil 

development and stored in the azurophil granules in the neutrophil cytoplasm. 

Circulating PMN leukocytes are the first cells to enter the site of acute 

inflammation to provide a primary line of defense against bacterial infections. 

Elastases are released into the extracellular space by neutrophil degranulation 

(Weiss 1989) (Fig. 3). Since PMN-elastase has broad substrate specificity, it 

destroys bacteria as well as host tissue during inflammation (Hiemstra et al. 1998, 

Belaaouaj et al. 2000, Lee & Downey 2001, Shapiro 2002). Some elastases 

remain on the neutrophil plasma membrane as an active enzyme and resist 

inhibitory properties of antiproteinases (Owen et al. 1995). In addition to its role 

in host defense, neutrophil elastase functions similarly to MMP by playing an 

important part in matrix degradation (Werb 1989). Neutrophil elastase can destroy 

the ECM by directly activating proMMPs such as proMMP-9 and, proMMP-3 

(Okada et al. 1988, Ferry et al. 1997) and by enhancing MMP activity by 

degrading and inactivating TIMPs (Okada et al. 1988, Itoh & Nagase 1995). 

Inducing the secretion of proinflammatory cytokines, neutrophil elastase may 

mediate inflammation (Nakamura et al. 1992). Neutrophil elastase is believed to 

have a role in tissue destruction in periodontal disease (Ingman et al. 1994), acute 

lung injury (Lee & Downey 2001, Kawabata et al. 2002, Moraes et al. 2003), 

human atheroma and coronary heart disease (Smith et al. 2000, Dollery et al. 
2003) as well as in non-infectious inflammatory diseases such as bullous 

pemphigoid and glomerulonephritis (Schrijver et al. 1989, Liu et al. 2000). 

Serine protease inhibitors, also known as serpins, inhibit the activity of 

neutrophil serine proteases (Silverman et al. 2001). Serpins are expressed by 

plasma cells, endothelial cells, macrophages, etc (Silverman et al. 2001, 

Sallenave 2002). α1-Proteinase inhibitor (also called as α1-antitrypsin), α1 

antichymotrypsin, secretory leukocyte proteinase inhibitor (SLPI) and elafin 

(Wewers et al. 1988, Weiss 1989, Hiemstra 2002, Sallenave 2002) are the 

inhibitors of neutrophil serine proteases, and α2-marcoglobulin inhibits a large 

variety of other proteases (Wewers et al. 1988) (Fig. 3). 
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Fig. 3. Schematic representation of some of the interactions of neutrophil products 

and the antiprotease shield: A cooperative interaction between NADPH oxidase, MPO 

and MMPs. Based on: (Weiss 1989).  

Myeloperoxidase 

MPO, a peroxidase enzyme, has a heme pigment (Klebanoff 2005), which causes 

its green color in secretions such as pus and mucus. Furthermore, MPO is a 

lysosomal protein abundantly stored in azurophilic granules in the neutrophil 

(Klebanoff 2005). The enzyme can serve as a marker of neutrophil activation 

(Klebanoff 2005). Activated neutrophils secrete MPO among several other 

proteins (Venge 1994). MPO is involved in microbicidal activities. As neutrophils 

come into contact with microbes, MPO is released into the phagosome or 

extracellular space (Odeberg & Olsson 1976, Faurschou & Borregaard 2003, 

Klebanoff 2005). NADPH oxidase activation in the plasma membrane of 

neutrophils and ion flux into the phagosome enhance the activation of MPO and 

other azurophilic components (Segal 2005). MPO may remain inactive when 

hydrogen peroxide formed by the NADPH oxidase system, is absent (Weiss 1989) 

(Fig. 3). MPO produces hypochlorous acid from hydrogen peroxides and chloride 
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anions during a neutrophil respiratory burst (Malle et al. 2007). Hypochlorous 

acid is an extremely powerful oxidative agent and highly reactive. It does not 

accumulate in biologic systems but reacts with various substrates (Weiss 1989) 

(Fig. 3). Being cytotoxic, hypochlorous acid is used by neutrophils to kill bacteria 

and pathogens. Furthermore, the antimicrobial activity of MPO can be enhanced 

by PMN-elastase which degrades microbial compounds (Odeberg & Olsson 

1976). Besides its antimicrobial effects, MPO was reported to oxidatively activate 

latent proMMP-8 and -9 in vitro (Saari et al. 1990, Spallarossa et al. 2008). 

Studies have shown that MPO levels are elevated in bronchoalveolar lavage fluid 

in chronic obstructive pulmonary disease (Lacoste et al. 1993) and in serum from 

patients with chronic periodontitis who smoked (Ozcaka et al. 2010). MPO has 

been identified as a component of HDL extracted from human lesion material 

(Zheng et al. 2004). Ischemic heart disease was found to be significantly lower in 

MPO-deficient patients (Kutter et al. 2000). Hernandez and coworkers (2010) 

have shown MPO-dependent oxidative activation of PMN derived MMP-8 in 

periodontal disease.  

2.2 Atherosclerosis 

2.2.1 Inflammation and initiation of atherosclerosis 

Arterial wall structure 

The vascular wall is composed of three layers, the tunica intima, which faces the 

lumen, the tunica media, a middle layer, and the tunica adventitia, an outer-most 

layer (Lusis 2000). The intima layer is lined with a monolayer of endothelial cells 

and internal elastic lamina on the peripheral side. The intima layer is composed 

mainly of ECM components, collagen and proteoglycans (Lusis 2000). The 

medial layer contains SMCs, and the adventitia is formed by connective tissues as 

well as fibroblasts and SMCs (Lusis 2000). 

Extracellular matrix 

ECM is comprised of a mixture of different macromolecules such as collagen, 

elastin, glycoproteins and proteoglycans (Katsuda and Kaji 2003). ECM 

components provide tensile strength and viscoelasticity to the arterial wall, as 
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well as help in regulating the function of adjacent cells. Each ECM component 

has its own particular role during the development of atherosclerotic plaques 

(Katsuda and Kaji 2003). Besides maintaining the structural integrity of the 

plaques, ECM participates in various other events, e.g., cell migration and 

proliferation, lipoprotein retention and thrombosis (Raines 2000). Collagen is the 

principal constituent in the vascular wall. Thirteen types of collagen are present in 

the vascular wall (Katsuda and Kaji 2003). Collagens help in maintaining the 

structural integrity of the vascular wall, enhance its flexibility, and, in addition, 

play a role in various cellular events such as differentiation, adhesion, migration, 

proliferation, and apoptosis (Plenz et al. 2003). Collagen content increases with 

plaque formation and progression, and in collagen-rich plaque makes up to 60% 

of the total protein content (Stary et al. 1995). Each collagen increases parallelly 

with lesion while extensive degradation of collagens takes place in the lipid core 

of the atherosclerotic lesion (Okada et al. 1992, Plenz et al. 2003). Type I and III 

fibrillar collagens are largerly distributed in the medial wall of the arteries, 

whereas atherosclerotic lesions consist largely of proteoglycan, intermixed with 

loosely scattered collagen fibrils (Ross 1999). Type I collagen occupies 70% of all 

the collagen types in plaque (Katsuda et al. 1992). Type I is rigid, type III is 

elastic and type V collagen forms thin fibers (Linsenmayer et al. 1993). Type IV 

collagen is the principal constitutent of the basement membrane which increases 

with atherosclerotic lesion progession (Katsuda and Kaji 2003). Thickening of the 

basement membrane signals a decrease in the proliferative capacity of the cell and 

serves as an index of aging (Stary et al. 1995). These type I, III, IV and V 

collagens also play an important role in lipoprotein deposition (Greibergen 1997).  

Elastic fibers are the component of ECM which consists of elastin and 

microfibrils. Elastic fibers give elasticity and resiliency to the plaque which, 

however, decrease with lipid deposition and susceptible to the load of elastin-

degrading enzymes (Katsuda and Kaji 2003). Glycoproteins such as laminin, 

entactin/nidogen, fibronectin, thrombospondin, vitronectin, tenascin and 

osteopontin are deposited in the plaque (Katsuda and Kaji 2003). Proteoglycans 

consist of glycosaminoglycans such as heparan sulfate, chondroitin sulfate, and 

dermatan sulfate. Proteoglycans play several important roles in the vascular wall, 

such as in the organization of ECM structures and maintenance of viscoelastic 

properties, cell adhesion, cell migration and proliferation, permeability, 

hemostasis, thrombosis and lipid metabolism (Wight 1989, Wight 1995). 
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Introduction 

Inflammation is a complex biological response produced by vascular tissues in 

response to harmful stimuli, such as pathogens, damaged cells, or irritants 

(Spencer 1935, Ferrero-Miliani et al. 2007). It is a protective attempt by the 

organism to remove the injurious stimuli and to initiate the healing process. 

However, progressive destruction of the tissue can lead to host diseases, such as 

atherosclerosis (Fig. 4). Atherosclerosis is an inflammatory progressive disease in 

the vascular wall. The study of the role of inflammation in the development of 

atherosclerosis has challenged its designation as primarily a lipid storage disease 

(Lusis 2000, Libby 2002, Libby et al. 2002). Atherosclerosis is initiated with 

accumulation of lipids and immune cells in the intima, thereby forming fatty 

streaks. MPO-generated reactive nitrogen species promotes lipid peroxidation and 

converts LDL into a high-uptake form which is taken up by macrophages via the 

macrophage scavenger receptor (Podrez et al. 2000, Nicholls & Hazen 2009). The 

nodular areas of lipid deposition, fatty streaks also know as lipid-filled 

macrophages or foam cells, may progress into an advanced atherosclerotic lesion. 

The core of the advanced atherosclerotic lesion contains foam cells, dead cells 

and lipid droplets which are surrounded by a fibrous cap containing collagen and 

smooth muscle cells. After years or decades of cell proliferation, extracellular 

matrix production and further accumulation of lipids, an advanced lesion, or an 

atheroma, may form. It may further rupture the forming thrombus. These lesions 

mostly develop in regions other than those with laminar flow, e.g., arterial 

branchial points (Hansson et al. 2006). 

Role of inflammation in the initiation of the lesion 

Modified LDL particles, which accumulate in the arterial intima, both extra- and 

intracellularly, contribute to atherogenesis (Berliner & Heinecke 1996, Oorni & 

Kovanen 2009). The vascular endothelium resists binding to blood cells. 

Atherosclerosis starts with the accumulation of lipids on fibrous elements which, 

in turn, induce the vascular endothelial cells to express cell adhesion molecules 

(Fig. 4). Thus, circulating monocytes adhere to the vascular endothelial layer by 

means of the adhesion molecule VCAM-1 and migrate toward the intimal layer in 

response to chemokines, such as monocyte chemoattractant protein-1 (MCP-1) 

(Libby et al. 2002, Hansson et al. 2006, Libby et al. 2010). Cytokines, e.g., 

macrophage colony-stimulating factor (M-CSF), stimulate the differentiation of 
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monocytes into macrophages, which take up oxidised lipoproteins through 

scavenger receptors and transform into lipid-laden foam cells (Ross 1999, Libby 

et al. 2009). In addition, cytokines and growth factors, secreted by the leukocytes, 

promote the proliferation and migration of medial SMCs to the intima, as well as 

extracellular matrix production, which form a fibrous cap overlying the lipid core 

and other components of the atherosclerotic plaque. The core of plaque contains 

foam cells, dead cells, lipids, calcium, and some fibrous tissues which are 

surrounded by a fibrous cap containing SMCs and collagen type I and II. 

Inhibition of collagen synthesis and expression of matrix metalloproteinase, e.g., 

active MMP-8 expressed by foam cells, endothelial cells or SMCs (Herman et al. 
2001), destabilize the plaque by degrading the extracellular matrix (Plutzky 

2003). This incidence contributes to thinning, weakening and, when exposed to 

hemodynamic stresses, ultimately leads to rupture of the fibrous cap and 

thrombus formation and causes clinical symptoms of atherosclerosis, e.g., heart 

attack (Ross 1999, Libby 2002, Libby et al. 2009). 

2.2.2 Lesion development and progression  

T-lymphocytes enter the developing atheroma by binding to adhesion molecules 

such as VCAM-1 in response to chemokines such as inducible protein-10 (IP-10), 

monokine induced by IFN-γ (Mig), and IFN-inducible T-cell a-chemoattractant (I-

TAC) (Libby 2002). These chemokines bind to their chemokine receptor 

expressed by T cells. T cells encounter local antigens such as oxidized low-

density lipoprotein (Ox-LDL) and heat-shock protein (HSP) 60 of endogenous or 

microbial origin (Libby 2002, Hansson et al. 2006) (Fig. 4). These antigens are 

presented by major histocompatibility complex (MHC) class II molecules present 

on the surface of antigen presenting cells (APCs) like macrophages and dendritic 

cells (Hansson et al. 2006). Hereby, MHC molecules link innate and adaptive 

immunity initiating the activation of T cells by engagement of the receptor and 

the antigen (Fig. 5). 
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Fig. 4. Atherosclerosis process: Migrations of monocytes and T cells into the arterial 

intimal wall, differentiation of monocytes to macrophages and formation of foam cells. 

Modified from: (Ross 1999, Libby 2002). 

Upon activation, the T cell produces cytokines that influence the behavior of other 

cells present in the atherosclerotic lesion. Based on expressed mediators, T cells 

can be divided into three groups: T helper-1 (Th1), Th2 and regulatory T (Treg) 

cells (Fig. 5). The Th1 cells induce the cell-mediated immune response, Th2 cells 

induce the humoral immune response while T reg cells, also called suppressor T 

cells, suppress the activation of the immune system. Th1 cells are more prevalent 

than Th2 in the atherosclerotic lesion (Libby et al. 2002, Hansson et al. 2006). 

Th1 cells generally produce pro-inflammatory cytokines such as, IL-1, IFN-γ, 

TNF, and CD40 L (Fig. 5). IFN-γ is the main pro-atherogenic Th1 cytokine which 

activates macrophage and endothelial cells by production of adhesion molecules, 

cytokines, chemokines, proteases, and coagulation factors (Hansson et al. 2006). 

On the other hand, IFN-γ inhibits SMC proliferation, collagen production and 
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cholesterol efflux. TNF mediates vascular inflammation, and thereby induces 

accumulation of lipoproteins, thrombosis, and production of reactive oxygen 

species, proteolytic enzymes and prothrombotic tissue factors.  

CD40, which is expressed by macrophages and interacts with its ligand 

CD40L (CD154), makes an important contribution in the development of an 

advanced lesion by mediating the production of proinflammatory cytokines, 

adhesion molecules and matrix metalloproteinases (Libby 2002). Th2 cells 

generally produce anti-inflammatory cytokines such as IL-3, IL-4, IL-5, IL-10, 

IL-13 and CD40L. IL-4 and IL-13 are the main stimuli for antibody production. 

IL-5 promotes eosinophilic inflammation and antibody secretion. Macrophages 

secrete MMPs in response to IL-4 (Shimizu et al. 2004). Treg cells maintain self 

tolerance and control of autoimmunity of major products. Treg cells’ major 

products are IL-10 and TGF-β. IL-10 displays immunosuppressive effects and 

inhibits the secretion of cytokines such as IFN-γ (Mocellin et al. 2004). It may 

promote the stability of a plaque by reducing the pro-MMP activity (Caligiuri et 
al. 2003, Potteaux et al. 2004) and inducing TGF-β production (Mallat et al. 
1999, Caligiuri et al. 2003). TGF-β has an immunosuppressive effect (Kulkarni et 
al. 1993). It is known to have an anti-atherosclerotic property (Grainger et al. 
1995, Mallat et al. 2001) even though the mechanism behind this effect is not 

fully understood. Probably, a major atheroprotective effect of TGF-β is due to its 

inhibition of T cell activity and its mediation of collagen production which acts to 

stabilize the atherosclerotic plaque (Gojova et al. 2003, Robertson et al. 2003). 

In summary, the severity of atherosclerotic lesions depends upon the 

responses of Th1, Th2 and Treg cells. The Th1 cells predominate in the growth of 

atherosclerotic lesions (Hansson & Libby 2006) whereas the Th2 cells 

predominate in abdominal aortic aneurysm (Libby 2002, Shimizu et al. 2004) and 

the Treg responses in inhibition of atherosclerosis development (Mallat et al. 
2003, Veillard et al. 2004). 
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Fig. 5. Recruitment and activation of T cells in atheromas: Guided by adhesion 

molecules and chemokines in the formation of several types of effector responses 

including Th1, Th2 and Treg cells. Based on: (Libby 2002, Libby et al. 2002, Hansson 

et al. 2006). 

2.2.3 Arterial diseases 

Coronary arterial disease (CAD) is characterized by the accumulation of fatty 

deposits along the innermost layer of the coronary arteries. CAD is now the 

leading cause of death worldwide (World Health OrganizationWeb site: 

http://www.WHO.int.). The most common clinical manifestations of CAD are 

angina pectoris, myocardial infarction, heart failure, rhythm problems and death. 

In Finland, CAD is very common and 12,000 people per year suffer from acute 

myocardial infarction (Mahonen et al. 2000, Häkkinen et al. 2002). The incidence 

of CAD advances with age. The underlying pathology of most clinical 

manifestations of CAD is atherosclerosis. Atherosclerosis is a slowly progressive 

process that starts in childhood and continues to develop with advancing age. 

Atherosclerotic plaques divided into six major types of lesions: Type I or lesion-

prone location, Type II or fatty streak, Type III or preatheroma, Type IV or 

atheroma, Type V or fibroatheroma and Type VI or complicated lesion (Stary et 
al. 1995, Stocker & Keaney 2004). These six atherosclerotic lesions reflect early, 

developing, and mature stages of the disease (Stary et al. 1995, Stocker & Keaney 

2004).  
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Today, approximately 3.8 million men and 3.4 million women worldwide die 

each year from CAD (World Health Organization web site: 

http://www.WHO.int.). Between 1 in 5 and 1 in 7 women die from CAD in 

Europe, and in men, it accounts for between 1 in 4 and 1 in 6 of all deaths 

(http://www.ehnheart.org, European Cardiovascular Disease Statistics 2008). In 

2005, the mean life expectancy at the age of 50 years for men and women in all 

European Union countries was 28.6 and 33.5 years, respectively (Jagger et al. 
2008). In Europe, CAD causes 20% of all male deaths before the age of 75 years 

and 18% of all female deaths before the same age (http://www.ehnheart.org, 

European Cardiovascular Disease Statistics 2008). According to the Global 

Burden of Disease Study (Murray & Lopez 1996), developing countries 

contributed 3.5 million of the 6.2 million global deaths from CAD in 1990. It is 

estimated that developing countries will account for 7.8 million of the 11.1 

million deaths due to CAD in 2020 (Murray & Lopez 1996). Despite the progress 

that has been made globally toward the prevention and cure of CAD, outcomes 

are limited to a retardation of atherosclerosis and a postponement of CAD to older 

age. 

Peripherial arterial disease 

Peripheral arterial disease (PAD), a common clinical manifestation of 

atherosclerosis (Bennett et al. 2009, Brevetti et al. 2010), has affected 

approximately 27 million people in Europe and North America (Hirsch et al. 
2006). PAD comprises those entities which result in obstruction of blood flow in 

the arteries, exclusive of the coronary and intracranial vessels (Ouriel 2001). The 

vessels affected most by PAD are the aorta, its visceral arterial branches and the 

arteries of the lower extremities (Muir 2009). Briefly, atherosclerosis, a primary 

disease process leading to PAD, involves endothelial dysfunction, lipid 

disturbance, platelet activation, thrombosis and oxidative stress (Levy 2002, 

Bartholomew & Olin 2006). The prevalence of PAD increases with age and under 

the influence of vascular risk factors, such as smoking, diabetes mellitus, 

hypertension, hyperlipidemia and elevated homocysteine concentration 

(Bendermacher et al. 2005). The overall estimated prevalence of PAD among 

patients of 55 years or older varies between 9% and 23% (Bendermacher et al. 
2005) and the incidence of PAD measured in an open population is 9.9 per 1000 

patients per year (Hooi et al. 2001).  
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The underlying pathophysiology involved in the development, progression 

and complications of PAD is stenosis of the arteries, atherothrombosis and 

thromboembolism due to atherosclerotic changes (Ouriel 2001, Bennett et al. 
2009, Mukherjee & Cho 2009). The majority of patients with PAD are 

asymptomatic. Some may present with intermittent claudication. Patients 

experience impairment in walking, or a painful, aching, cramping, uncomfortable, 

or tired feeling in the legs that occurs during walking and exercising which is 

relieved by rest (Hiatt 2001, Bendermacher et al. 2005). The risk of the loss of a 

limb becomes substantial when there is pain even at rest, physical limitations, 

ischemic ulceration, or gangrene, called as critical limb ischemia (Ouriel 2001, 

Bendermacher et al. 2005). The rate of local symptoms and complications of PAD 

may seem low; however it should be treated as a serious disease because both 

symptomatic and asymptomatic patients with PAD have high morbidity and 

mortality rates due to atherosclerotic manifestations such as cardiovascular and 

cerebrovascular events (Bendermacher et al. 2005, Mukherjee & Cho 2009, 

Cooke & Wilson 2010). The first priority of treatment in symptomatic patients 

with intermittent claudication and critical limb ischemia is to try to modify the 

known vascular risk factors which will help to decrease the progression of 

atherosclerosis and prevent the development of atherothrombotic complications 

(Mukherjee & Cho 2009). In addition, secondary prevention therapies, such as 

antiplatelet therapy, alleviation of claudication, and improvement of limb 

symptoms, physical function and quality of life for patients are useful during 

treatment (Bendermacher et al. 2005, Mukherjee & Cho 2009).  

The following list of disease categories represents the groups of patients from 

which I received samples. Therefore, only these patients groups are included and 

explained in this thesis. 

Aorto-occlusive disease (AOD) is a form of PAD (Cooke & Wilson 2010) 

where occlusive atherosclerosis involves the infrarenal aorta. Long-term survival 

of these patients is substantially decreased despite operative and medical 

treatment (Kragsterman et al. 2006). 

Carotid artery stenosis, a common sign of advanced systemic atherosclerosis, 

is the narrowing of the carotid arteries caused by plaque formation leading to an 

increased risk of cerebral ischaemic events because of plaque rupture and distal 

embolization. The plaque can be stable and asymptomatic, or it can be a source of 

embolization. Inflammatory cells, such as macrophages and T cells, which are 

involved in atherosclerosis play a role in plaque destabilization in carotid stenosis 

(Jander et al. 1998, Boyle 2005). 
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Abdominal aortic aneurysm (AAA), a common and potentially life-

threatening condition closely associated with atherosclerosis and aging, is an 

asymptomatic dilatation of the abdominal aorta (Thompson et al. 2002). AAA 

commonly develops below the renal arteries and ends just above the bifurcation 

of the iliac arteries which are typically fusiform in morphology rather than 

saccular form (Shimizu et al. 2006). The normal diameter of the abdominal aorta 

is 15–24 mm, and a diameter greater than 30 mm is considered to be an 

aneurysm. Risk factors for AAAs are highest among patients who are male, are 

advanced in age, have a history of smoking, or have a family history of AAAs. 

AAA is characterized by an accumulation of inflammatory cells, increased 

expression of cytokines and chemokines, matrix remodeling, oxidative stress, 

depletion of smooth muscle cells and degenerative changes in elastin and collagen 

in the aortic wall. Medial and adventitial walls are highly affected in AAA by 

infiltration of chronic inflammatory cells (neutrophils, T cells, B cells, 

macrophages, mast cells, etc.), elastic fragmentation and degeneration (Shimizu et 
al. 2006). The proportions and degradation rates of elastin and collagen play a 

key role in the formation and development of an aneurysm (van der Vliet & Boll 

1997, Satta et al. 1998). The terminal stage of aneurismal disease is characterized 

by intraluminal thrombus formation and ultimate rupture of the aortic wall. 

2.2.4 MMP-8 and Myeloperoxidase in arterial disease 

MMP-8 and arterial disease 

Despite a great deal of data on the role of MMP-8 in the pathogenesis of 

atherothrombotic disease, little is known about the clinical significance of 

circulating MMP-8 in peripheral atherosclerotic disease and aneurysmal 

manifestations. MMP-8, also known as neutrophil collagenase, was thought to be 

present only in neutrophils and produced at sites of acute inflammation where it 

digests collagen during the process of tissue remodeling that is associated with 

wound healing. MMP-8 has rarely been studied previously because atheroma 

contains few neutrophils, if any. Fibrillar collagen type I, the main substrate of 

MMP-8, is the major structural element and load-bearing molecule that provides 

tensile strength to the fibrous cap of an atherosclerotic lesion. Interstitial 

collagens resist degradation by most proteinases, except, MMP-8 can initiate the 

degradation (Herman et al. 2001).  
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An in vitro study showed an expression of MMP-8 in atheroma-associate 

cells such as endothelium, smooth muscles cells and macrophages after 

stimulation with proinflammatory cytokines such as IL-1ß, TNF-α, or CD40 

(Herman et al. 2001). In an ex vivo study, MMP-8 appeared to be upregulated to a 

greater degree in vulnerable plaques than in normal vessels and stable plaque 

(Galis et al. 1994, Herman et al. 2001). MMP-8 concentration was shown to be 

elevated in atheromatous plaques (Dollery et al. 2003) and in clinically defined, 

unstable carotid plaques, suggesting the importance of the role of the active form 

of the enzyme in modulating plaque rupture (Molloy et al. 2004). Molloy and 

coworkers (2004) showed colocalization of MMP-8 protein and MMP-8 mRNA 

with macrophages within the atherosclerotic plaque. High serum MMP-8 

concentrations are associated with acute coronary syndrome (Qiang et al. 2007) 

and poor cardiovascular outcome (Tuomainen et al. 2007). Some studies have 

shown independent association of elevated plasma MMP-8 concentration with the 

presence and severity of CAD (Kato et al. 2005), high plasma MMP-8 and 

increased MMP activity in carotid artery plaque progression (Turu et al. 2006), 

and more active intraplaque MMP-8 in asymptomatic patients with plaque 

progression than without plaque progression (Turu et al. 2006).  

Wilson and colleagues demonstrated elevated protein MMP-8 concentrations 

in AAA (Wilson et al. 2005) and at the site of ruptured AAA (Wilson et al. 2006), 

and its localization to SMCs or fibroblasts within the tunica adventitia, which 

reflects a potent role of MMP-8 in the pathway of collagen degradation, and 

aneurysm formation and expansion (Wilson et al. 2005). A study in an 

experimental animal model revealed that neutrophil depletion, which was 

accompanied by a decrease in MMP-8, could diminish AAA formation (Eliason et 
al. 2005). Because MMP-8 is not critical in the formation of AAA, a decrease in 

MMP-8 levels is not necessarily a good indicator of AAA formation. However, 

this study suggests that MMP-8 could be a useful marker for the presence of 

neutrophils (Eliason et al. 2005).  

In patients with carotid atherosclerosis, plasma MMP-8 was demonstrated to 

be elevated (Krupinski et al. 2007, Djuric et al. 2010) reflecting coronary plaque 

instability (Momiyama et al. 2010). Also, MMP-8 concentration has been 

reported to be decreased in acute disease progression such as in patients with 

heart failure (Wilson et al. 2002) or cerebral ischemia (Lorenzl et al. 2003). In an 

animal model, extensive aortic atherosclerotic lesions were observed in MMP-8+/+ 

apoE-/- mice whereas in MMP-8-/- apoE-/- mice substantially less atherosclerotic 

lesions, fewer macrophages but higher collagen constituents, lower blood 
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pressure, and reduced expression of VCAM-1 were observed (Laxton et al. 2009). 

A population-based study demonstrated an association between MMP-8 gene 

variation (rs1940475) and extent of coronary atherosclerosis, plasma VCAM-1 

concentration, and severity and progression of atherosclerosis (Laxton et al. 
2009).  

MMP-8 is not only expressed by neutrophils but also by 

monocytes/macrophages, fibroblasts, smooth muscle cells, endothelial cells, etc. 

MMP-8 has a high affinity for type I collagen, which is the most abundant 

collagen in the wall of the AAA and the major load-bearing molecule found in the 

fibrous cap of atherosclerosis. Therefore, MMP-8 plays an important role in 

atherosclerosis. Various studies have highlighted, the divergent effects of MMP-8 

in atherosclerotic lesion formation, the state of plaque stability and complications 

ultimately leading to the rupture of the atherosclerotic fibrous cap. 

Myeloperoxidase and arterial disease 

Myeloperoxidase is a known marker of inflammatory status, and elevated plasma 

MPO levels reflect a heightened inflammatory state. Malle and coworkers (2006) 

have reviewed the role of MPO and its generated oxidants to modify LDL which 

is a major source of lipids in atherosclerosis. Several studies have demonstrated 

that patients with CAD have higher plasma levels of MPO than normal subjects 

(Zhang et al. 2001) and that elevated MPO is a prognostic marker in patients with 

ACS (Baldus et al. 2003, Brennan et al. 2003, Mocatta et al. 2007). Various 

studies link plasma MPO concentration with the presence of heart failure (Tang et 
al. 2006, Tang et al. 2007) and left ventricular dysfunction (Ng et al. 2006, 

Rudolph et al. 2007). Increased plasma (Brennan et al. 2003) or serum (Baldus et 
al. 2003) MPO levels in patients with CAD may serve to identify patients with an 

increased risk for further cardiovascular events (Cayley 2004). Neutrophil MPO 

levels were significantly higher in patients with CHD than in the normal controls 

(Zhang et al. 2001). Several mechanisms support the role of MPO in the genesis 

of unstable atherosclerotic plaques that results in ACS (Sugiyama et al. 2001, 

Naruko et al. 2002). All these studies address the direct role of MPO in the 

genesis of ACS. However, studies in patients with stable CAD showed no change 

in plasma MPO concentration (Kubala et al. 2008) and plasma MPO levels were 

not found to predict mortality (Stefanescu et al. 2008). Similarly, in patients with 

resolving unstable angina, the decreased MPO content in PMN returned to levels 

similar to that in patients with chronic stable angina or subjects lacking coronary 
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disease (Biasucci et al. 1996). Plasma MPO levels were related neither to intima 

media thickness nor to progression of intima media thickness in familial 

hypercholesterolemia patients (Meuwese et al. 2008). While lipid lowering drugs, 

e.g., statins, down-regulated systemic MPO levels in patients with ACS (Zhou et 
al. 2006), on the contrary, some studies demonstrated elevated MPO 

concentrations in carotid atheroclesosis even after statin therapy (Meuwese et al. 
2008), suggesting that the situation is statin unrelated (Vita et al. 2004). Although 

MPO is believed to promote atherosclerosis, the extent of lesion formation was 

more pronounced in MPO-deficient mice after dietary feeding when compared to 

controls (Brennan et al. 2001). This observation suggested no contribution of 

MPO in rodents, however, the extent of MPO in rodents is approximately 15% 

when compared to human neutrophils (Brennan et al. 2001, Nauseef 2001). 

Taking all these divergent results together, we are provided with a wide view that 

changes in MPO concentrations probably depend on stages of diseases, and/ or 

medical management and its duration, as well as laboratory techniques of MPO 

measurement. 

2.3 Head and neck squamous cell cancer 

Head and neck cancer refers to a heterogeneous group of cancers originating from 

the upper aerodigestive tract. Head and neck squamous cell cancer (HNSCC) 

generally includes cancers of the oral cavity, lips, nasal cavity, paranasal sinuses, 

pharynx, and larynx (Fig. 6). Collectively, 90% of head and neck cancers are 

squamous cell carcinomas originating from the epithelium of the affected regions. 

Head and neck cancers often spread to the lymph nodes of the neck, which is 

often the first manifestation of the disease at the time of diagnosis.  

Patients with HNSCC present with symptoms such as a mass in the neck; 

neck pain; unusual bleeding from the mouth; sinus congestion, especially with 

nasopharyngeal cancer; bad breath; sore tongue; painless ulcer; mouth sores that 

do not heal; white, red or dark patches in the mouth; an ear ache; a lump in the 

lips, mouth or gums; enlargement of the lymph glands; persistent hoarse voice 

and sore throat; difficulty in swallowing foods and sudden weight loss (Forastiere 
et al. 2001). 

The etiology of HNSCC is broad. Tobacco smoking and alcohol consumption 

are the best-known risk factors (Forastiere et al. 2001). Cigarette smokers have a 

lifetime increased risk for head and neck cancers which is a 5- to 25-fold increase 

over the general population (Andre et al. 1995). Betel nut (Areca nut) chewing is 
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highly associated with HNSCC (Jeng et al. 2001). Certain viruses, e.g., human 

papillomavirus and Epstein-Barr virus, are also associated with an increased risk 

for HNSCC (Syrjanen 2007, Ridge et al. 2008). Genetic susceptibility has also 

been considered as an etiological factor (Goldgar et al. 1994, Foulkes et al. 1996). 

A history of gastroesophageal reflux disease or larynx reflux has been found to 

increase susceptibility to HNSCC (El-Serag et al. 2001). Some studies have 

shown increased cancer risk in HNSCC patients’ family clan. Inherited 

malfunction of the immune system, DNA repair systems, and cell cycle control 

mechanisms may increase susceptibility to malignant growth. Occupational risk 

factors include hardwood dust, nickel refining, exposure to textile fibres and 

leather tanning (Holt 1996, Luce et al. 1997, 't Mannetje et al. 1999). 

 

 
Fig. 6. A sagittal section of the head and neck region (modified from Syöpätaudit 3rd. 

Ed.,Duodecim). 

HNSCC represents a major worldwide health problem. The world wide incidence 

of head and neck cancer exceeds 600 000 cases annually, with a death rate of 

350 000 per year (Parkin et al. 2005). Head and neck cancer incidences increase 
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with age, especially after 50 years. Most patients are between 50 and 70 years old 

(Ridge et al. 2008). The incidence of HNSCC is higher in male than in female 

populations; the estimated worldwide number of new cases of head and neck 

cancers in 2002 was 477 000 in males and 166 000 in females, according to 

global cancer statistics (Parkin et al. 2005). According to the Finnish Cancer 

Registry, more than 600 new cases are diagnosed in Finland per year (Finnish 

Cancer Registry, Cancer Statistics at www.cancerregistry.fi, 2010). In recent 

years, the incidence of tongue squamous cell cancer has increased among young 

patients in Scandinavian countries, raising questions regarding potential risk 

factors (Annertz et al. 2002). 

One of the most important preventive measures for HNSCC is avoidance of 

recognised risk factors which are mentioned above. Regular dental examinations 

may identify pre-cancerous lesions in the oral cavity. When head and neck cancer 

is detected in the early stages, it is curable and the chances of survival increase. 

However, these cancers are frequently aggressive in their biological behaviour 

and often lead to the development of second primary tumors. Up to 50% of head 

and neck cancer patients have an advanced disease (Gourin & Podolsky 2006). 

Cure rates decrease in advanced cancers, whose probability of cure is inversely 

related to tumor size and even more to the extent of regional node involvement. 

The prognosis of HNSCC is based on tumor stage (Diaz et al. 2003). HNSCC is 

staged according to the TNM classification system, where T is the size and 

configuration of the tumor, N is the presence or absence of lymph node 

metastases, and M is the presence or absence of distance metastases. Moreover, 

the T, N and M characteristics are combined to produce cancer staging from I to 

IV C (Wittekind et al. 2005) (Table 2, 3). Current management of HNSCC 

includes radiation therapy and surgery, either alone or in combination with 

chemotherapy. Modern surgical and chemoradiation techniques seem effective in 

reducing patient morbidity, offering better quality of life. The overall five-year 

survival rates for HNSCC have remained low without significant improvements 

over the past few decades despite advanced cancer management (Sano & Myers 

2007). 
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Table 2.  TNM classification for head and neck carcinoma. Modified from: (Wittekind et 

al. 2005). 

T   Primary tumour 

 Tx Primary tumour cannot be assessed 

 T0 No evidence of primary tumour 

 Tis Pre-invasive carcinoma (carcinoma in situ) 

 T1 Tumour 2 cm or less in greatest dimension 

 T2 Tumour more than 2 cm but not more than 4 cm in greatest dimension 

 T3 Tumour more than 4 cm in greatest dimension 

 T4a Tumour invades through cortical bone, into deep/extrinsic muscle of tongue, 

  maxillary sinus, or skin of face 

 T4b Tumour invades masticatory space, pterygoid plates, or skull base; or encases 

  internal carotid artery 

N  Regional lymph nodes (cervical nodes) 

 Nx Regional lymph nodes cannot be assessed 

 N0 No regional lymph node metastasis 

 N1 Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension 

 N2a Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than  

  6 cm in greatest dimension 

 N2b Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest 

  dimension 

 N2c Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in  

  greatest dimension 

 N3 Metastasis in a lymph node more than 6 cm in greatest dimension 

M  Distant metastasis 

 Mx Distant metastasis cannot be assessed 

 M0 No distant metastasis 

  M1 Distant metastasis 

Table 3. TNM Clinical Staging Categories for head and neck carcinoma. Modified from: 

(Wittekind et al. 2005). 

Stage 0 Tis N0 M0 

Stage I T1 N0 M0 

Stage II T2 N0 M0 

Stage III T1, T2 N1 M0 

 T3 N0, N1 M0 

Stage IVA T1, T2, T3 N2 M0 

 T4a N0, N1, N2 M0 

Stage IVB Any T N3 M0 

 T4b Any N M0 

Stage IVC Any T Any N M1 
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2.4 MMP-8 and cancer 

MMPs have long been a centre of attention in anticancer research, because their 

enhanced expression has been found in various types of cancers reflecting their 

role in extracellular matrix degradation, tumor growth and metastasis. Among 

various MMPs, the role of MMP-8 in cancer is far more complex than originally 

thought. Previously, MMP-8 was believed to promote tumor growth, invasion and 

metastasis. For example, MMP-8 is expressed in HNSCC (Moilanen et al. 2002), 

and serum MMP-8 levels correlate positively with the tumor stage (Kuropkat et 
al. 2004). In ovarian cancers, the expression level of MMP-8 was correlated with 

the tumor grade and stage, as well as with poor prognosis (Stadlmann et al. 2003, 

Stenman et al. 2003). Serum MMP-8 concentrations were elevated in patients 

with HNSCC (Kuropkat et al. 2002) and patients with ulcerated or vascular-

invading primary melanomas (Vihinen et al. 2008). Higher expression of MMP-8 

has been found in breast cancer tissue compared to normal breast tissue 

(Kohrmann et al. 2009).  

The field of research on the properties of MMP-8 has been dominated by 

evidence collected from recent experiments on animals which suggest an anti-

tumorigenic and anti-metastatic role of MMP-8 (Decock et al. 2011). Korpi and 

co-workers (2008) demonstrated that MMP-8-/- mice develop tongue squamous 

cell carcinoma at a higher incidence than wild-type mice, while the absence of 

MMP-8 expression was shown to be associated with the development of skin 

tumors in male MMP-8-/- mice only (Balbin et al. 2003). Montel and co-workers 

(2004) showed that overexpressing MMP-8 in breast cancer cell lines leads to a 

decrease in metastasis, and knock-down of MMP-8 using ribozyme technology 

results in increased metastasis. A study based on human and mice experimentation 

demonstrated the inhibitory effect of MMP-8 on the metastasis potential of 

malignant cells (Gutierrez-Fernandez et al. 2008). Decock and coworkers (2007) 

showed that genetic variation in the MMP-8 gene could influence breast cancer 

prognosis and also observed that MMP-8 inhibited breast cancer metastasis. A 

higher plasma MMP-8 level protects against lymph node metastasis (Decock et 
al. 2008), while Gonzalez-Arriaga and co-workers (2008) reported an association 

between MMP-8 polymorphism and reduced lung cancer risk. Wild type MMP-8 

is believed to act as a tumor suppressor whereas mutant MMP-8 enhances 

tumorigenesis (Lopez-Otin et al. 2009, Palavalli et al. 2009). MMP-8 expression 

levels were negatively correlated with the metastatic potential of tumor cell lines 

derived from breast tumors (Agarwal et al. 2003), while Duffy and co-workers 
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(1995) reported no correlation between MMP-8 and tumor size and MMP-8 and 

metastasis to axillary nodes in breast cancer. 

The studies on human and murine tissue sections and serum samples, as well 

as various cell lines mentioned above, emphasize the idea that MMP-8 has a dual 

role in various cancer types, acting either as a pro- or anti-tumorigenic and/or 

anti-metastatic factor. As MMP-8 also has important functions in tissue 

homeostasis (Gutierrez-Fernandez et al. 2007), one of the challenges in battling 

cancer metastasis is to determine which MMPs are clearly anti-targets. Blindly 

blocking the MMPs might reverse its beneficial effects and have a prejudicial 

effect on patient’s outcome and survival. Therefore, further investigations on large 

population-based studies are necessary for a better understanding of the indecisive 

role of MMP-8 in cancer. 

2.5 TIMP-1 and cancer 

TIMP-1 is a natural inhibitor of most MMPs. In addition to its well-known 

inhibitory role, TIMP-1 protein is also able to promote proliferation in a wide 

range of cell types and even anti-apoptotic functions have been reported. TIMP-1 

serves as a multifunctional protein (Lambert et al. 2004) with diverse biochemical 

and biological actions which exhibit growth factor-like activity and can further 

inhibit angiogenesis. Consequently, TIMP-1 plays a role in the processes that 

require remodeling and degradation of connective tissue such as development, 

morphogenesis, wound healing, as well as in various diseases and pathological 

states, such as tumor cell metastasis, arthritis, and atherosclerosis. These effects 

may be achieved through MMP-dependent or MMP-independent pathways. 

Metastasis development is a complex series of events which involve MMP as 

well as TIMP-1 activity. An imbalance in these activities results in excessive 

ECM degradation which is essential for the spreading and proliferation of cancer 

cells leading to tumor invasion and metastasis. Various studies have indicated that 

TIMP-1 has dual roles in tumorigenesis. Previously held models of TIMP-1’s role 

in tumorigenesis demonstrated an inhibitory effect of overexpressed TIMP-1 in 

tumorigenesis and tumor metastasis, e.g., melanoma (Khokha 1994), human 

gastric cancer cell (Watanabe et al. 1996), and oral squamous cell carcinoma (Nii 
et al. 2000). However, this is being challenged by new experimental evidence, 

which demonstrates that TIMP-1 may also favor tumor growth, such as in the 

association of increased expression of TIMP-1 with a poor prognosis in colorectal 

cancer (Zeng et al. 1995, Rowe et al. 1997, Hewitt et al. 2000), breast cancer 
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(Yoshiji et al. 1996, McCarthy et al. 1999), gastric carcinoma (Joo et al. 2000), 

lymphoma (Kossakowska et al. 1991), prostate (Still et al. 2000), and lung cancer 

(Fong et al. 1996). High plasma TIMP-1 levels are associated with poor prognosis 

in cancer of the colorectal area (Holten-Andersen et al. 2000), lungs (Ylisirnio et 
al. 2000, Gouyer et al. 2005), gastric area (Yoshikawa et al. 2000), ovaries 

(Manenti et al. 2003), and in HNSCC (Ruokolainen et al. 2005). Lein and 

coworkers (1999) has suggested that TIMP-1 could be used as a marker of the 

malignant progression of prostate cancer by demonstrating significantly higher 

plasma TIMP-1 concentrations in patients than in the control groups. Other 

studies showed that the elevated messenger RNAs of TIMP-1 in primary breast 

cancer (Ree et al. 1997) and in colorectal cancer stroma (Zeng et al. 1995) are 

associated with the development of distant metastases. Guedez and coworkers 

(2001) demonstrated divergent effects of TIMP-1 in nude mice. TIMP-1 

transfected Burkitt’s lymphoma cells showed initial fast growth due to TIMP-1 

mediated cell proliferation and anti-apoptotic effects. However, in the later stages 

when tumors reached a certain size and developed necrosis, the tumor growth was 

inhibited, which was due to the anti-angiogenesis effect of TIMP-1.  

An explanation behind the association of elevated TIMP-1 expression with 

malignant cancer could be that the elevated TIMP-1 level may represent 

subsequent acute host responses to the remodeling stimuli and an attempt to 

balance local tissue degradation caused by highly expressed MMPs during tumor 

progression. Another possible explanation is that higher TIMP-1 expression in 

cancer could be due to MMP-independent cell-growth promotion and anti-

apoptotic activities (Hayakawa et al. 1992, Guedez et al. 1998, Li et al. 1999, 

Guedez et al. 2001, Jiang et al. 2001).  

Various studies were carried out to determine the clinical efficacy of MMP 

inhibitors in cancer (Drummond et al. 1999). Most of the clinical trials on MMP 

inhibitors eventually revealed disappointments, problems and unwarranted results 

(Pavlaki & Zucker 2003, Fischer & Mobashery 2006). Except in patients with 

Kaposi’s sarcoma and prostate cancer where they were found to be clinically 

beneficial (Dezube et al. 2006, Lara et al. 2006). However, every phase III 

anticancer trial on MMP inhibitor therapy has failed. MMP inhibitors could not be 

an effective anticancer therapeutics. On the other hand, MMPs are also associated 

with inflammatory diseases such as periodontitis, CVD etc. Therefore, it seems 

that more attention has been paid to MMP inhibitor therapy in inflammatory 

diseases than in treating cancer (Needleman et al. 2007, Reinhardt et al. 2007, 

Hackmann et al. 2008). 
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2.6 Genetics 

2.6.1 Polymorphism 

A polymorphism is a genetic variant that appears in at least 1% of a population. 

Polymorphisms represent natural sequence variants, which may occur in more 

than one form. Approximately 90% of DNA polymorphisms are SNPs due to a 

single base exchange (Collins et al. 1998). The promoter is a section of DNA 

which facilitates the transcription of a particular gene and is typically located near 

the genes it regulates, on the same strand and upstream, towards the 5' region of 

the sense strand. Ye (2000) reported that the majority of polymorphisms are 

probably functionally neutral; they are able to exert allele specific effects on the 

regulation of gene expression. Such genetic polymorphisms are important because 

they can be used as biomarkers for the prognosis of potentially malignant and 

malignant lesions and thus may be involved in early intervention and diagnosis in 

patients at high risk.  

Genetic differences are observed between humans at both the individual and 

the population level. There may be multiple variants of a given gene, leading to 

polymorphism. The study of human genetic variation has both evolutionary 

significance and medical applications. From a medical perspective, the study of 

human genetic variation may be important because some alleles causing diseases 

occur at a greater frequency in people from specific geographic regions. These 

days, most studies of human genetic variation have focused on SNPs. SNPs occur 

on average with 1 in every 200 base pairs in the euchromatic human genome. 

2.6.2 MMP-8 and TIMP-1 SNPs 

Human MMP-8 gene  

The MMP-8 gene coding for the MMP-8 protein is located on chromosome 

11q22.3. Levels of MMP gene expression can be influenced at the basal level by 

genetic variations, and it may be susceptible to development or expression of 

several diseases (Ye 2000). Common bi-allelic SNPs have been found in the 

promoter region of several MMPs. Certain SNP variations in the promoter region 

of the MMP-8 gene alter promoter activity and subsequent gene activity (Wang et 
al. 2004, Decock et al. 2007). Functionally significant SNPs (-799 C/T, +17 C/G, 
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and -381A/G) in the promoter region of MMP-8 gene have been reported and 

they influence gene transcription, i.e., alteration in promoter activity and 

subsequent expression.  

Wang and co-workers (2004) first suggested an association between MMP-8 

promoter haplotypes (MMP-8-799C>T, MMP-8+17C>G and MMP-8-381A>G), 

with preterm rupture of membranes in delivery indicating a functional role in 

MMP-8 expression (Fig. 7). Following this study, various MMP-8 polymorphic 

studies were reported with respect to the direct role of SNP, as well as its 

relationship with MMP-8 protein levels, in inflammatory diseases and cancer. 

However, only two studies were found regarding the relationship between MMP-

8 SNP and its protein level (Kubben et al. 2006, Aquilante et al. 2007). These 

authors have failed to show a direct association between MMP-8-799C/T or -

381A/G SNP with serum MMP-8 concentrations in metabolic syndrome 

(Aquilante et al. 2007), and MMP-8-799C>T or MMP-8+17C>G SNPs with 

protein levels, clinico-pathological parameters, or survival in gastric carcinoma 

(Kubben et al. 2006). On the other hand, Decock and co-workers (2007) observed 

a strong association between -799C/T MMP-8 SNP and reduced susceptibility to 

lymph node metastasis, and in in vitro experiments in breast cancer, demonstrated 

that the T allele of -799C/T is associated with a higher promoter activity 

compared to the C allele. On the contrary, no association was demonstrated 

between MMP-8-799C/T and the risk of hepatocellular carcinoma in a Chinese 

population (Qiu et al. 2008) and with bronchiectasis in a Korean population (Lee 
et al. 2007). While MMP-8+17C/G SNP showed association with a decreased risk 

for lung cancer (Gonzalez-Arriaga et al. 2008). A population-based study also 

demonstrated an association between MMP-8 Lys87Glu SNP (rs1940475) and the 

extent of coronary atherosclerosis as well as with plasma VCAM-1 concentration, 

and the severity and progression of atherosclerosis (Laxton et al. 2009). However, 

no association was found between MMP-8 Lys87Glu SNP (rs1940475) and risk 

for skin cancer in a Caucasian population (Nan et al. 2008). Similarly, no 

association was observed between individual MMP-8 K87E SNP and risk for 

bladder cancer (Kader et al. 2006). However, in the same study (Kader et al. 
2006), genetic variations in the MMP-8 gene in combination with another MMP 

gene family demonstrated an association with bladder cancer risk, suggesting the 

importance of a multigenic approach in risk assessment. Various studies in MMP-

8 SNPs are sprouting and warrant further investigations in terms of their direct 

relationship with diseases, as well as with MMP-8 protein levels. 
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Fig. 7. Genomic structure of the promoter region of the human MMP-8 gene. SNPs -

799C/T and -381A/G are shown. Modified from: (Wang et al. 2004). 

Human TIMP-1 gene  

The TIMP-1 gene belongs to the TIMP gene family which codes for the TIMP-1 

protein. TIMP-1 gene is located on chromosome Xp11.3-p11.23 within intron 6 of 

the synapsin I gene, but transcribed in the opposite direction. Transcription is 

highly inducible in response to many cytokines and hormones (Lambert et al. 
2004). No expression of TIMP-1 was observed from the inactive X chromosome, 

and TIMP-1 inactivation is polymorphic in females (Anderson & Brown 1999). 

Human TIMP-1 gene is polymorphic and some of the SNPs have been previously 

studied. Human TIMP-1 gene has 6 exons. SNP rs723556 (C/T) is located in 

~22kb 5’ of the TIMP-1 gene within intron 12 of the synapsin I gene (Wollmer et 
al. 2002), SNP rs4898 (C/T) located in exon 5, and rs2070584 (T/G) located 0.3 

kB 3’ of the gene (www.hapmap.org). Wollmer and coworkers (Wollmer et al. 
2002) studied TIMP-1 SNPs (including rs723556) in sporadic Alzheimer’s 

disease, and found that TIMP-1 genotypes associated neither with the disease nor 

with the TIMP-1 concentrations in cerebrospinal fluid. 

 



51 

3 Aims of the study 

The aim of the present study was to investigate: 

1. The serum concentration of MMPs (MMP-1, MMP-8 and MMP-13) and their 

regulators (TIMP-1, MPO and PMN-elastase), as well its association with 

arterial diseases, i.e., aorto-occlusive disease, carotid disease and abdominal 

aortic aneurysm compared with a healthy population.  

2. Whether the SNPs in the promoter region of the MMP-8 gene associate with 

arterial disease and/or affect serum MMP-8 concentration. 

3. The effects of plasma concentration and SNPs of MMP-8 and TIMP-1 in 

predicting the outcome of HNSCC. 
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4 Materials and methods 

4.1 Study population 

4.1.1 Arterial disease and healthy blood donors 

The present study population consisted of patients with arterial disease (recruited 

at the Helsinki University Central Hospital) and Finnish blood donors from the 

city of Oulu. 

The study population comprised 126 patients with arterial diseases, who 

underwent surgery because of symptomatic AOD (n=18), carotid artery stenosis 

(n=67) or AAA (n=41) in the Department of Vascular Surgery, Helsinki 

University Central Hospital, between the years 2002 and 2004. Preoperative 

blood samples were collected from all patients before the induction of anaesthesia 

from an upper arm arterial line in the operation theatre. In this study population, 

carotid surgery was performed on symptomatic patients with a moderate (50–

69%) or high-grade (70–99%) common and/or internal carotid artery stenosis. 

Aneurysm operations were all elective repairs for AAAs with a mean maximum 

diameter of 61.6 mm (range 40–112 mm). Three aneurysm patients had disabling 

claudication, as well. All the patients with aorto-occlusive disease had disabling 

claudication caused by aortoiliac lesions, which were so extended that 

endovascular treatment was not feasible. None of the patients had critical limb 

ischemia. All the patients gave their informed consent. The local Ethics 

Committee at Helsinki University Central Hospital approved the study protocol.  

Sera, which were separated from preoperatively collected blood, were divided 

into aliquots and stored at -20°C until analysis. Tissue samples were collected 

during the surgical procedure and stored at -70°C for later DNA extraction. 

There were 100 individuals in the blood donor group. From this population, 

buffy coats and sera were collected during the years 2001 and 2002 and obtained 

from the Finnish Red Cross Blood Service (Permission number 48). The cells 

were stored at -80°C until DNA extraction and the DNA and sera were stored at -

20°C, until analysis. 
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4.1.2 Head and neck squamous cell cancer  

Another study population consisted of 136 patients who had been diagnosed with 

HNSCC at the Department of Otorhinolaryngology, Head and Neck Surgery in 

Helsinki University Central Hospital. Patients were recruited between January 

1990 and March 2004 and followed up until March 2006. The mean follow-up 

time was 3.3 years, median 2.8 years, ranging from 0.1 to 15.9 years. Primary 

sites of cancer were the oral cavity, larynx, oropharynx, hypopharynx and 

nasopharynx, with tumor stages from I to IV. Patients had received surgical 

treatment, radiotherapy, and chemoradiotherapy alone or in combination. The 

study was approved by the Research Ethics Board in the Helsinki University 

Central Hospital. Peripheral blood samples were taken at the time of HNSCC 

diagnosis. Plasma was taken after centrifugation of blood at 1600g for 10 minutes 

and then stored at -70oC. Tissue samples were collected from cancerous sites. 

Tissues were then embedded in the paraffin blocks for further analysis. Patients 

had given a written consent to participate in our cancer research program.  

4.2 Methods  

Laboratory methods used in the study are summarized in Table 4. 

MMP-8 Immunofluorometric Assay 

Plasma MMP-8 concentrations were determined by immunofluorometric assay 

(IFMA) as described (Hanemaaijer et al. 1997). The monoclonal MMP-8 specific 

antibodies 8708 and 8706 (Medix Biochemica Oy Ab, Kauniainen, Finland) were 

used as a catching and tracer antibody, respectively. Europium-chelate was used 

to label the tracer antibody. The samples were diluted in assay buffer containing 

20 mM Tris-HCl, pH 7.5, 0.5 M NaCl, 5 mM CaCl2, 50 µM ZnCl2, 0.5% bovine 

serum albumin, 0.05% sodium azide and 20 mg/L diethylene-triamine-penta-

acetic acid and incubated for one hour, followed by incubation for one hour with 

the tracer antibody. Enhancement solution was added, and after five minutes, the 

fluorescence was measured using a 1234 Delfia Research Fluoremeter (Wallac, 

Turku, Finland). The detection limit for the assay was 0.08 ng/mL and the 

interassay coefficient of variation was 8.2% (Tuomainen et al. 2007).  
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Table 4.  Laboratory methods used in the present study. 

Assay Methods References Study 

Serum MMP-1 concentration ELISA kit   I 

Serum, plasma MMP-8 concentration ELISA kit, IFMA   I, II, III 

Serum MMP-13 concentration ELISA kit   I 

Serum, plasma TIMP-1 concentration ELISA kit   I, II, III 

Serum MPO concentration ELISA kit   I 

Serum PMN-elastase concentration ELISA kit   I 

Serum high-sensitivity CPR       

concentration ELISA kit   I 

Serum HDL concentration Enzymatic analysis   I 

Serum LDL concentration Friedewald formula   I 

Serum triglyceride concentration Enzymatic analysis   I 

Serum total cholesterol concentration Enzymatic analysis   I 

C. pneumoniae        

Serum IgA and IgG titers MIF (Paldanius et al. 2003) I 

Serum LPS concentration LBP-based method (Tiirola et al. 2006) I 

Plaque LPS concentration IDEIA chlamydia kit (EIA)   I 

Serum A.actinomycetemcomitans IgA        

and IgG concentrations in-house ELISA  (Pussinen et al. 2002,   

    Pussinen et al. 2003) I 

Serum P. gingivalis IgA and       

IgG concentrations in-house ELISA  (Pussinen et al. 2002,   

    Pussinen et al. 2003) I 

Serum human HSP60 IgA and        

IgG concentrations ELISA kit   I 

Serum total LPS kinetic LAL test kit   I 

Serum LBP concentration ELISA kit   I 

Serum IL-6 concentration ELISA kit   I 

Serum CD14 concentration ELISA kit   I 

TIMP-1 expression Immunohistochemical staining (Pirila et al. 2001) III 

DNA isolation       

Blood samples Qiagen QIAamp kits   II, III 

Tissue samples Qiagen QIAamp DNA mini kit (Lajunen et al. 2008) II 

Statistical analyses     I, II, III 
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Genotyping  

For study II, genotyping of two SNPs at positions -799C/T (rs11225395) and -

381A/G (rs1320632) of MMP-8 promoter was performed using TaqMan 

technology with Mx 3005P QPCR System, (Stratagene, Agilent Technologies, 

USA). Primer and probe sequences were designed and synthesized by Sigma 

Aldrich. Probes were fluorescently labeled with either HEX or FAM to detect the 

different alleles in the presence of ROX as a reference dye. The amplification 

mixture (25 µl) contained 30–50 ng genomic DNA sample, 12.5 µl 2x Brilliant® 

II QPCR Master mix (Stratagene), 200 nM forward and 400 nM reverse primers, 

and 200 nM of each probe. The thermal cycle conditions consisted of 1 cycle at 

95oC for 10 minutes, 50 cycles at 95oC for 15 seconds and at 58oC for 1 minute. 

MxPro QPCR software for allele discrimination (Stratagene) was used to analyze 

fluorescence. A water control, previously genotyped samples and a synthetic gene 

with a known allele (GeneArt, Germany) were included on each plate to ensure 

genotyping accuracy. 

For Study III, Genotyping of the MMP-8 (rs11225395) and TIMP-1 

(rs723556, rs4898 and rs2070584) SNPs were performed using TaqMan 

technology with ABI Prism 7000 Sequence Detection System (Applied 

Biosystems, Foster City, CA). Primers and probes were purchased from Applied 

Biosystems. A total of 20 ng of peripheral blood DNA was used for each reaction, 

and the primers and probes were used at a final concentration of 200 nM. The 

reaction mixtures were diluted in 2xTaqMan Universal Master Mix (Applied 

Biosystems) which contained the DNA polymerase, dNTPs, and the reaction 

buffer, and the final volumes of the PCR reaction mixtures were 20 μl. The 

amplification conditions were: 2 min at 50°C, 10 min at 95°C, 40 cycles of 15 sec 

at 95°C and 1 min at 60°C. SNPs were determined using pre-designed assays 

from Applied Biosystems. 
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5 Results and discussion 

5.1 Study I 

5.1.1 Serum MMP-8 and MPO concentrations in patients with arterial 
disease 

In the first study, we examined the serum concentrations of MMP-1, -8, -13 and 

their regulators in the patients with arterial disease that included carotid artery 

stenosis, AAA, and AOD. The main finding of this study was that the serum 

MMP-8 levels were higher, and MPO levels were lower in patients with arterial 

disease compared to healthy serum values.  

MMPs play an important role in atherosclerosis, plaque formation, platelet 

aggregation, acute coronary syndrome and restenosis, as well as in aortic 

aneurysms (Hansson 2005). Various studies have shown that an increased serum 

level of MMP-8 is a risk for cardiovascular diseases (Kato et al. 2005, Tuomainen 
et al. 2007). In this regard, we evaluated the systemic levels of MMP-8 and their 

regulators in arterial disease. MPO and its oxidative products can perform pro-

inflammatory and pro-atherogenic activities including activation of proMMPs, 

inactivation of TIMPs as well as regulation of PMN recruitment (Weiss 1989). 

MPO is believed to be a powerful predictor for adverse outcome in patients with 

acute CAD (Baldus et al. 2003, Brennan et al. 2003, Tang et al. 2007). On the 

contrary, Kubala and coworkers (2008) showed that plasma MPO concentrations 

were not elevated in patients with stable CAD, supporting previous findings by 

others (Biasucci et al. 1996) that the activation and recruitment of PMN was 

reduced in stable CAD. Thereby, indicating that the systemic release of MPO was 

atypical for asymptomatic CAD.  

Univariate analyses showed that patients with arterial disease had higher 

serum MMP-8 (P<0.001) and TIMP-1 (p=0.04) concentrations, and MMP-

8⁄TIMP-1 ratios (P<0.001) than in a healthy population (Study I, Table 2). 

However, patients had lower serum MPO concentrations than a healthy 

population (Study I, Table 2, P<0.001). In forward stepwise multiple logistic 

regression analysis, the male gender (OR=2.51, 95% CI=1.29–4.90, P<0.01), 

advancing age (OR=1.18⁄year, 95% CI=1.1–1.25, P<0.001), elevated MMP-8 

(OR=1.30⁄ng⁄ml, 95% CI=1.2–1.4, P<0.001), and decreased MPO concentrations 

(OR=0.97⁄ng⁄ml, 95%CI=0.96–0.98, P<0.001) were shown to be risk factors for 



 58

arterial disease. Further examination by the ROC-curve of the logistic models 

showed that advancing age, male gender, elevated serum MMP-8, and decreased 

MPO concentrations were collectively associated with arterial disease with a large 

AUC of 97% and 95% of CI, 0.94–0.99 (p<0.001) (Study I, Fig. 2D). On the 

other hand, when the scatter graph was plotted, we observed that PMN-elastase 

correlated strongly and positively with both MMP-8 and MPO concentrations. 

According to the earlier studies, several types of cells, e.g., macrophages, T-cells, 

neutrophils and also endothelial and smooth muscle cells, can express a range of 

inflammatory markers including various MMPs (Herman et al. 2001) and MPO 

(Eiserich et al. 2002) during the inflammatory process. Concisely, our results 

suggest that neutrophils are the major source of serum MMP-8, MPO and PMN-

elastase in arterial disease. This was supported by our observation that MMP-8 

did not correlate with MMP-1 (Study I, Fig. 1G) and MMP-13 (Study I, Fig. 1H), 

which are the collagenases that are not expressed by neutrophils (Van Lint & 

Libert 2006). 

In conclusion, our study found that the combination of increased levels of 

MMP-8 and decreased MPO could be an important risk marker for arterial 

disease. Although MPO is believed to promote atherosclerosis, our results lend 

support to those studies which found that expression and systemic levels of MPO 

are not elevated in stable CAD (Biasucci et al. 1996, Kubala et al. 2008) with no 

acute ischaemic symptoms. However, systemic MPO level is an emerging 

powerful and rapidly detectable marker for unstable CAD (Baldus et al. 2003, 

Brennan et al. 2003, Tang et al. 2007). Interestingly, the extent of atherosclerotic 

lesion formation was more pronounced in MPO-deficient mice after dietary 

feeding when compared to controls (Brennan et al. 2001). This observation 

suggested no contribution of MPO in rodents. Our findings further support the 

concept that the robust release of MPO from activated neutrophils could signal a 

state of acute inflammation in the coronary circulation preceding myocardial 

injury, but that this marker may not be suitable for use with other arterial diseases 

such as stable CAD.  
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5.2 Study II 

5.2.1 Relation of MMP-8 gene promoter polymorphisms with arterial 

disease and serum MMP-8 concentration in arterial disease 

In the second study, we examined two functionally important SNPs, -799C/T 

(rs11225395) and -381A/G (rs1320632), in the promoter region of MMP-8 gene 

and measured serum MMP-8 concentrations in patients with arterial disease and 

in a healthy population (reference group). Based on our review of the relevant 

literature, our study is the first to examine functionally important MMP-8 SNP 

variations in relation to serum MMP-8 concentrations in arterial disease.  

Univariate analyses showed that the -799CC genotype in the promoter MMP-

8 gene was less frequent in patients when compared with the reference group 

(OR=0.36, 95% CI=0.16–0.81, p=0.012) (Study II, Table 2). Similarly, a gene 

number calculation showed that the patients with arterial disease have lower 

numbers of the -799C allele when compared with the reference group (OR=0.63, 

95% CI=0.43–0.94, p=0.023, Study II, Table 2). No significant differences were 

found in the -381A/G SNP, neither in the genotype (p=0.66), nor in the allele 

frequencies (p=0.86) (Study II, Table 2). In previous studies, the frequency of -

799C allele in patients with brochiectasis and metabolic syndrome was 66.8% 

(Lee et al. 2007) and 66.5% (Aquilante et al. 2007), respectively. In our study, 

allele frequencies of -799C were of the same magnitude: with an allele frequency 

of 59.7% in patients and 70.0% in a healthy population. In vitro study in breast 

cancer (Decock et al. 2007) and study in obstetrical outcomes (Wang et al. 2004) 

have demonstrated that the -799T allele is associated with higher promoter 

activity compared to the C allele. However, no association has been demonstrated 

between MMP-8 SNP and hepatocellular carcinoma (Qiu et al. 2008), 

bronchiectasis (Lee et al. 2007) or metabolic syndrome (Aquilante et al. 2007). 

Multiple logistic regression analyses for the association of the MMP-8-799C/T 

SNPs with arterial disease showed that advancing age (OR=1.192/year, 95% 

CI=1.128–1.259, p<0.001) and high serum MMP-8 concentration 

(OR=1.161/ng/ml, 95% CI=1.099–1.227, p<0.001) were associated with an 

increased risk for arterial disease, whereas the MMP-8-799C allele appeared as 

protective (OR=0.372, 95% CI=0.141–0.980, p=0.045) (Study II, Table 4), which 

persisted after adjustment for age, gender, and MMP-8 and TIMP-1 

concentrations. 
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In the total study population (patients + healthy), subjects who were found to 

have the -799TT genotype (median=8.91, IQR=6.25–19.60) had higher MMP-8 

serum concentrations, when compared with subjects who had the -799CC 

genotype (median=7.51, IQR=3.16–12.23) (p=0.025) (Study II, Fig. 1). However, 

no change in serum MMP-8 concentrations was found in patients who had the -

799TT genotype. Interestingly, our study showed for the first time that a healthy 

population (with the -799TT genotype) had higher serum MMP-8 concentrations 

(median=5.10, IQR=3.08–14.54), when compared with subjects who had the -

799CC genotype (median=3.26, IQR=1.93–6.36) (p=0.047, Study II, Table 3) 

(Fig. 8). In -381A/G SNP, we found no significant change in MMP-8 serum 

concentrations (Study II, Table 3). Also, no significant differences were found by 

others (Aquilante et al. 2007) when investigating the association of MMP-8-

799C/T and -381A/G aiming metabolic syndrome. The previously known putative 

functional significance (Wang et al. 2004, Decock et al. 2007) of the MMP-8 

SNPs probably can be extended: that is, the effects of -799TT genotype in serum 

MMP-8 concentration can be seen only in a healthy population, but not in patients 

with arterial diseases, where a high degree of inflammation is present.  
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Fig. 8. Reference group, association between MMP-8-799C/T SNP with median MMP-8 

serum concentration. 

In addition, arterial disease is a complex group of diseases with inflammatory in 

nature where one phenomenon cannot be solely explained by one risk factor, and 

several components or markers collectively affect the disease outcome. Certain 



61 

inflammatory markers, such as serum MMP-8, were found to be high (Sorsa et al. 
2006, Tuomainen et al. 2007, Momiyama et al. 2010). MMP-8 plays an important 

role in proteolytic degradation and remodeling of various extracellular matrix 

components in both physiologic and pathologic conditions, such as tissue repair, 

angiogenesis, and tumor cell invasion and metastasis. MMP-8 can also, by 

processing the non-matrix bioactive molecules, modify the immune responses and 

participate in anti-inflammatory defensive processes (Owen et al. 2004, Sorsa et 
al. 2004, Gueders et al. 2005, Sorsa et al. 2006, Korpi et al. 2009, Kuula et al. 
2009).  

In conclusion, the -799C allele appeared protective against arterial disease. In 

healthy and total populations, association between the MMP-8-799TT SNP and 

serum median MMP-8 concentrations was observed. However, in the case of 

patients, no direct relation between the MMP-8-799TT SNP and serum median 

MMP-8 concentrations was observed. Interestingly, serum MMP-8 concentrations 

were higher in patients with arterial disease compared to a healthy population, 

which suggests that the genetic variations in the promoter region may have an 

effect at the protein level. However, the genetic effect might remain unseen in 

patients with arterial disease as a consequence of a high inflammatory status 

found in the pathogenesis of the disease. Additionally, our result warrants further 

investigation using a larger number of patients. 

5.3 Study III 

5.3.1 Univariate and multivariate analyses of plasma concentrations 
and patients survival 

In the third study, we measured the plasma concentrations of MMP-8 and TIMP-1 

in patients with HNSCC. We also analysed MMP-8 (rs11225395) and TIMP-1 

(rs723556, rs4898, rs2070584) SNPs. We showed that plasma TIMP-1 

concentrations predict survival in HNSCC. TIMP-1 concentrations were found to 

be associated with TIMP-1 genotypes in women but not in men. MMP-8 

genotype did not correlate with survival or MMP-8 concentration.  

Univariate analyses of plasma concentrations and survival by Kaplan–Meier 

analysis showed that a high plasma TIMP-1 concentration predicted a worse 

prognosis and a low plasma TIMP-1 concentration a better prognosis (Study III, 

Fig. 1, p=0.001). Multivariate analyses by Cox regression also showed that 
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TIMP-1 concentration was significantly associated with survival (HR 23.2, 95% 

CI 1.88–286, p=0.01) as well as associated with disease-free survival (HR 10.2, 

95% CI 1.15–91.4, p=0.04). Our finding, i.e., association between plasma TIMP-

1 concentration and survival in HNSCC, extends previous reports showing a 

similar association in the survival of breast, colorectal, lung, and ovarian cancer 

patients as well as in HNSCC patients (McCarthy et al. 1999, Holten-Andersen et 
al. 2000, Manenti et al. 2003, Schrohl et al. 2003, Gouyer et al. 2005, 

Ruokolainen et al. 2005, Sorensen et al. 2007, Yukawa et al. 2007, Lipton et al. 
2008). However, plasma MMP-8 concentrations did not reveal significant 

association either with patient survival or with lymph node involvement. As 

TIMP-1 forms a 1:1 stoichiometric complex with MMPs, the relatively high 

TIMP-1 concentration in blood may result in low MMP-8 plasma activity. 

Furthermore, if MMP-8 protease activity exerts any anti-tumor activity, this 

probably cannot be mediated through MMP-8 in blood. It is possible that MMP-8 

expression by HNSCC cells does not reflect MMP-8 levels in the peripheral 

blood, even though MMP-8 may have an important role in HNSCC invasion and 

progression. 

5.3.2 Genetic analysis of MMP-8 and TIMP-1 genes 

MMP-8 SNP rs11225395 and TIMP-1 SNPs rs723556, rs4898, and rs2070584 

were studied in patients with HNSCC. Because of an inactivation of one of the 

two TIMP-1 genes in women is polymorphic (Anderson & Brown 1999), analysis 

of the relation of the TIMP-1 genotype to plasma TIMP-1 concentration was done 

separately in women and men. The two TIMP-1 SNPs that were in an almost 

complete linkage, rs4898 within the TIMP-1 gene and rs2070584 located only 0.3 

kB 3’ of the TIMP-1 gene, showed a significant association with plasma TIMP-1 

concentrations in women but not in men, while rs723556 located as far as 10 kB 

5’ of the TIMP-1 gene did not show a significant statistical association with 

plasma TIMP-1 concentrations (Study III, Table 2). The association between the 

plasma TIMP-1 concentrations and TIMP-1 genotype was observed only in 

women. It is probably due to the X-chromosomal location of the TIMP-1 gene 

where one of the two X chromosomes is inactivated in women. However, TIMP-1 

is exceptional, as some women have an active TIMP-1 gene in both of their X 

chromosomes and this polymorphism is genetically regulated (Anderson & 

Brown 1999). MMP-8 genotypes did not associate either with patients’ survival or 

with lymph node involvement. Although MMP-8 may have an important function 
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in HNSCC invasion and progression, our results suggest that MMP-8 SNP 

rs11225395 may not be useful in predicting the outcome of HNSCC. 

5.3.3 TIMP-1 expression in tumor tissue 

Immunohistochemical staining showed that TIMP-1 was expressed in vascular 

endothelium within the tumor (Study III, Fig. 2) as well as in a few carcinoma-

associated fibroblasts surrounding the tumor. This result is consistent with 

previous reports of TIMP-1 expression in breast, colorectal, lung, and gastric 

cancers (Zeng et al. 1995, Fong et al. 1996, Mimori et al. 1997, Ree et al. 1997, 

Inoue et al. 2000, Nakopoulou et al. 2002, Schrohl et al. 2004), tumor vascular 

endothelium (Urbanski et al. 1992, Kossakowska et al. 1993, Jones et al. 1999), 

fibroblasts in the invasive tumor (Holten-Andersen et al. 2005, Christopoulos et 
al. 2007) and also in malignant cells of adenocarcinoma of unknown origin 

(Karavasilis et al. 2005). Most importantly, TIMP-1 promotes cell proliferation 

(Hayakawa et al. 1992, Chirco et al. 2006, Stetler-Stevenson 2008). The cell 

surface receptor that mediates cell proliferation is expressed in vascular 

endothelium (Harrison-Lavoie et al. 2006), where TIMP-1 was up-regulated in 

the tumor. Thereby, TIMP-1 may promote cancer progression by enhancing 

proliferation of endothelium and angiogenesis. 

In conclusion, plasma TIMP-1 concentration predicts survival in HNSCC. 

The TIMP-1 genotype is associated with plasma TIMP-1 concentrations in 

women, which may be due to polymorphic inactivation of the X chromosomal 

TIMP-1 gene. Besides inhibition of MMP-8, TIMP-1 also has a role as a growth 

factor and may directly promote cancer progression. 
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6  Main findings and conclusion 

We hypothesized that systemic levels of MMP-8 correlate with its genetic 

variations and appear as novel risk markers for the diseases. Based on our results, 

the hypothesis raised has been widely confirmed.  

SNPs in the MMP-8 gene associated with the serum MMP-8 concentration 

only in healthy groups. The -799C allele in the promoter region of the MMP-8 

gene appeared protective against arterial disease. On the other hand, the 

combination of a high MMP-8 level and a low MPO level in serum appeared as 

an important risk marker for arterial disease. The MMP-8 genotype may have an 

effect on systemic MMP-8 levels; however, it remained unseen in the patients 

with arterial disease probably due to the strong inflammatory response involved 

in the disease pathogenesis.  

In HNSCC, plasma TIMP-1 concentration is associated with survival 

probably because of the multifunctional properties of TIMP-1 protein, which not 

only acts as an inhibitor of MMP-8 but also as a growth factor which may 

influence HNSCC progression. The TIMP-1 genotype is associated with plasma 

TIMP-1 levels in women, which may be due to polymorphic inactivation of the 

female X chromosomal TIMP-1. 

Thus, MMP-8 has been found to exert both surrogate tissue destructive 

properties and protective defensive characteristics. In conclusion, we have found 

that serum MMP-8 levels can be used as an important risk marker in arterial 

disease and plasma TIMP-1 levels in HNSCC patients. However, we were unable 

to show a direct relationship between MMP-8 SNP and arterial disease or protein 

level. It is probably due to the high inflammatory status in the pathogenesis of the 

arterial disease. On the other hand, plasma MMP-8 level and MMP-8 SNP are not 

useful in predicting the outcome of patients with HNSCC. If MMP-8 plays a role 

in anti-tumorigenic activity or has an important function in HNSCC invasion and 

progression, it is possible that HNSCC cells do not reflect it through MMP-8 in 

the peripheral blood. Interestingly, a high plasma TIMP-1 level predicted a worse 

prognosis and a low concentration a better prognosis, which is probably due to an 

MMP-independent property of TIMP-1, such as cell proliferation. Thereby, 

TIMP-1 may promote and reflect cancer progression. An association between the 

plasma TIMP-1 levels with the TIMP-1 genotype was observed only in women 

but not in men. This result could be explained by the fact that the TIMP-1 gene is 

located on the X chromosome, one of which is usually inactivated in women. 

However, in some women, TIMP-1 is exceptionally active in both their X 
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chromosomes and this is genetically regulated. Additionally, our study has 

warranted the need for further investigation involving a larger number of patients. 

If our results are replicable, serum MMP-8 and plasma TIMP-1 could be used to 

develop diagnostic tools as well as treatment regimes in clinics. 
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