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ABSTRACT

The extracellular matrix (ECM) includes the interstitial matrix and the basement 

membrane (BM). The BMs are specialized sheets of extracellular matrices found in contact 

with the epithelia, endothelia and certain individual cells. They function mainly to organize 

and support tissue architecture as barriers and filters and to regulate cell behaviour. Type IV 

collagen and laminins are the major networking components of the BM. Both these BM 

components are composed of different isoforms of the basic subunits, which confers 

structural and functional diversity to the BMs.  

The loose connective tissue, adipose tissue or fibrous tissue like synovial connective 

tissue is located within the synovial joints and is covered by the synovial lining layer, which 

together form the synovial membrane. Synovial lining layer is the innermost layer the 

synovial membrane, which faces the synovial cavity and synovial fluid. The synovial lining 

or intima lacks a BM but the major networking components of the BMs are found in the 

intracellular spaces in the lining layer. The synovial lining bears some superficial 

resemblance to epithelia but is composed of macrophage-like type A cells and fibroblast-like 

type B cells, which are cemented together by an intercellular matrix, which as mentioned 

seems to contains the major components of the BMs. Unlike the synovial lining, which lacks 

a BM, the salivary glands contains BM which surrounds the acini and the ducts composed of 

salivary gland epithelial cells. 

This thesis aimed to study the composition of two major components of the BM; type 

IV collagen and laminin �4 and �5 in the synovial lining (which contains BM components, 

which however are not organized to a BM) and the BM of the salivary gland and further 

compare the intercellular cementing matrix and epithelial BM in healthy conditions and in 

disease conditions. In parallel this thesis investigates the provisional matrix component of 

endothelial BMs, which is formed upon endothelial cell injury, namely von Willebrand factor 

(vWF). Such provisional matrix contains also other components, such as fibrinogen, 

thrombin, fibronectin and vitronectin. The presence of vWF is an indication of microvascular 

damage which might reflect the pathogenesis of the syndrome and could in part be 

responsible for impaired salivary flow in Sjögren’s syndrome (SS). 
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Rheumatoid arthritis (RA) is a female dominated disease and is characterized by 

chronic, systemic inflammatory disorder affecting especially joints, but also various other 

tissues and organs. It is thought to essentially affect the joints resulting in an inflammatory 

synovitis that has the potential to destroy the articular cartilage and subchondral bone of the 

joints. The main cause of RA is still elusive, but it is well known that autoimmunity plays a 

pivotal role in its chronic nature and promotes progression of the disease. Continuous 

inflammation leads to synovial hyperplasia and, further, in formation of pannus tissue. The 

patients characteristically have polyarticular and symmetrical joint swelling, stiffness and 

pain, which many a times cause functional disability. This inflammatory synovial membrane 

and villous hyperplasia of synovial lining, unlike the normal synovial lining, contains a 

compromised intracellular matrix composition. Our studies showed that certain � chains type 

IV collagen are low in RA compared to control synovial linings, while laminin �5 exhibited a 

pattern of low expression regions at the synovial lining interface towards the joint cavity and 

fluid. Also, high numbers of macrophage-like lining cells containing MMP-9 were found in 

the lining. MMP-9 was also found in the synovial fluid. This causes a considerable 

transmigration of neutrophils into the synovial fluid. Typically in RA patient the synovial 

fluid contains many inflammatory cells, mostly neutrophils, which transmigrate from the 

blood vessels of the synovial tissue to synovial fluid.  

Sjögren’s Syndrome (SS) is another systemic female dominated autoimmune disease, 

characterized by dry eyes (keratoconjunctivitis sicca) and dry mouth (xerostomia) as well as 

fatigue, Raynaud’s phenomenon and arthralgia. It may be primary but may also develop in 

the context of an underlying autoimmune rheumatic disease, like RA. Typically in 

histopathological sections of exocrine salivary glands abundant lymphocyte infiltrates, focal 

adenitisi, along with acinar cell atrophy and ductal cell hyperplasia are found. These findings 

are well characterized and have been known for long but the eventual role of BM for these 

changes is largely unclear. The BM of this tubuloacinar gland undergoes considerable 

changes with regards to its composition. Collagen �1/2 (IV) mRNA was found to be present 

in high amount compared to the other �(IV) chains and also showed intense labelling in 

immunohistochemical staining in normal and SS patients and therefore is thought to forms 

the backbone of this tubuloacinar BM. Some collagen �3(IV) and �4(IV) mRNA was found 

in LSG explants and also in cultured human submandibular cell line, but was not translated to 

the corresponding � chain proteins in the LSG. In healthy glands �5(IV) and �6(IV) chains 

were found to be continuous around ducts but discontinuous around acini. Type IV collagen 
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�5(IV)  and  �6(IV)  mRNAs  were  present  in  LSG  explants  and  HSG  cell  line,  while  in  SS  

these chains seemed to be absent or appear only in patches around the ductal BM and tended 

to be absent around acini in immunohistochemical staining, indicating that their synthesis 

and/or degradation seemed to be locally regulated around acinar cells. Earlier studies from 

our group have shown that in SS laminin �1 and �2 chains are weakly present and laminin �4

was present in areas infiltrated by lymphocytes suggesting that laminin �1, �2, and �4 chains 

were associated with acinar cells, myoepithelial cells, and tissue damage/repair, respectively. 

The provisional matrix component vWF is an oligo- or multimeric interadhesive 

glycoprotein involved in stabilization of factor VIII and in hemostasis. It functions by 

forming bridges between subendothelial perivascular collagens (collagen-binding domains) 

and blood platelets (platelet glycoprotein-binding domain) promoting platelet adhesion to 

sites of vascular damage. Any focal damage to the microvasculature leads to release of von 

Willebrand factor from Weibel-Palade bodies in the endothelial cells and its reciprocal 

deposition in perivascular connective tissue. Thus, vWF serves as a marker of vascular 

damage. Microvasculature in SS showed signs of focal damage which in turn might impair 

arteriolar feeding, capillary transudation and venular drainage of blood. However, capillary 

density was not decreased but rather increased, perhaps as a result of angiogenesis 

compensatory to microvascular damage. Microvascular involvement of LSG may contribute 

to the pathogenesis of this syndrome. 

Thus,  in  this  thesis  we  explored  the  � chain  composition  of  type  IV  collagen  and  

laminin �4 and laminin �5 of the synovial intercellular matrix in healthy controls and 

compare this data with the changes that may occur due to inflammatory tissue destruction 

and/or remodelling in RA. Secondly, we studied the type IV collagen composition of the 

tubuloacinar and the vWF content of the vascular BM of the labial salivary gland in healthy 

controls compared to patients with SS to check if similar changes occur in BMs in two 

different chronic autoimmune diseases. In case of RA the patient controls were from OA 

patients while in SS the controls were obtained from patients who were suspected but did not 

in the final evaluation have SS. In parallel, we investigated vascular endothelium for any 

signs  of  damage  in  SS  which  might  be  the  cause  of  diminished  salivary  flow  and  could  

contribute  to  the  pathogenesis  of  SS.  The  main  molecules  evaluated  in  this  thesis,  type  IV  

collagen, laminins and vWF, were studies at the protein and/or mRNA levels using 
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immunohistochemical staining and quantitative RT-PCR, the other key molecules were also 

studied using zymography.   

This thesis advances our understanding of the major BM components in two different 

tissues subjected to two different but somewhat related autoimmune disease processes at the 

molecular level. 
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REVIEW OF THE LITERATURE

THE EXTRACELLULAR MATRIX  

Overview

he  extracellular  matrix  (ECM)  was  once  thought  to  be  an  inert  scaffold  which  

functions mainly to stabilize the physical structure of the tissue, but now we know 

that it was just an underestimation. The ECM is ubiquitously found surrounding 

cells, cellular structures and organs and fills up the extracellular spaces. Each and every cell 

come in close contact with the ECM, either throughout or at important phases of the cells life, 

it can be either as stem or a progenitor cells or during cell migration and invasion (Hynes, 

2009). It is a dynamic structure which undergoes constant remodelling. The amount and 

molecular composition of the ECM are typical for each tissue and affect the form, physical 

properties,  and  function  of  the  tissue.  The  ECM  includes  the  interstitial  matrix  and  the  

basement membrane (BM) and plays a key role in the maintenance of the tissue architecture, 

continuity and forms filtering passageway barriers for macromolecules and cell trafficking. 

Additionally, it regulates cell behaviour via interactions with the cell surface receptors, 

thereby mediating effects of mechanical loading on cells/tissues and serves as a reservoir of 

growth factors including fibroblast growth factors (FGFs) and vascular endothelial growth 

factors  (VEGFs).  Mutations  in  the  genes  coding  constituents  of  the  ECM  underlie  several  

human diseases. 

The diversity of the ECM is achieved by the variations in the relative amount of the 

different types of matrix macromolecules. This diversity helps to attain the functional 

properties typical of each tissue. For example, the matrix can become calcified to form hard 

structures of bone and teeth, or form transparent matrix such as in cornea or can adopt a rope 

like organization seen in tendons giving them tensile strength whereas at the interface 

between the epithelia and connective tissue the matrix forms the BM with considerable 

T
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mechanical elastic resistance against lateral stretching. The ECM is far from being static and 

is known to constantly undergo remodelling and renewal by the breakdown by proteases 

coupled with resynthesis (Bosman and Stamenkovic, 2003). 

The components of the ECM are largely produced locally by cells in the matrix and 

belong to two main classes; polysaccharide chains of glycosaminoglycans (GAGs), which are 

usually found covalently linked to protein in proteoglycans, and fibrous proteins, including 

collagen, laminin, elastin and fibronectin (Aumailley and Gayraud, 1998). GAGs are 

polysaccharide chains which are unbranched and are composed of repeating disaccharide 

units. One of the repeating disaccharides is always an amino sugar (N-acetylglucosamine or 

N-acetylgalactosamine) which are mostly sulphated, while the second sugar is usually uronic 

acid. GAGs are grouped into major groups, namely hyaluronan, chondroitin sulphate, 

dermatan sulphate, keratan sulphate, heparan sulphate and heparin. This classification is 

based on their sugar constituents, the type of linkage between the component sugars and the 

number and location of the sulphate groups. An important property of GAGs is their strong 

hydrophilicity. They can bind large volumes of water relative to their molecular mass and 

form thus hydrated porous gel suitable for embedding of the fibrous components of the ECM 

and cells. The sulphate or carboxyl groups on most of the sugar make them the most anionic 

molecules produced by animal cells. This high density of the negative charge attracts cations 

(mostly Na+), that are active osmotically thus causing a suction of large amount of water. The 

resultant swelling pressure/turgor enables the matrix to withstand compressive forces. This 

way the matrix of the hyaline articular cartilage, which lines the gliding surfaces of the joints, 

can withstand some hundreds of bars of pressure Alexander (Alberts et al., 2004). 

Collagens are the major fibrous proteins of the ECM and at the same time the most 

abundant fibrous proteins found in humans. They are secreted by the connective tissue cells, 

as well as by a variety of other cell types. Their basic structure is a triple helix composed of �

chains wound around each other in a rope-like structure. They are rich in proline and glycine 

which are important for the formation of triple-stranded helix. Proline stabilises the helical 

conformation in each � chain owing to its ring structure while glycine spaces itself regularly 

at every third residue throughout the central region of the collagen helix. Depending upon the 

� chain composition there are at least 20 different types of collagens for which the functions 

are known but genes for already 28 different collagens have now been identified. An intricate 

association between the different collagen fibrils or networks provides the respective tissue 
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with their tensile strength apart from other biochemical collagen functions. The collagens 

interact specifically with their cell surface receptors thereby playing a role in the 

orchestration of various cell behaviours (Myllyharju and Kivirikko, 2004). There are several 

different classes of collagens such as: fibrillar collagens that occur in the connective tissue 

and usually contain abundantly collagen I, II, III, V, and XI, type I being the most common; 

fibril-associated collagens, such as collagen IX and XII found on the surface of the collagen 

fibrils and thought to link the fibrils to each other and to other ECM components as well as to 

regulate the thickness of the collagen fibers; and network-forming collagens like the type IV 

collagen, which forms a network; while type VII collagen molecules form dimers that 

assemble into specialized structures called anchoring fibrils. Detailed in the table below 

(Table 1). 

Class Type of Collagen 

Fibrillar I, II, III, V, XI, XXIV, XXVII, XXVIII 

3D network (basement membrane) IV

Microfibrils (beaded-filaments) VI

Anchoring fibrils VII 

Hexagonal lattice VIII, X 

Fibril Associated Collagens with 

Interrupted Triple helices (FACIT) 

IX, XII, XIV, XVI, XX, XXI 

FACIT-like XIX, XXII, XXVI 

Transmembrane XIII, XVII, XXIII, XXV 

Multiplexins XV, XVIII 

Table 1: Collagen types 
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Basement membrane components 

As mentioned above, BM and the interstitial matrix make up the ECM. The interstitial 

matrix is found in the intercellular tissue spaces as gels of non-collagenous polysaccharides, 

proteoglycans, glycoproteins and proteins, and the eonforcing fibrous collagenous proteins. 

This arrangement acts as a compression and expansion buffer against the stress placed on the 

ECM (Alberts et al., 2004). BMs are sheet-like interfacial depositions of ECM on which 

various cells rest. These specialized networks of ECM macromolecules surround the 

epithelial, endothelial, muscle, adipose and nerve cells. BM was first identified using light 

microscopy by Robert Todd and William Bowman in 1845 (Merker, 1994), while type IV 

collagen was first isolated from the glomerular BM by Kefalide (Kefalides, 1966). The BMs 

are always in contact with cells where they function to provide structural support, divide 

tissues into compartments and as well as regulate cell behaviour (Aumailley and Timpl, 1986; 

Paulsson, 1992). The BMs are largely composed of type IV collagen, laminins, heparin 

sulphate proteoglycans and nidogen/entactin. These components are large insoluble 

molecules that self assemble to form sheet-like structures. The association of several genetic 

and acquired diseases with defects in the BM components have been detected (Hudson et al., 

1993).  Evidence points out that the BM must be considered, not only as a supporting 

network for various cell types, but also as a potential regulator of cell behaviour (Tamamura 

et al., 2006). 

Type IV collagen 

Collagens type IV as mentioned above is a network forming collagen and constitute a 

major part of the BM and are responsible for its mechanical resistance (Kuhn, 1995). 

Collagen type IV was first identified by Kefalides in 1966 (Kefalides, 1966). Type IV 

collagen is in part synthesized by the adjacent parenchymal cells or by the epithelial or 

endothelial cells themselves (Bosman and Stamenkovic, 2003). The Type IV collagen 

consists of a family of six genetically distinct � chains designated �1-�6. Three � chains 
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assemble into triple-helical collagen molecules that further self associate to form a 

supramolecular network. The �1(IV) and �2(IV) are the classical chains of type IV collagen 

and are widely 

distributed in most 

BMs, while the other 

four chains, ie. �3 (IV), �4(IV), �5(IV), �6(IV) 

chains (novel chains), have a more restricted 

distribution in the BM of selected organs. The classical type IV collagen maintains the cell 

phenotype mediated by the membrane receptor integrin �1�1 and integrin �2�1 (Aumailley 

and Timpl, 1986). Comparatively little is known about the biological implications of type IV 

collagen novel chains. Only few clues about their functions have been found from different 

human genetic diseases in which the gene encoding for a particular type IV collagen � chain 

subunit is mutated or deleted. For example mutation in the genes coding for �5(IV), �3(IV), 

and �4(IV) chains have been described in X-linked and autosomal forms of Alport syndrome 

(Tryggvason, 1996). 

Laminins 

Laminins are ���-heterotrimeric glycoproteins with 30 years long history 

(Miner, 2008). Until now five �-, four �- and three �-chains are known and from them all so 

far known 16 laminin trimers are composed of in different combinations, always of one �-,

one �- and one �- chain. It is highly probable that there exist even more trimer combinations 

yet to be revealed. The �-, �- and � -chains form a triple-helical coiled-coils linked by 

disulfide bridges. The laminin trimer types have several shapes including cruciform, T-, Y- or 

rod-shaped  forms.  The  short  arms  of  the  laminin  which  could  be  2  in  case  of  laminin  

containing �4 chain or 3 in rest of the laminin chains begin from the N-termini (also referred 

to as LN). The globular LN domain is followed by tandems of epidermal growth factor-like 

(LE) domains. The long arm of the laminin structure terminates at the C termini. At the centre 

of the cross all the three chains are bound together by disulphide bridges.  

Figure 1: A hetro trimeric type IV 
collagen chain consisting of � chains 
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The isoforms of laminin are synthesized by a wide variety of cells in a tissue-specific 

manner. Virtually all epithelial cells synthesize laminins, as do smooth, skeletal and cardiac 

muscle cells, nerves, endothelial cells, bone marrow cells and neuroretina. The synthesizing 

cells deposit laminins mostly but not exclusively in the BMs. It is well established that the 

laminins have a wide variety of effects on the adjacent cells which include cell adhesion, 

migration and differentiation. The effects are mostly exerted via integrins. The integrin 

binding specificity of the laminins is predominantly governed by the � chain (Colognato and 

Yurchenco, 2000; Hirosaki, 2000; Hynes, 1992; Ido et al., 2004).  

The primary role of laminins seem to be mediation of the interaction between cells 

and the ECM, including BM (Aumailley and Smyth, 1998). Consequent with the wide range 

of the roles played by laminins in tissue structure and cell function, they are considered to be 

significantly involved in disease processes. The role of laminin in tumour invasion and 

metastasis and in angiogenesis has been intensely studied. These studies have shown that the 

dysregulation of the interaction between cancer cells and the ECM is accompanied by 

aberrant synthesis, chain composition and proteolytic modification of laminins (Patarroyo et 

al., 2002). Viral infection or any incurrent infection that stimulates dendritic or other cells to 

activate the HLA-independent innate immune system could be an environmental trigger for 

inflammatory-autoimmune diseases e.g. via Toll-like receptors (Takeda et al., 2003). Possibly 

these changes lead to liberation of chemokines and upregulation of adhesive molecules that 

direct neutrophil, monocytes and lymphocyte migration into the diseased tissue. X-

chromosome-linked factors might influence apoptosis in patients with RA and SS 

(Nakamura, 2000). Sex steroids produced endocrine glands or in peripheral tissues in 

intracrine processes can also influence cell behaviour and may in part explain the dominance 

of females over males in most autoimmune diseases (Laine et al., 2007; Porola et al., 2008; 

Spaan et al., 2009). 
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Laminin �4 and �5 chains 

The human laminin �4 chain gene, denoted LAMA4, was discovered in 1994 

(Richards et al., 1994). Laminin �4 chain is a truncated laminin � chain with only three 

complete LE domains flanked by two incomplete LE 

domains in the N-terminus. The laminin �4 chain is a 

constituent of at least three laminin trimers, which are 

laminin-411, laminin-421 and laminin-423 previously 

designated as laminin-8, -9, and -14 respectively. The new 

identification system for the laminin trimers uses three 

Arabic numerals, based on �, � and � chain numbers 

(Aumailley et al., 2005). The T shape of the laminin �4 has 

been shown using rotary shadowing electron microscopy 

(Frieser et al., 1997; Kortesmaa et al., 2000). Apart from 

the truncation the laminin �4 is also unique in having 

chondroitin sulphate modification in the N-terminal short 

arm (Kortesmaa et al., 2002; Sasaki et al., 2001). Northern 

blotting of adult human tissues showed high laminin �4

chain mRNA expression in the heart, lung, skin, liver, 

ovary and placenta, but weak expression in intestine, pancreas, testis, prostate and skeletal 

muscles and negligibly expressed in the brain (Richards et al., 1996; Richards et al., 1994). 

The function of �4 chain is largely elusive. In vitro experiments suggest that human 

fibrosarcoma, glioblastoma, lymphoid cells and platelets adhere with variable affinities to 

laminin-411 (Fujiwara et al., 2001; Geberhiwot et al., 2001; Geberhiwot et al., 1999; 

Kortesmaa et al., 2002; Kortesmaa et al., 2000; Pedraza et al., 2000). Laminin-411 has been 

shown to promote migration of human glioma and lymphoid cells (Fujiwara et al., 2001; 

Pedraza et al., 2000; Sixt et al., 2001) . 

The laminin �5 chain was recently identified. The LAMA5 gene encoding laminin �5 was 

first discovered in mouse in 1995 (Miner et al., 1995) and two years later in human (Durkin 

et al., 1997). Laminin �5 one of the three laminin chains in laminin-511, laminin-521 and 

laminin 523, previously known as laminin-10,-11 and -15. Unlike the laminin �4, laminin �5

Figure 2: Laminin chain with 
the �, � and � arms
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appears as a cruciform molecule in rotary shadowing electron microscopy (Doi et al., 2002). 

It is currently acknowledged that laminin �5 is the most widely expressed laminin chain 

(Miner et al., 1998; Miner et al., 1995; Miner et al., 1997; Sorokin et al., 1997a; Sorokin et 

al., 1997b). Among these laminins, laminin-521 isoform has the most restricted distribution, 

for example, it can be found in the glomerular BMs of the kidney, neuromuscular junctions, 

perineurium  of  peripheral  nerves,  and  the  BM  of  arterial  smooth  muscle  cells  (Miner  and  

Patton, 1999). In spite of these data further studies need to be carried out to identify the exact 

physiological role of laminin �5 and subsequently its role in the pathogenesis of human 

diseases. 

Some examples of basement membrane-related diseases 

As examples of BM-related diseases involving type IV collagen are Alport syndrome 

and  Goodpasture  syndrome are  shortly  discussed.  Alport  syndrome is  often  associated  with  

the mutation in the gene encoding type IV collagen �5 chain (Barker et al., 1990; Tryggvason 

et al., 1993) while Goodpasture syndrome is a prototype autoimmune disease characterized 

by the formation of autoantibodies against the heterotrimeric BM collagen type IV, which 

causes a rapidly progressive glomerulonephritis. The pathogenic antibody response is in 

Goodpasture syndrome directed to the non-collagenous (Ninomiya et al., 1995) domain of the 

�3 chain of type IV collagen (� 3(IV)NC1). 

Alport syndrome is a hereditary disease affecting the kidney in particular and presents 

itself with symptoms like hematuria, sensorineural hearing loss and ocular lesions with 

structural defects in the BM in the kidney, inner ear and eye. The COL4A5 mutation causes 

structural and functional defects in the type IV collagen molecule consequently in the 

glomerular BM network, vestibulocochlear nerve (statoacoustic) and eye abnormalities. It is 

primarily X chromosome-linked with mutation in the COL4A5 gene encoding the �5(IV) 

collagen chain (Barker et al., 1990; Tryggvason et al., 1993). At least 50 different mutations 

have been identified in the COLA5 gene, including single base mutations, large deletions, 

and other major rearrangements such as inversions, insertions and duplications (Tryggvason 

et al., 1993).  
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In addition to Alport syndrome and Goodpasture syndrome, diabetic nephropathy 

involves a disruption of the glomerular BM. Here due to microangiopathy the ECM protein 

deposition, for example collagen types I, IV, V, and VI; fibronectin, and laminin, are 

augmented by TGF-�1, thus inducing mesangial expansion and glomerular BM thickening. 

Additionally, enzymatic degradation of ECM is low due to decreased expression of MMP-2 

and 3 and increased  expression of  tissue inhibitor of metalloproteinase (TIMP) and 

subsequently contributes to an excessive accumulation (Schena and Gesualdo, 2005; 

Tsilibary, 2003). Annother example of a BM related could be epidermolysis bullosa (EB) 

which comprise of a group of heritable blistering disorders caused by mutations in ten genes 

expressed in the cutaneous basement membrane (Tamai et al., 2009). 

PROVISIONAL MATRIX COMPONENT- VON WILLEBRAND 

FACTOR 

The usual response to injury involves an intricately orchestrated series of events that 

include coagulation, inflammation, angiogenesis, epithelialisation and fibroplasias. The first 

step, coagulation, provides hemostasis and establishes temporary ECM scaffolding for 

cellular migration.  Angiogenesis is yet another critical step in wound healing and must occur 

in  the  provisional  matrix.  The  major  ECM  components,  type  IV  collagen  and  laminins  are  

found in the subendothelial space of quiescent dermal micro vessels. During injury the 

microenvironment undergoes significant alterations to form a provisional matrix which is rich 

in von Willebrand factor, fibrinogen, thrombin, fibronectin and vitronectin (Clark et al., 

1996). This provisional matrix molecule provides essential regulatory signals for endothelial 

cell adhesion, proliferation and gene expression. Though angiogenesis is promoted by growth 

factors and various other stimuli, for example fibroblast growth factor (FGF) released at the 

sight of injury, the ECM environment regulates the cellular response (Isik et al., 1998).   

Von Willebrand factor (vWF), is a large glycoprotein encoded by a gene on 

chromosome 12. It is synthesized by vascular endothelial cells and megakaryocytes and 

circulates in the human plasma. Here it forms a noncovalent complex with coagulation with 

factor VIII, which is important for the normal survival of factor VIII. Another important 
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function of vWF is the formation of platelet plugs at sites of endothelial damage. The vWF 

binds to the exposed subendothelium and forms a bridge between the surface and the 

platelets. These function are facilitated by the peculiar structure of vWF which is arranged in 

multimers. vWF is secreted from the endothelial cells in a bipolar manner, through both the 

luminal and abluminal membranes. Through the latter some vWF is deposited into the 

vascular endothelium, where it acts as an extracellular matrix protein to bridge circulating 

platelets (Mannucci, 1998). Von Willebrand factor is not synthesized and/or stored by any 

other cells. The secretion of vWF follows three routes: 1) the constitutive secretion is a 

continuous process of release and requires no cellular stimulation; 2) the regulated release of 

vWF occurs from the Weibel-Palade bodies upon cellular stimulation, in response to 

secretagogues, or upon vascular endothelial cell damage; 3) a third pathway involves both of 

the above so that processed vWF from the Golgi complex is targeted to storage granules as in 

regulated secretion but is continuously secreted from this storage pool without provocation 

(constitutive-like secretion or basal secretion) (Johnsen and Lopez, 2008). In 

immunohistopathology vWF is therefore often used as a specific immunohistochemical 

endothelial cell marker. Its location relates to its hemostasis-specific dual function. 

MATRIX DEGRADING PROTEINASES 

Serine proteinases 

There are three serine proteinases of the chymotrypsin family in human 

polymorphonuclear neutrophilic granulocytes (PMNs), human NE, proteinase 3 and Cath G. 

They are homologous proteinases evolved from a common ancestor by gene duplication 

(Salvesen and Enghild, 1991). These serine proteases are stored in the primary or azurophilic 

granules of the PMNs.  

PMNs produce elastase in excess and the total amount of elastase in a single cell is 

estimated to be up to 3 pg (Liou and Campbell, 1995). Such a high concentration of the 
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human neutrophil enzyme is tightly regulated by compartmentalization in the primary 

granules. Upon PMN activation the azurophil granules release elastase into the extracellular 

space  but  it  remains  in  part  associated  with  the  outer  PMN  plasma  membrane  (Allen  and  

Tracy, 1995; Owen and Campbell, 1995). These serine proteinases were first identified as 

enzymes responsible for the degradation and elimination of intracellular pathogens and 

breaking down tissues at inflammatory sites (Baggiolini et al., 1979; Janoff and Scherer, 

1968) and were therefore seen as possible molecular targets for anti-inflammatory agents 

(Virca et al., 1984).  

Circulating PMNs are the first cells to reach the site of acute inflammation by 

extravasation. The PMNs extravagate to the site of inflammation to provide a primary line of 

defence against bacterial infections. The neutrophil serine proteinase damage and digest the 

phagocytosed microorganism together with NADPH-oxidase system producing reactive 

oxygen species. The neutrophil serine proteinases released from the PMNs are important in 

the regulation of the innate immunity, inflammation and infection (Bank and Ansorge, 2001; 

Wiedow and Meyer-Hoffert, 2005). They are also well known to destroy components of the 

ECM components. This paradoxical protective and destructive function has attracted great 

interest over the past decade (Bank and Ansorge, 2001). Neutrophil serine proteinases are 

implicated in a variety of infectious-inflammatory diseases, like lung disease (Kawabata et 

al., 2002; Lee and Downey, 2001; Moraes et al., 2003) and non-infectious inflammatory 

disease such as glomerulonephritis and arthritis (Liu et al., 2000; Schrijver et al., 1989).  

A proper balance between proteinases and their natural inhibitors is essential, but 

during inflammation there is a dysregulation between the protease-antiprotease balance, 

leading to activation of proinflammatory mediators. PMNs are recruited via increased IL-8 

production (Nathan, 2002; Pham, 2006; Taggart et al., 2005). In contrast to OA, patients with 

RA have  significantly  increased  level  of  Cath  G activity  (Miyata  et  al.,  2007).   It  is  still  a  

mystery to the scientific community how secreted proteinases remain enzymatically active 

and contribute to the chronicity of inflammation by cleavage of extracellular target proteins 

in an environment most often replenished with inhibitors. 
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Type IV collagenases 

As discussed earlier, the covalently crosslinked, polymeric network of type IV 

collagen provides structural integrity to BMs and synovial lining, therefore, in earlier times 

the term type IV collagenase was in frequent use for the enzyme able to degrade BM type IV 

collagen. We know them today as MMP-2 and MMP-9. These MMPs degrade several 

substrates, including gelatine, which is denatured collagen, and were also earlier known as 

gelatinase A and gelatinase B, respectively. 

The MMPs form a class of 25 enzymes that are synthesized as latent zymogens 

(Overall and Kleifeld, 2006; Page-McCaw et al., 2007). When productive conformational 

changes occur between the autoinhibitory prodomain of MMP and its catalytic domain, the 

proteolytic activity is unmasked. They are zinc-dependent endopeptidases and are capable of 

degrading essentially all ECM components. The MMPs can be synthesised by several 

different cell types such as fibroblasts, macrophages, endothelial cells, mast cells, and 

eosinophils. The activity of the MMPs can be specifically inhibited by TIMPs (tissue 

inhibitors of metalloproteinases). MMPs can be induced by various cytokines and growth 

factors. Further studies have shown that MMPs play an important role in proteolytic 

remodelling of extracellular matrix in various physiologic situations which including 

developmental tissue morphogenesis, tissue repair, and angiogenesis. Besides, MMPs also 

play a key role in excessive breakdown of connective tissue components for example in RA, 

OA, chronic ulcers, dermal photoageing, and periodontitis, as well as in tumour cell invasion 

and metastasis (Kähäri and Saarialho-Kere, 1997). With regards to BM remodelling, attention 

has long been focused on MMP-2 and MMP-9. These metalloproteinase were found to be 

widely expressed during the remodelling of normal and neoplastic tissue (Liotta and Kohn, 

2001; Masson et al., 2005; Zeisberg et al., 2006). Besides, MMPs can proteolytically activate 

and release biologically active fragments from ECM (Kähäri and Ala-Aho, 2009) 

Expression of CD147 which is an extracellular matrix metalloprotease inducer has 

been shown to be more intensely expressed in the RA synovial fibroblast than in OA 

(Konttinen et al., 2000b; Zhu et al., 2006). It can be supposed that the this increased 

expression of CD147 is in part responsible for elevated levels of MMPs. MMP-2 and MMP-9 

are strongly expressed in RA. 
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THE SYNOVIAL JOINT 

Synovium covers the non-cartilage part of the interior surface of the healthy synovial 

joint cavities and regulates in part the transport of nutrients and other molecules between the 

synovial tissue and joint cavity and the avascular articular cartilage. The synovial lining 

covering the synovial membrane consists of few cell layers of macrophage-like type A and 

fibroblast-like type B synoviocytes (Smith et al., 2003). Type A synoviocytes actively uptake 

foreign substances that are injected into the joint cavity While the type B synthesize and 

secrete ECM components including collagen, hyaluronan, proteoglycans into the interstitium 

and synovial fluid. It probably also synthesises the intercellular cementing substance 

containing BM components located between the lining cells (Iwanaga et al., 2000). 

In normal condition the synovial membrane contains blood vessels and 

lymphatic vessels (�eponis et al., 1996a). Synovial membrane can be well-vascularized loose 

connective tissue, fat tissue or relatively fibrous tissue. Oxygenation and nutrition is 

facilitated from this sublining layer, in part via rich sublining microvasculature and by the 

presence of fenestrated capillaries. 

Hydrophilic hyaluronan is removed from synovial fluid and membrane via 

lymphatic vessels, with muscle pump acting as the pumping force. Fibroblasts and fibroblast-

like cells are considered to replenish mainly via local proliferation (Nykanen et al., 1986). 

Tissue macrophages are formed from monocytes migrating out of the blood stream. These 

macrophages further accumulate in the stroma of the synovial membrane and in the synovial 

lining (Dreher, 1982; Edwards and Willoughby, 1982). Mast cells are formed by recruitment 

and local differentiation of circulating precursor cells (�eponis et al., 1998). It has been also 

recently demonstrated that this migration in dependent on distinct enzymes. Macrophages in 

the synovial stroma and lining play an important role in the synovial homeostasis by handling 

apoptotic cells without causing inflammation.  

Healthy synovial fluid normally contains <0.2 X 109 leukocytes per litre and <25% of 

them are polymorphonuclear neutrophilic granulocytes (PMN). Synovial fluid is considered 

as an ultrafiltrate of plasma, with hyaluronan from the fibroblast-like type B lining cells 

added.
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RHEUMATOID ARTHRITIS 

Introduction 

Rheumatoid arthritis (RA) is defined as a condition characterized by polyarticular 

swelling and morning stiffness in multiple joints, including those of the hands, with midline 

symmetry and rheumatoid nodules, 

usually presenting with rheumatoid factor 

(and/or anti-cyclic citrullinated peptide 

antibodies) and with a tendency to lead to 

bony erosion. These changes lead to joint 

tenderness and even joint pain. Usually 

inflammation is first seen in the small 

joints  of  the  hands  and  feet,  but  any  

synovial joint can be affected. RA can 

make the joints feel stiff in particular in 

the morning and makes the patient feel generally 

unwell and tired. 

Rheumatoid arthritis (RA) is the most common autoimmune musculoskeletal disease 

in human beings. It has been found in 0.5– 1.1% of the general population in studies carried 

out in Northern European and North American areas (Alamanos and Drosos, 2005). The 

cause of RA is still not known, but autoimmunity plays a pivotal role in its chronicity and 

progression of the disease. It is assumed that an unknown antigen reaches the synovial tissue 

thereby initiating a local response leading to synovitis.  

The synovial membrane comprises of two cell types, macrophage-like and fibroblast-

like  synoviocytes.  In  RA  the  synovial  membrane  is  invaded  by  T  and  B  cells  and  

macrophages (Konttinen et al., 1981). In RA the affected joints become hyperplastic due to 

the proliferation of synovial cells (Qu et al., 1994) and massive infiltration by inflammatory 

cells (Kraan et al., 1998). Consequently the synovial lining layer increases in thickness up to 

Figure 3: Synovial joint in normal 
and arthritic condition 
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10-20 cell layers and displays villus formation. As the disease progresses the fibroblast-like 

synoviocytes proliferate and macrophage-like cells are recruited from the circulation so that 

the lining becomes hyperplastic and invasive destroying the articular cartilage and the 

underlying bone (Strand et al., 2007). 

The  aetiology  and  also  the  pathogenesis  of  RA  are  still  to  a  large  extent  unknown  

(Strand et al., 2007). Earlier studies have attempted to investigate and quantify the genetic 

and environmental factors that contribute 

to  RA.  Quantitative  genetic  analysis  

conducted in the UK and Finland on 

twins using different study designs have 

shown approximately 60% heritability 

which did not differ by sex, age, age of 

onset and disease severity (MacGregor et 

al.,  2000).  On  the  other  hand  the  

environmental factors such as smoking 

strongly influences the disease risk of 

RF-seropositive RA associated with one 

of the classic genetic risk factors for 

immune-mediated diseases (the SE of HLA–DR) (Padyukov et al., 2004). In diseased 

synovium, proliferation of the synovial lining cells and infiltration of inflammatory cells 

result in hypoxic conditions in the tissue. This is because of increasing distance to the blood 

vessel (hypertrophy) and increased demand for oxygen in these vasculature-deprived 

hyperplastic regions. Therefore, reactive neovascularisation is commonly observed in these 

regions (Paleolog, 2002; Roccaro et al., 2005). It is not clearly known what initiates the initial 

proliferation of the synovial fibroblasts and the recruitment of stromal and lining 

monocytes/macrophage in the early stages of RA (Ospelt et al., 2004). It has been suggested 

that the increasing number of RA synovial fibroblast in the synovial lining layer may be due 

to an diminished apoptosis (Seemayer et al., 2003). Tumour necrosis factor-� (TNF-�) which 

is one of the key molecules driving inflammatory processes in RA synovium, has an 

antiapoptotic effect (Wang et al., 2006a). Apart from PMNs in RA synovial fluid, 

macrophages are key players in promoting inflammation and joint destruction in RA by 

secreting proinflammatory cytokines such as interleukin-1 (IL-1) and TNF-� (Ma and Pope, 

2005). Activation of macrophages takes place in the RA synovium by several mechanisms, 

Figure 4: A 39 year old female diagnosed with 
RA. Swollen II and III PIP joints (also II and 
III MCP joints were swollen).
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for example by activation by T cells that secrete stimulatory cytokines, such as interferon-�

(IFN-�)  and  interleukin-2  (IL-2).  Also  direct  cell-cell  contact  between  macrophages  and  T  

cells can result in macrophage activation (Ma and Pope, 2005). RA synovial T cells are able 

to induce chemokine production by monocytes in a cell-contact-dependent manner (Beech et 

al., 2006). First and foremost, there is evidence that B cells and T cells play an important role 

in the pathogenesis of RA (Leipe et al., 2005; Samuels et al., 2005; Skapenko et al., 2005). 

Therefore in patients with RA it is not surprising to find antibodies directed against self-

antigens that can be found prior to the clinical onset of the disease (Aho et al., 1985; Leslie et 

al., 2001). 

Diagnostic criteria of rheumatoid arthritis 

The American College of Rheumatology has defined (1987) the following criteria for 

the classification of RA: 

� Morning stiffness of >1 hour most mornings for at least 6 weeks. 

� Arthritis and soft-tissue swelling of >3 of 14 joints/joint groups, present for at 

least 6 weeks 

� Arthritis of hand joints, present for at least 6 weeks 

� Symmetric arthritis, present for at least 6 weeks 

� Subcutaneous nodules in specific places 

� Rheumatoid factor at a level above the 95th percentile 

� Radiological changes suggestive of joint erosion 

At least four criteria have to be met for classification as RA.  

These criteria were primarily intended to categorize research but are also used for 

clinical diagnosis. One of the criteria is the presence of bone erosion on X-ray. Prevention of 

bone erosion is one of the main aims of treatment because it is generally irreversible. To wait 

until  all  of  the  ACR  criteria  for  RA  are  met  would  result  in  a  poor  outcome.  It  is  

recommended to treat the condition as early as possible and prevent bone erosion from 
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occurring by using combination treatment, saw tooth strategy and biologicals. The ACR 

criteria are very useful for categorising established RA, for example for epidemiological 

purposes. 

Pathomechanism regarding synovial fluid neutrophils 

The synovial fluid normally contains <0.2 X 109 leukocytes per litre, compared to 4-

10 x 109/l in peripheral blood, and <25% of them are PMNs. During inflammation a number 

of inflammatory and chemotactic mediators are released in the joints, which increase the 

vascular permeability and lead to an extensive recruitment of neutrophils and mononuclear 

cells (lymphocytes and monocytes). This migration is directed outward from the circulation 

to the site of cellular infiltrates and damaged tissue areas so that mononuclear round cells are 

in RA found in the synovial tissue and PMNs in the synovial fluid. This migration requires 

passage through the vascular endothelium and subendothelial BM and for the neutrophils, 

further through the synovial lining (Heck et al., 1990). The process of chemotaxis and 

diapedesis is not yet well understood, but it is known that the infiltration of a large number of 

neutrophils coupled with release of reactive oxygen metabolites and secretion of neutrophil 

proteinases can lead to tissue destruction (Henson and Johnston, 1987). Chemokines play a 

role in migration of circulating cells. They play a substantial role in RA by promoting 

leukocyte trafficking first into the synovium (Tarrant and Patel, 2006; Vergunst et al., 2005) 

and in the case of PMNs in particular further to the synovial fluid. Earlier, several studies 

have suggested that BM degradation mediated by neutrophils occur mainly as a result of 

secretion of the serine proteinases- elastase and Cath G (Davies et al., 1978; Mainardi et al., 

1980; Pipoly and Crouch, 1987; Vissers et al., 1984). Enzyme mediated degradation of BM 

can be augmented by the reactive oxygen metabolites produced by the neutrophil, and/or by 

the endothelial cells or injured tissue (Shah, 1989). There is evidence that type IV collagen is 

a potential target for NE (Davies et al., 1978; Mainardi et al., 1980; Pipoly and Crouch, 1987; 

Vissers et al., 1984).  
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Pharmacology: Biological therapies of rheumatoid arthritis 

Four biological therapies which inhibit TNF-� are currently in the market, these 

therapies include three monoclonal antibodies infliximab, adalimumab and certolizumab 

pegol and a fusion protein of the extracellular domain of p75TNF-� receptor, etanercept. 

However,  monoclonal  antibodies  that  target  T-cell-surface  antigens  were  the  first  to  be  

systematically  tested  in  RA.  These  agents  were  capable  of  reversing  autoimmunity  and  

transplant rejection (Cobbold et al., 1992). Co-stimulatory signal inhibitor, cytotoxic T 

lymphocyte-associated protein 4-immunoglobulin abatacept, was recently approved for the 

treatment of RA. Apart from targeting the T-cells promising clinical findings have emerged 

using monoclonal antibodies and fusion proteins targeting B cell surface antigens and the 

TNF family of B-cell-survival factors. These include rituximab (anti-CD20), epratuzumab 

(anti-CD22) and belimumab (anti-B-lymphocyte stimulator/B-cell-activating factor of the 

TNF family, anti-BLyS/BAFF). 

The use of rituximab in RA was based on the observation in lymphoma patients with 

co-existing arthritis. Even though the B-cell depletion from the peripheral blood can be rapid, 

the maximum therapeutic effect in RA occurs at or after 12 weeks (Leandro et al., 2006). 

Anakinra which is an IL-1 receptor antagonist haven’t proven to be successful while 

tocilizumab which is an IL-6 receptor antagonist was approved by the European Medicines 

Agency (EMEA) in 2009 for the treatment of RA. 

Monoclonal antibodies against integrins have gained considerable interest in the 

recent years. The discovery of a number of small-molecule integrin antagonists which could 

be either a peptide or a nonpeptide peptidomimetics that would have the ability to inhibit 

various integrins and therefore be useful in treating chronic diseases such as RA (�et al., 

2009)
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THE SALIVARY GLAND 

Saliva is the major product of the salivary glands and its production ranges to about 

one and a half litre per day. The composition of the saliva is unique and it functions in the 

preliminary digestion of food, maintains moisture 

in the oral cavity thereby maintaining the health of 

the teeth and mucosa. The components of saliva 

include various digestive proteins, glycoproteins 

(mucus), ions, water and immunoglobulin A 

(IgA). The major salivary glands in humans are 

the submandibular gland which produces 70% of 

the saliva, the parotid gland producing about 25% 

of amylase rich saliva. The submandibular, parotid 

and the sublingual glands that can be collectively 

called as tubuloacinar glands owing to the flow of 

saliva from the secretory structure known as the 

acini into the oral cavity via a branching tubular 

system. The submandibular glands are mixed 

seomucous glands whereas sublingual gland contain mucous producing acini parotid gland 

only contains serous acini. 

The saliva from the acinus flows into the intercalated ducts. The intercalated ducts 

then lead saliva into the secretory ducts. These striated ducts contain very high density of 

mitochondria. In light microscope these mitochondria are arranged in a vertical orientation to 

the longitudinal axis of the duct inside similarly oriented apical plasma membrane folds. 

Finally saliva flows to oral cavity via intralobar, interlobular and secretory ducts. The cells of 

the striated duct modify the saliva by the addition of ions and water by active transport. These 

water and ions are derived from the surrounding blood capillaries  

The saliva contains electrolytes and many salivary proteins, including 

immunoglobulins and antimicrobial proteins, apart from water. Maintenance of this moist 

environment is of prime importance not only for healthy teeth but also for other 

microbiological and medical reasons.  

Figure 5: Salivary gland showing the 
duct system 
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SJÖGREN’S SYNDROME 

Introduction 

The credit for the first description of SS is generally given to Mikulicz, who in 1892 

described a 42 year old man with bilateral enlargement of the parotid and lacrimal glands 

associated with small round cell infiltrates. But the term Mikulicz’s syndrome could 

encompass many different entities, including tuberculosis, other infections, sarcoidosis and 

lymphoma and is not much used today. The Swedish ophthalmologist Henrik Sjögren in 1933 

described in his thesis clinical and histological findings in 19 women, 13 of whom had 

probable RA, with dry mouth and eyes (Sjögren, 1933). SS is usually divided into primary SS 

(pSS), if it evolves without co-existing connective tissue disease and secondary if it is 

associated with another connective tissue disease, usually RA, systemic lupus erythematosus 

or scleroderma (Moutsopoulos H. M, 1994). 

After the migration of dendritic cells and lymphocytes to the gland in response to the 

chemokines and adherence to specific vascular adhesion molecules, lymphocytes interact 

with the dendritic cells and epithelial cells (Jonsson et al., 2003). The activation of the T and 

B lymphocytes in the glands (also other lymphoid tissue), occur by means of HLA-DR-

restricted antigen presenting cells in the presence of co-stimulatory molecules. This acquired 

immune system perpetuates immune response leading to the production of memory 

lymphocytes and auto antibodies (Sawalha et al., 2003). Extraglandular manifestations occur 

as a result of lymphocytic infiltration into other tissue or generation of pathogenetic 

autoantibodies and immune complexes. It should also be considered that innate and adaptive 

immune systems are mutually costimulatory (Santiago-Raber et al., 2003).  

Robert Fox proposed a pathogenesis model for SS in the journal the Lancet in 2005 

(Fox, 2005), as follows: 

a) An initial insult (viral or non-viral) to the gland leading to cellular necrosis or apoptosis 

with subsequent expression of the Sjögren’s SS-A protein on the glandular-cell surface 
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b) Production of cytokines by the injured gland that up-regulate chemokines and cell 

adhesion molecules on the high endothelial venules of the gland, a process that promotes the 

migration (homing) of lymphocytes and dendritic cells into the gland 

c) Production of antibodies to SS-A antigen presented by HLA-DR-positive antigen 

presenting cells by B lymphocytes under the influence of T-helper lymphocytes 

d) Formation of immune complexes containing anti-SS-A antibodies and ribonucleoprotien 

that binds to dendritic cells in the gland by via Fc� type IIa receptors and after internalization 

stimulates their Toll like receptor 7. 

e) Production type 1 � and � interferons by the plasmacytoid dendritic cells, which further 

perpetuate the process of the lymphocyte homing, lymphocyte and MMP, and apoptosis of 

glandular cells. 

The primary SS is a systemic autoimmune disorder with a population prevalence of 

about 0.5-1% and with a male to female ratio of 1:9. The prevalence of secondary SS appears 

to vary between different connective tissue diseases with prevalence of 9-19% having 

reported in SLE patients, 4-31 % in RA patients, and 14-20 % in scleroderma patients 

(Avouac et al., 2006; Gilboe et al., 2001; Manoussakis et al., 2004; Ramos-Casals et al., 

2007). SS is one of the three most common autoimmune disorders (Binard et al., 2007; 

Pillemer et al., 2001). There are two age peaks of primary SS, the first being after menarche 

during the 20s to 30s and the second after menopause in the mid 50’s (Fox, 2005).  
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Diagnostic criteria of Sjögren’s syndrome 

Various sets of criteria have been used for the classification of SS. The Copenhagen 

criteria from 1984 (Manthorpe et al., 1986), the preliminary European Community criteria 

from 1993 (EC93) (Vitali et al., 1993), the modified European Community criteria from 1996 

(EC96) (Vitali et al., 1996) and the American-European Consensus criteria from 2002 (Vitali 

et al., 2002). According to the later, four inclusion criteria must be fulfilled to be classified as 

classical primary SS and must always include one of the two autoimmune criteria. The 

inclusion criteria’s are: 

� dry eyes for more than 3 months, gritty feeling in the eyes or use of artificial 

tears for more than 3 times a day, 

� dry mouth for more than 3 months, enlarged parotid glands or a need to drink 

water when eating dry food.  

� less than 5 mm/5 min of resting lacrimal fluid in Schirmer-1 blotting paper test 

or a damage score of the conjunctiva and cornea of at least 4 in Rose Bengal 

or other vital stain (Lissamine Green or fluorescein) test 

� pathological scintigraphy, sialography or sialometry 

� Focus score (the number of lymphocyte infiltrates/4 mm2) is at least one in the 

labial salivary glands 

� SS-A/Ro and/or SS-B/La autoantibodies 

For the evaluation of the presence and degree of autoimmune inflammation in 

exocrine glands, minor salivary glands can be easily obtained by a lower lip biopsy or 

actually LSG biopsy for histopathological evaluation. The presence of focal sialoadenitis, 

represented by a focus of lymphocytes (i.e. �50) aggregated around salivary gland ducts, is 

characteristic of the autoimmune inflammation in the exocrine glands (Chisholm and Mason, 

1968; Greenspan et al., 1974). The number of foci found in a cross section of 4 mm2 of 

glandular tissue �1 is characteristic of SS (Vitali et al., 2002).  
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Pathomechanisms of Sjögren’s syndrome 

After indepth study, which still continues, of the underlying cause of SS it could 

broadly be considered multifactorial. For research purpose the affected tissue can be obtained 

easily in SS by minor salivary gland biopsy. The initial steps in pathogenesis have been 

suggested to involve glandular vascular endothelial cells, the glandular epithelial cells, or the 

underlying stromal and dendritic cells (Tapinos et al., 1999). 

The apoptosis may play a vital role in the pathophysiology of salivary gland, such as 

the destruction of the salivary acini in SS (Manganelli and Fietta, 2003). Defects in the 

apoptosis in lymphocytes could result in the accumulation of lymphoid cells in the affected 

tissue. An increase in the apoptosis of the exocrine gland epithelial cells could impair 

secretory function and the resulting exposure of intracellular autoantigens, might evoke or 

enhance autoantibody production (Itoh et al., 1991). The apoptotic processes in salivary 

glands  of  patients  with  SS are  not  clear.  A potential  source  for  renewal  of  lost  acinar  cells  

could be progenitor cells in the intercalated ducts (Eversole, 1971; Kishi et al., 2006; 

Vugman and Hand, 1995). These progenitor cells contribute to the renewal of acinar cells via 

differentiation, though acinar cells may also be renewed by autologous cell division (Denny 

and Denny, 1999). Salivary gland intercalated duct was the source of the HSG cell line 

(Shirasuna et al., 1981), which forms a potential model for the repopulation of damaged 

acinar cells from their progenitors. These HSG cells are capable of morphodifferentiation to 

acinar cells on culture on BM extracts (Matrigel) upon contact with laminin �1 chain, a 

component of the BM Lm-111. These early morphological and functional differentiation 

events have been previously studied by several investigators (Crema et al., 2006; Hoffman et 

al., 1996; Jung et al., 2000; Royce et al., 1993; Vag et al., 2007; Zheng et al., 1998), but only 

recently this same laminin Lm-111 was described in the BM of the LSG acini (Laine et al., 

2004). Recently these cells and their LSG counterparts have been shown to contain intracrine 

dehydroepiandrosterone prohormone metabolizing enzymes (Spaan et al., 2009) and to be 

responsive to it and its metabolite (Laine et al., 2007). 
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Pharmacological treatment of Sjögren’s syndrome 

The treatment of SS is symptomatic including management of non-visceral 

manifestations and visceral involvement. Arthralgia and myalgia are examples of non-

visceral manifestations and are treated with salicylates, other non-steroidal anti-inflammatory 

drugs, coxibids and hydroxychloroquine. Glucocorticosteroids are used in patients with SLE 

with secondary SS but can cause adverse events. Decrease in salivary flow may result in 

dysphagia and decrease in oesophageal motility thereby lowering the tolerance to NSAIDs in 

patients  suffering  from  arthralgia  (Belafsky  and  Postma,  2003).  In  SS  with  the  visceral  

involvement like vasculitic skin lesion, pneumonitis, nephropathy and nephritis 

hydroxylchloroquine, glucocorticosteroids, azathioprine and methotrexate can be used (Fox, 

2005).

One  of  the  most  commonly  used  forms  of  systemic  treatment  in  SS  is  the  use  of  

secreatagogues pilocarpine and cevimeline or agents changing the consistency of saliva such 

as bromhexine (Misawa et al., 1985; Vlachoyiannopoulos, 1998). These drugs exert their 

effects by stimulating mainly the M3 muscarinic receptor for acetylcholine, and they have 

been shown to increase the salivary flow rates and ameliorate oral and ocular symptoms in 

placebo-controlled trials (Petrone et al., 2002; Thanou-Stavraki and James, 2008; Vivino et 

al., 1999). The M3 isoform of the muscarinic receptor is an important neurotransmitter 

receptor involved in salivary fluid secretion (Bacman et al., 1998; Bacman et al., 1996; Fox et 

al., 2001). In primary SS and secondary SS the presence of antimuscarinic M3 receptor 

antiantibody  has  been  reported  (Waterman  et  al.,  2000).  However,  the  presence  of  the  M3  

receptor elsewhere in the body makes some patients experience adverse effects of the drug, 

e.g. sweating, abdominal distress, and aggravated irritable bladder symptoms (Thanou-

Stavraki and James, 2008). 

Rituximab has shown to be useful in primary SS associated non-Hodkin’s lymphoma 

and it also seems to be able to improve systemic manifestations of SS, such as fatigue, 

synovitis, arthralgia, cryoglobulinaemia-related vasculitis, neurological, renal and pulmonary 

involvement (Isaksen et al., 2008). 
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AIMS OF THE STUDY

The BM is essential for providing support and anchorage for cell they also play a role 

in the intercellular communication. It also sequesters various growth factors acting as a local 

depot. Amongst the other components of the ECM, type IV collagen and laminins form the 

major part of its composition. Therefore we aimed to identify the composition of these major 

components in the BM in two specific tissues, namely the labial salivary gland and the 

synovial  membrane.  These  two  tissues  are  in  particular  greatly  affected  in  SS  and  RA,  

respectively, which fall into the class of rheumatic diseases. 

Subsequently we went a step further to investigate the presence of the vascular 

endothelial cell marker which is a provisional matrix component- von Willebrand factor, in 

the healthy and diseased labial salivary gland.  

Specifically, the aims of the thesis were; 

1) to define the � chain composition of the intercellular cementing substance between 

the macrophage-like type A and the fibroblast-like type IV collagen in the synovial 

lining or intima in RA compared to similar/analogous lining/lining-like structures in 

OA, aseptic loosening of a joint prosthesis and traumatized joints. 

2) to define the � chain composition of the tubuloacinar BM in labial salivary glands in 

SS compared to labial salivary glands from healthy controls 

3) based  on  earlier  studies  in  other  anatomical  areas,  to  define  the  eventual  role  of  

laminin �4 and laminin �5 chains in the intercellular cementing substance in synovial 

lining in relationship to neutrophil migrating from the intravascular compartment 

through synovial membrane and lining to synovial fluid, again comparing RA with 

OA, aseptic loosening and trauma. 

4) to define the state of the vascular endothelium in tubuloacinar labial salivary glands in 

SS compared to healthy control glands by using von Willebrand factor as a vascular 

endothelial cell marker and by following the eventual activation and/or damage of 

these cells by analyzing eventual release and deposition of von Willebrand factor in 

the BM and perivascular interstitial matrix.  



40

MATERIALS AND METHODS

Ethical issues and approval 

The use of human tissue samples for all the studies in this thesis was approved by the 

Ethical Committee of the Joint Authority for the Hospital District of Helsinki and Uusimaa, 

HUS, Finland. 

Synovial tissue and labial salivary gland samples 

The synovial samples investigated for type IV collagen � chains included frozen 

sections from ten trauma, five OA, five prosthesis loosening (synovial membrane-like 

interface tissue around aseptically loosening prosthesis with an ongoing foreign body 

synovitis) and ten rheumatoid arthritic synovial tissue samples for immunohistochemical 

staining unless otherwise mentioned. Labial salivary gland tissue samples were obtained 

either from patients with SS (n = 10) or from healthy controls (n = 10). The diagnosis of SS 

was based on the American-European consensus criteria for SS (Miner and Sanes, 1994; 

Vitali et al., 2002). For analysis of laminin �4 and laminin �5 in the synovial tissue frozen 

tissue sections were taken from five traumas, five prosthesis loosening, five OA and five RA 

patients. Paraffin embedded sections of synovial tissue were used to study NE and Cath G in 

synovial tissue.
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Antigen Specificity Type Source and reactivity Antibody code 

Type IV collagen �1/2 Monoclonal Mouse anti human M3F7 

Type IV collagen �3 Polyclonal Rabbit anti human -

Type IV collagen �4 Polyclonal Rabbit anti human -

Type IV collagen �5 Polyclonal Rabbit anti human -

Type IV collagen �6 Polyclonal Rabbit anti human -

Laminin �4 Monoclonal Mouse anti human 168FC10 

Laminin �5 Monoclonal Mouse anti human 4C7

CD 68 Monoclonal Mouse anti human EBM11

MMP-2 Polyclonal Goat anti human AF902 

MMP-9 Monoclonal Mouse anti human MAB3309 

Lactoferrin Polyclonal Rabbit anti human A 0186 

Cath G Monoclonal Mouse anti human 19C3

NE Monoclonal Mouse anti human M 0752 

Von Willebrand factor Monoclonal Mouse anti human M 0616 

Immunoperoxidase staining of tissue sections 

For immunohistochemistry tissue samples were snap frozen in dry ice precooled 

isopentane in OCT embedding medium (Sakura Finetek Europe B.V, Zoeterwoud, 

Netherlands) and stored at -70ºC. Samples were cut to 5 �m tissue sections, air dried at 

+22°C for one hour. Acetone was used for fixation of frozen sections for 5 minutes at +4°C. 

Type IV collagen �3, �4, �5 and �6 chains immunoreactivity was revealed by denaturing the 

respective frozen sections in acidic urea-glycine (0.1 M glycine, 6 M urea, pH 3.5) for 60 

minutes at +4°C as described elsewhere (Miner and Sanes, 1994). Paraffin embedded 

sections were used to stain NE and Cath G. The paraffin sections were deparaffinised in 

xylene, rehydrated through a graded ethanol series and washed in PBS. For antigen retrieval 

Table 2: List of antibodies used  
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the tissue sections from RA and OA patients were pretreated with 0.4% pepsin in 1N HCl for 

retrieval  of  NE,  while  for  the  detection  of  Cath  G  the  antigens  were  retrieved  by  heat  

treatment for 30 minutes in 0.01 M sodium citrate buffer, pH 6.0, using MicroMED T/T 

Mega Laboratory Microwave Systems (Milestone, Sorisole, Italy).  For  blocking  of  the  

endogenous peroxidase activity 0.3 % H2O2 in methanol was used for 30 minutes. After 

washing with 10 mM phosphate buffered 140 mM saline, (PBS, pH 7.4), the sections were 

incubated in the following reagents at +22°C unless otherwise mentioned 1) normal horse 

serum (for monoclonal mouse anti-human antibodies), normal goat serum (for polyclonal 

rabbit anti-human antibodies) or normal rabbit serum (for polyclonal goat anti-human 

antibody) for 3 hours at +22°C to block nonspecific binding sites of the respective secondary 

biotinylated anti-Ig antibodies; 2) monoclonal mouse-antihuman IgG�	 antiserum to type IV 

collagen �1/2 chain  (1:1000 in 0.1 % BSA-PBS, M3F7, Developmental Studies Hybridoma 

Bank, University of Iowa, IA), monoclonal mouse anti-human NE IgG1 (1:50, M 0752, Dako, 

Glostrup, Denmark), monoclonal mouse anti-human Cath G IgG1 (1:50, NCL-CATH-G, 

Novocastra Laboratories, Newcastle, UK), monoclonal mouse anti-human vWF (1:100 in 0.1 

% BSA-PBS, M0616, DAKO, Glostrup, Denmark), polyclonal goat anti-human MMP-2 IgG 

(1:200 in 0.1 % BSA-PBS, (R&D systems, Minneapolis, MN), polyclonal rabbit anti-human 

type IV collagen �3(IV), �4(IV), �5(IV)  and  �6(IV) chain IgG (1:500 in 0.1 % BSA-PBS) 

overnight at +4°C. The �3(IV), �4(IV)  and  �5(IV) antibodies were a gift from Professor 

Jeffrey Miner (Dept Internal Medicine, Washington University School of Medicine, St. 

Louis,  MO)  and  the  �6(IV)  antibody  from  Professor  Raghu  Kalluri  (Division  of  Matrix  

Biology, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, MA, 3) 

biotinylated  horse anti-mouse IgG, Biotinylated goat anti-rabbit IgG or Biotinylated rabbit 

anti-goat IgGsecondary IgG (Vectastain ABC Kits, 1:200 in 0.1 %  BSA-PBS, Vector 

Laboratories, Burlingame, CA), 4) avidin-biotin-peroxidase complex (ABC, 1:200 in H2O,

Vector Laboratories), 5) a combination of 0.023 % 3,3 diaminobenzidine  tetrahydrochloride 

and 0.006 %  H2O2 for 7 minutes. Finally, 6) the slides were counterstained in haematoxyline, 

dehydrated and mounted in Mountex (Mountex, HistoLab, Gothenburg, Sweden). An 

irrelevant mouse IgG was used showing specificity to glucose oxidase of A. niger not present 

or inducible in human tissues instead of the primary specific mouse anti-human IgG1 and 

rabbit IgG diluted 1:1000 in BSA-PBS were used as the negative staining controls. 
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Immunofluorescence staining for laminin �4 and laminin �5

The samples were fixed in acetone at -20°C for 10 minutes, and thoroughly rinsed in 

0.1  %  Triton-X  in  PBS,  and  washed.  The  sections  were  incubated  serially  at  +22°C  in  

humidified chambers in 1) normal goat serum (1:50, Dako, Glostrup, Denmark) for one hour, 

2) monoclonal mouse anti-human laminin �4 IgG1 (1:50, 168FC10; 11), monoclonal mouse 

anti-human laminin �5 IgG2a (1:10, 4C7; 12,13), 3) conjugated goat anti-mouse IgG (1:200, 

Alexa Fluor 568; Molecular Probes, Eugene, OR) for the laminin �4 antibodies and goat anti-

mouse IgG (1:200, Alexa Fluor 488; Molecular Probes, Eugene, OR) for the laminin �5

antibodies, all at +22°C for 60 minutes. Between the steps, the sections were washed 3x5 

minutes  in  PBS,  and  after  the  last  step  also  once  in  distilled  water  before  mounting  in  

Vectashield® (Vector Laboratories, Burlingame, CA).  

Double immunofluorescence staining  

Type IV collagen with MMP-9 and CD68 

Sections from five traumas and five RA patients were first fixed in acetone at -20°C 

for 10 minutes, then thoroughly rinsed with 0.1 % Triton-X in PBS and washed in PBS. The 

sections were incubated serially at +22°C in a humidified chamber with the following 

reagents respectively 1) normal goat serum (diluted 1:50, Dako, Glostrup, Denmark) for 2 

hours, 2) polyclonal rabbit anti-human type IV collagen IgG (Eurodiagnostics, Apeldoorn, 

The Netherlands) together with monoclonal mouse anti-human MMP-9 IgG�	 (Chemicon 

International Inc., Temecula, CA) or monoclonal mouse anti-human CD68 (a macrophage 

marker) IgG�	 (Dako, Glostrup, Denmark), i.e. a mixture of two antibodies (CD68 and MMP-

9 or CD68 and type collagen IV) for 90 minutes at +22°C, 3) a mixture of Alexa Fluor 568 

conjugated goat anti-rabbit IgG (diluted 1:200, Molecular Probes, Eugene, OR) and Alexa 

Fluor 488 conjugated goat anti-mouse IgG (diluted 1:200, Molecular Probes, Eugene, OR) 

for 60 minutes at +22°C, 4) To-Pro 3 (diluted 1:1000, Molecular Probes, Eugene, OR) for 
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nuclear staining for 15 minutes at +22°C. Between the steps, the sections were washed in 

PBS, and after the last step also once in distilled water before mounting in Vectashield®

(Vector Laboratories, Burlingame, CA). All antibodies were diluted in 0.1 % BSA-PBS.  

Laminin �5 and lactoferrin 

After fixation in acetone at -20°C for 10 minutes, sections from RA patients were  

thoroughly rinsed with 0.1% Triton X-100 in PBS and washed in PBS. The sections were 

incubated serially at +22°C in a humidified chamber as follows: 1) normal goat serum (1:50; 

Dako, Glostrup, Denmark); 2) 37�g/ml polyclonal  rabbit anti-human lactoferrin 

immunoglobulin (Dako, Glostrup, Denmark) together with monoclonal mouse anti-human 

laminin �5 IgG2a (1:10 in 0.1 % BSA in PBS) (4C7; 12); 3) a mixture of Alexa Fluor 568–

conjugated goat anti-rabbit IgG and Alexa Fluor 448–conjugated goat anti-mouse IgG (1:200; 

Molecular Probes, Eugene, OR), all for 60 minutes at +22°C; between the steps the sections 

were washed 3x5 minutes in PBS, and after the last step also  once in distilled water before 

mounting in Vectashield (Vector Laboratories, Burlingam, CA).  

Microscopic assessment and image analysis 

The avidin-biotin-peroxidase stained slides for type IV collagen � chains, Cath G, NE 

and vWF were analyzed under a light microscope (Leitz, Wetzlar, Germany), coupled with a 

12 bit cooled CCD camera (Sensicam, PCO imaging, Kelheim, Germany). 

The vWF stained slides were microscopically evaluated for of the number of vWF 

positive capillary blood vessels. This was done with an Olympus BH-2 light microscope 

(Olympus Corp., Tokyo, Japan) coupled for morphometric assessment with a CCD camera 

(Panasonic WV-CD130L, Matsushita Electric Industrial, Osaka, Japan) and linked to a 

semiautomatic image analysis Video Interactive Display System (VIDAS 2.1) and processing 

(Videoplan 2.2, Kontron Elektronik, Münich, Germany) systems. The immunohistopathology 

of the specimens were analyzed under ×250 magnification by consecutive fields from at least 
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three tissue sections as described in a paper from our group by A. �eponis (�eponis et al., 

1996a). In addition, the area of the vWF delineated (outer margin of the endothelium) 

capillary blood vessels were calculated in labial salivary gland parenchyma (acinar areas) and 

is expressed as �m2 per mm2 labial salivary gland reference tissue. Post-capillary veins and 

arterioles were excluded from these calculations. In addition, the numbers of capillary blood 

vessel profiles per mm2 were calculated. For both calculations, connective tissue septa, 

interlobular, intralobular and striated ducts and the periductal areas surrounding them were 

excluded so that only parenchymal acinar containing tissue was calculated. 

The immunofluorescent and double immunofluorescent labelled sections were 

observed under the fluorescence imaging microscope Olympus AX70 (Olympus, Vienna, 

Austria) coupled with a CCD camera. Immunoperoxidase stained slides were analyzed under 

x400 magnification using a light microscope (Leitz, Wetzlar, Germany), coupled with a 12 

bit cooled CCD camera (Sensicam, PCO imaging, Kelheim, Germany). 

Confocal microscopy and image collection were carried out using a Leica TCS SP2 

system (Leica Microsystems GmbH, Mannheim, Germany) with HCX PL APO CS 63/1.40 

objective, and 488, 568 and 633 nm laser excitation lines for Alexa Fluor 568 and 488 

conjugate and the DNA specific TO-PRO-3 probe, respectively. Image stacks were acquired 

using sequential scanning, standardized 160 nm z-sampling densities and volume depth of 3.0 

μm to visualize the basal membrane constituent collagen IV and CD68 and MMP-9 

immunoreactivities. 

Cell cultures  

Synovial fibroblast cell lines were established in the following manner. Synovial 

membrane samples were collected from three women suffering from OA, who underwent 

total hip replacement (one patient, age 79 years) or knee arthroscopy (two patients, ages 60 

and 92 years). Synovial fibroblasts were established using explant culture method. Briefly, 

tissue samples were minced to pieces and left overnight in RPMI-1640 medium 

(BioWhittaker, Liege, Belgium) containing 10 % fetal bovine serum (BioWhittaker, Liege, 
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Belgium)  and  10  %  penicillin/streptomycin.  Next  day,  the  media  was  changed  and  the  

concentration of antibiotics was decreased to 1 %. The media was changed twice a week and 

after about 60 % of the dish area was covered with monolayer of cells, the tissue pieces were 

removed and the cultures were allowed to grow to confluence. When such cells from the 3rd –

5th passage were stained using proline-4-hydroxylase as a fibroblast marker and CD163 as a 

macrophage marker, the proportion of the proline-4-hydroxylase positive spindle shaped (= 

fibroblast-like) cells > 99 %, whereas the proportion of the CD163 positive macrophages < 

1% (data not shown). These cells show other characteristics of fibroblasts as they are Hsp47, 

vimentin and fibronectin positive. Z1 Coulter Particle Counter (Beckman Coulter) was used 

for cell counting. 

Human submandibular gland (HSG) cell line was originally established by Professor 

Mitsunobu Sato (Tokushima University, Japan) (Shirasuna et al., 1981) and was obtained as a 

gift from Dr. Marc Kok from the Netherlands. HSG cell line is a human submandibular gland 

cell line with a intercalated duct cell phenotype, which can be differentiated to acinar 

phenotype by culture on BM-like Matrigel (BD Biosciences, San Jose, CA) which contains 

laminin-111. HSG cells were cultured with or without growth factor-depleted Matrigel in 

DMEM/F-12 Nut Mix medium (Gibco BRL, Grand Island, NY) supplemented with 10 % 

fetal calf serum, 2 mM glutamine, 100 U/mL penicillin and 100 �g/mL streptomycin. Cells 

were stimulated with or without 100 μM DHEA (Fluka, St. Louis, MO) (diluted in absolute 

ethanol) for 72 hours. These stimulations were performed in serum free media. 

LSG samples were minced into pieces (approximately 2 mm3), put into a 6-well plate 

and left overnight in DMEM/F-12 medium (Gibco BRL, Grand Island, NY) containing 10 % 

fetal calf serum with 2 mM L-glutamine, 1000 U/ml penicillin, 1 mg/ml streptomycin (10 x) 

and 2.5 μg/ml amphotericin B (Fungizone, Gibco BRL, Grand Island, NY) solution. The next 

day,  the  medium  was  changed  to  basal  DMEM/F-12  medium  with  10  %  charcoal  stripped  

fetal calf serum, 2 mM L-glutamine, 100 U/ml penicillin, 0.1 mg/ml streptomycin (1x 

solution) and 2.5 μg/ml Fungizone. These LSG explants were then cultured without and with 

100 �M DHEA for 72 hours. 
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RNA isolation and cDNA synthesis 

The protocol for the stimulation of the fibroblasts was as follows. In a 6-well plate 105

cells/well  were  grown  to  confluence.  Cells  from  two  parallel  wells  were  used  for  RNA  

extraction. The cells were stimulated for 48 hours with 0.1, 1 and 10 ng/ml recombinant 

human TNF-� or recombinant human IL-1�, both from R&D, Minneapolis, MN. Total RNA 

from  cells  was  isolated  using  TRIzol  reagent  (Invitrogen,  Paisley,  UK).  RNA  quality  was  

confirmed  with  ethidium  bromide  stained  1  %  agarose  gel.  The  mRNA  was  isolated  with  

magnetic (dT)25-polystyrene beads (Dynal, Oslo, Norway). mRNA concentration was 

measured spectrophotometrically and cDNA was synthesized from 50 ng of sample mRNA 

using (dT)12-18 primers and Superscript enzyme, followed by RNase H treatment (SuperScript 

Preamplification System, Invitrogen, Paisley, UK).  

From the HSG cells the total RNA was isolated using the Trizol protocol (Invitrogen, 

Carlsbad, CA) followed by mRNA extraction with the Dynabeads mRNA Purification Kit 

(Dynal,  Oslo,  Norway).  Tissue  RNA was  isolated  with  High  Pure  RNA Tissue  kit  (Roche,  

Basel,  Switzerland).  Complementary  DNA  synthesis  was  performed  with  SuperScript  First  

Strand cDNA Synthesis System for RT-PCR (Invitrogen, Carlsbad, CA) according to the 

manufacturer’s instructions. 

Quantitative real time polymerase chain reaction  

Quantitative PCR was run using 4.8 ng first strand cDNA and 0.5 mM primers in 

LightCycler® PCR mix in LightCycler® PCR machine (Roche, Mannheim, Germany). qPCR 

runs were repeated twice with each sample. For primers, the sequences were searched using 

the NCBI Entrez Search system and sequence similarity searches were done using NCBI 

Blastn program. The primers were designed, if possible, to produce an amplicon that 

extended over two different exons. For quantitative PCR standard curve, the gene of interest 

was amplified in PCR reaction, extracted from agarose gel and cloned into pCRII-TOPO 
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vector (Invitrogen, Paisley, UK). After identification of the plasmid by restriction enzyme 

analysis and sequencing, the concentration was determined spectrophotometrically and serial 

dilutions were prepared for quantitative PCR analysis. The copy numbers of mRNAs were 

determined with two separate runs for all samples and normalized against 1x106

housekeeping �-actin gene. 

Statistical analyses 

Statistical tools available in Microsoft Excel 2003 (Microsoft Corporation, Seattle, WA, 

USA) were used to perform the statistical analysis on the data obtained from qRT-PCR 

experiments. Results are presented as mean ± standard deviation. Student’s t test was used for 

pair-wise comparisons. The mean ± standard error of the mean values and/or percentage 

changes from the baseline in case of vWF positive blood vessels were calculated and the 

values were compared with Wilcoxon signed rank test, using SPSS for Windows V.16.0 

software (SPSS Inc., Chicago, IL, USA). Student’s t test was used for pair-wise comparisons 

and the level of significance was set at 0.05.  

Synovial fluid samples 

The synovial fluid samples that were used were obtained from eight patients that had 

either mildly inflamed traumatic synovial fluid (synovial fluid leukocyte counts < 5 x 109

cells/l, n = 4) or relatively severely inflamed rheumatoid synovial fluid samples (synovial 

fluid leukocyte counts 5-50 x 109 cells/l, n = 4). 
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Gelatine zymography 

Synovial fluid samples were analyzed for the gelatinase activity using gelatine 

containing sodium dodecyl sulphate-polyacryl amide electrophoresis (SDS-PAGE) under 

non-reducing condition. Gelatinase zymography activity standards were used (Chemicon 

International Inc., Temecula, CA). 15 μl aliquots of 1:50 PBS diluted synovial fluid samples 

were  run  on  a  7.5  % gelatine  acrylamide  gel  (Bio-Rad Laboratories  Inc.,  Hercules,  CA)  at  

200V for one hour, after which the gel was carefully removed from the plates and washed in 

0.05M Tris-HCl, 0.02 % (w/v) NaN3, pH 7.5 and 2.5 % Tween 80 for 30 minutes with 3 

washings in between. The gel was washed in 0.05 M Tris-HCl, 0.02 % NaN3, pH 7.5, 2.5 % 

Tween 80, 1μM ZnCl2 and  5mM  CaCl2 for 30 minutes at +22°C. Finally, the gel was 

incubated in the incubation buffer 1μM ZnCl2 and 5mM CaCl2 overnight at +37°C and then 

stained with 1.2 mM Coomassie Brilliant Blue (Serva, Heidelberg, Germany) for one hour. 

Destaining was done with destaining solution containing 70 % water, 20 % methanol and 10 

% glacial acetic acid. The bands were visible as light bands against a dark blue background.  



50

RESULTS

Type IV collagen � chains in synovial lining 

Immunohistochemical staining for type IV collagen � chains 

The synovial lining showed strong signals with immunohistochemical labelling for 

collagen �1/2(IV) chains in traumatic synovial membrane samples and also �5(IV) and �6(IV)

chains were seen in the synovial lining although their labelling were relatively weak 

compared to �1/2(IV) chains and vascular BM �5(IV)  and  �6(IV)  chains.  On the  other  hand  

collagen �3(IV) or �4(IV) chain did not show any labelling in immunohistochemical staining. 

The results were similar to those seen in trauma patients and also in synovial membrane in 

OA and in synovial membrane-like interface tissue around aseptically loosened total hip 

replacement implants. In contrast to the OA, trauma and synovial membrane-like interface 

tissue control samples, in RA synovial lining not only �5(IV) and �6(IV),  but  also  �1/2(IV)

were very weakly expressed (Figure 6). To exclude false positive staining, an irrelevant 

immunoglobulins of the same class and subtype, using the same concentrations as were used 

for immunolabeling (data not shown). 

Quantitative RT-PCR of collagen type IV �-chains in synovial fibroblasts 

To confirm the immunohistochemical observations quantitative RT-PCR was done to 

estimate the collagen �(IV) chains at messenger RNA level. Three synovial fibroblast cell 

lines were grown and each of them were stimulated and analyzed separately. In spite of 

significant differences in the age of the donor patients and, most likely, the genetic variations 

among them, the actual variations between individual cell lines were minor. The results are 

presented as mean ± standard deviation. Quantitative reverse transcriptase polymerase chain 

reaction disclosed that cultured synovial fibroblasts contained mRNA coding for �1(IV) and 
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�2(IV) chains, but also �4(IV) and �6(IV) chain mRNAs were present although at lower copy 

numbers, whereas �5(IV) and in particular �3(IV) were very low (Figure 6). Recombinant 

human TNF-� and in particular rhIL-1� decreased �(IV) chain mRNA copy numbers, but at 

the 0.1–10 ng/ml concentrations used, this effect did not show any clear dose dependency 

(see table 3).  

�1(IV) �2(IV) �3(IV) �4(IV) �5(IV) �6(IV)

Control 100 100 100 100 100 100

IL-1�, ng/ml 

0.1 81 70 49 40 71 55

1 68 64 62 45 68 45

10 77 65 59 36 54 29

TNF-�, ng/ml 

0.1 74 74 85 91 88 102

1 79 73 100 109 83 51

10 67 67 109 83 72 111

Figure 6: Immunostaining showing different � chain. Labelling of collagen �1/2(IV) were 
strong while �5(IV) and �6(IV) were weak in trauma control synovial lining samples, while 
�3(IV) or �4(IV) chains were not found. In comparison to rheumatoid synovial lining the 
labelling of all � chains were weak. Strong labelling of the vascular BM particularly the 
�1/2(IV) chains in was strongly stained. Kidney tissue contains all the collagen �-chains 
and therefore served as a positive (sample) control. For negative (staining) control non-
immune rabbit/mouse IgG was used instead of primary antibodies (magnification ×100). 
qPCR results  in synovial fibroblasts showed high quantity of  collagen  �1/2(IV) mRNA 
copy numbers per 106�-actin copies. The results are in logarithmic scale. 

Table 3: Mean values of the effect of 0.1–10 ng/ml recombinant human IL-1� and recombinant human TNF-� on collagen
�(IV)chain mRNA copy numbers in synovial fibroblasts compared with unstimulated synovial fibroblast controls.
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Double staining and confocal laser scanning microscopy of type IV collagen and 

CD68 or MMP-9 

As expected the synovial lining stained strongly for type IV collagen in the trauma 

control synovial membrane samples. Relatively few of the control synovial lining cells were 

CD68-positive macrophage-like type A lining cells 

(Panel C) or MMP-9 positive (Panel A). In contrast, 

the type IV collagen staining pattern in the 

rheumatoid synovial lining was weak and mottled 

(Panel B and D), and the rheumatoid synovial lining 

contained relatively numerous macrophage-like 

CD68-positive type A lining cells, which had 

arranged themselves into pseudostratified multiple 

layers (Panel D). Many of these rheumatoid synovial 

lining cells were also positive for MMP-9 (Panel B). 

Gelatin zymography of synovial fluid  

The presence of type IV collagenase or also known as human gelatinase (MMP-

2 and MMP-9) was identified of the in synovial fluid samples by using an efficient gelatine 

zymography technique. In trauma patients with 

only mild inflammation which had a synovial 

fluid leukocyte count of <0.5 x 109 cells/l, 

contained MMP-2 but only little or no MMP-9. In 

contrast, inflamed rheumatoid synovial fluid with 

a synovial fluid leukocyte counts >50 x 109 cells/l 

always contained MMP-9. The same synovial 

fluid samples contained also some constitutively 

expressed 72 kD gelatinase/ MMP-2 (Figure 8). 

Figure 7: Double IF staining of Collagen IV 
with CD68 and MMP-9 in trauma (control) and 
RA samples (magnification ×200).

Figure 8: Gelatine zymography showing collagenase 
IV activity. Lane 1 and 2 are synovial fluid samples 
from RA, while lane 3 and 4 are from mildly inflamed 
trauma patients. 



53

Laminin � chains in synovial lining 

Immunofluorescence staining of laminin �4 and laminin �5

Immunohistochemical staining revealed laminin �4 and �5 chains in the synovial 

lining in trauma samples and in the synovial lining-like layer of interface membrane samples 

retrieved during revision operations performed for 

aseptic loosening of total hip replacement implants 

(Figure 9, panels A,B,C and D). Laminin �4 was 

similarly labeled in OA samples (Figure 9, panel E), 

but �5 chain labelling was weaker in the synovial 

lining in OA samples than in trauma and revision 

hip samples (Figure 9, panel F). Reactions for both 

laminin �4 (Figure 9, panel G) and laminin �5

(Figure 9, panel H) chains were also weak in RA; 

they were found in most areas of the hypertrophic 

synovial lining, but there was a striking lack of 

laminin �5  (Figure  9,  panel  H,  between  the  arrow  

heads) in the presence of laminin �4 (Figure 9, 

panel G) in certain regions of the 

rheumatoid synovial lining. In laminin �

chain staining the presence of laminin �4

and laminin �5  chain  positive  BM  of  the  

blood vessels provided a useful internal positive staining control (Hallmann et al., 2005). 

Staining with irrelevant immunoglobulins of the same class and subtype, using the same 

concentrations as were used for immunolabeling, excluded false positive staining results (data 

not shown). 

Figure 9: IF staining for laminin �4 (red) and laminin �5
(green) in trauma (A and B), rTHR (C and D), OA (E and F) 
and RA (G and H). Arrow heads mark the synovial lining. 
Staining of both laminin chains in the vascular BM serves as 
an internal positive staining control. (magnification ×400. 
Negative staining control for laminin �4 (insert in panel G). 
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Neutrophil elastase and cathepsin G in synovial membrane 

Neutrophil elastase (NE) and Cath G positive PMN were relatively infrequent in 

synovial membrane samples from trauma, revision and OA patients, except for intravascular 

neutrophils. Intravascular PMN in such samples usually stained strongly for both NE and 

Cath G (shown for NE in OA in Figure 10, panel A, for and for Cath G in panel B). 

In contrast, although not so easy to discern in hematoxylin-eosin stained routine 

slides, NE (Figure 10, 

panel  C)  and  Cath  G  

(Figure 10, panel D) 

immunoreactive PMN 

were quite frequent in RA 

synovial membrane 

samples compared to the 

other samples. In such 

samples  they  were  not  

only found in intravascular 

compartment, but were 

often seen attached to the 

vascular endothelium or 

transmigrating through it 

or found already in the 

perivascular and 

interstitial stroma as well as in the sublining and lining cell layers. Intravascular PMN stained 

strongly and this staining was confined to the cytoplasm of the cells (Figure 10, panels C and 

D, arrows). In contrast, many of the transmigrating PMN in the vascular wall and/or in the 

synovial lining stained more faintly and immunolabeled NE and Cath G was at the same time 

also seen outside the cell in the pericellular stroma (Figure 10, panels C and D, arrow heads).

Figure 10: NE (A) and cath G (B) in OA and RA (C and D, respectively). Staining 
is in OA mostly confined to the cell cytoplasm in intravascular neutrophils, 
whereas in RA some neutrophils below the synovial lining in perivascular matrix 
are in part degranulated so that extracellular proteinase aggregates can be seen in 
the synovial lining area (arrow heads, (magnification ×400). 
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Double staining of laminin �5 chain and neutrophil lactoferrin

Double IF disclosed lactoferrin-positive PMN attached to and transmigrating through 

the vascular BM. This was often seen in BM areas, where there seemed to be a break in 

laminin �5 staining (Figure 11, panels A and B). Transmigrating cells or perivascular cells 

just outside the blood vessel already in the interstitial tissue stained often relatively faintly 

and lactoferrin immunolabeling was also seen outside the cell in ECM (Figure 11, panel B). 

In the RA synovial stroma even small aggregates of PMN were often seen located between 

the sublining blood vessels and overlying synovial lining (Figure 11, panels C and D). 

Finally, in the synovial lining these cells converged to laminin �5 chain low expression 

regions, where they were located just below or within the synovial lining itself (Figure 11, 

panels E and F). 

Figure 11: Double IF staining of laminin �5 (green) and 
neutrophil Biomarker lactoferrin (red). Panel A shows a 
laminin �5 low expression area of the vascular BM with an 
attached neutrophil. B and C show neutrophils at different 
stages of (trans)migration in, at and outside the post-capillary 
venules. C shows that the staining of intravascular neutrophils 
is very strong and confined to the cell cytoplasm (thick arrow). 
In contrast, the extra-vascular neutrophils are in part 
degranulated and stain more faintly (arrow heads, C and D). 
Neutrophils seem to aggregate, migrate and transmigrate en 
masse, which is clearly seen in D. They seem to converge to 
laminin �5 low expression areas in the synovial lining (E, 
arrow), which is co-localized with transmigrating, lactoferrin-
immunoreactive and partly degranulated stream of neutrophils 
(F, arrows). Laminin �5 low expression regions in panel E were 
subjected to densitometry and panel G shows the densitogram, 
with two low expression regions. Inclination of the cutting 
angle in relation to the checkpoint region and the width of the 
rectangular area may contribute to some background laminin 
�5 immunoreactivity (panel G). Negative staining control for 
laminin �5/lactoferrin double staining (H). (magnification. A,B 
are ×400 while C,D, E,F are ×200)
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Quantitative RT-PCR of laminin �4 and �5 chains in synovial fibroblasts 

Quantitative RT-PCR disclosed that cultured synovial fibroblasts contained mRNA 

coding for laminin �4 (1203 ± 211 mRNA copies per one million �-actin mRNA copies) and 

laminin �5 chains (189 ± 126 copies per million �-

actin mRNA copies), compared to the unstimulated 

synovial fibroblasts (Figure 12, dark gray bar C, 

normalized to 100). Recombinant human TNF-�

(Figure 12) and IL-1� (data not shown) did not 

significantly decrease the laminin �4 chain 

expression, but laminin �5 chain mRNA copy 

numbers (per 106 �-actin copies) were 

significantly decreased to about half of that of the controls by TNF-� (p < 0.05, t-test). 

However, at the dose range used, 0.1–10 ng/ml, this effect did not show any clear dose 

dependency. 

Type IV collagen in human labial salivary gland  

Immunohistochemical staining of type IV collagen � chains 

Collagen type IV �1 and �2 chains showed continuous staining pattern in the ductal 

and alveolar domains of the tubuloalveolar BM of the labial salivary glands obtained from 

healthy controls. Staining patterns of collagen type IV �1 and �2 chains were similar in 

healthy  controls  and  patients  with  SS  (Figure  13,  panel  A  and  B).  Vascular  BM  were  also  

positive for collagen type IV �1 and �2 chains. 

Figure 12: qPCR analysis of laminin �4 and �5 chain 
mRNA copy numbers per 106 �-actin copies in cultured 
human synovial fibroblasts from OA. C= control
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Collagen type IV �3 chain and collagen type IV �4 chain were not found in 

immunohistochemical staining in the tubuloalveolar BM of the labial salivary glands, except 

for some slight and focal staining in two of the 

samples  (not  shown).  Positive  staining  of  the  tubular  

BM of human kidney stained in parallel for collagen 

type IV �3 and �4 chains (see also Figure 13, panel H) 

provided a positive sample control confirming that the 

lack  of  staining  in  the  tubuloalveolar  BM  of  the  

salivary gland did not represent false negative 

staining. 

Collagen type IV �5 (Figure 13, panel 

C) and �6 chain (Figure 13, panel E) staining was 

continuous around the salivary ducts and also around 

the acini in healthy control glands although staining of 

the acinar BM tended to be weaker than that of the 

ductal BM. Staining pattern of these type IV collagen 

� chains in the tubuloalveolar BM of the labial 

salivary glands obtained from patients with SS was 

different  so  that  the  ductal  BM  staining  was  often  

disorganized and patchy and the acinar BM staining was often very weak or even absent 

(Figure 13, panels D and F). There were no apparent relationships between the type IV 

collagen �5 and �6 chains and the focus score. In particular, type IV collagen �5 and �6

chain staining pattern and intensity were similar in the tissue near and far away from the foci. 

Negative staining controls (Figure 13, panel G) were totally negative confirming the 

specificity of staining. Positive sample controls of human kidney sections stained in parallel 

with the labial salivary gland sections excluded false negative staining results (shown for type 

IV collagen �4 in Figure 13, panel H). 

Figure  13: Immunohistochemical staining of 
LSG showing type IV collagen � chains.
Kidney tissue served as a positive (sample) 
control. For negative (staining) control non-
immune rabbit/mouse IgG was used instead 
of primary antibodies (magnification ×400).
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Quantitative RT-PCR of the labial salivary glands and HSG cells  

Labial salivary gland obtained from patients with SS was compared with healthy 

control samples. Following collection these samples were analyzed using quantitative reverse 

transcriptase-PCR. The data obtained resulted 

in some useful observation (Figure 14). The 

mRNA molecules coding for all type IV 

collagen � chains were found in human labial 

salivary glands. Secondly, type IV collagen �1

and �2 chain mRNAs were found in clearly 

highest copy numbers, collagen type IV �5

and �6 chains were found in moderate mRNA copy numbers. The biopsies studied had focus 

scores ranging from 0.75 to 2.8 (1.8 ± 0.6). There were no apparent relationships between the 

type IV collagen �5 and �6 chain messenger RNA copy numbers and the focus score values. 

Collagen type IV �4 and in particular collagen type IV �3 chains were only present in 

relatively low mRNA copy numbers. Thirdly, there were no apparent differences in the type 

IV collagen � chain mRNA copy numbers in labial salivary glands between the healthy 

controls and patients with SS. 

Cultured human submandibular gland (HSG) cells grown with or without growth 

factor-depleted Matrigel was subjected to 

quantitative reverse transcriptase-PCR 

analysis and the results obtained are as 

shown in (Figure 15). The results 

demonstrated three conclusions based on the 

data obtained. As shown in the figure 14 the 

salivary gland epithelial cells transcribe all 

type IV collagen � genes into the 

corresponding mRNA. The copy numbers of mRNA molecules coding for collagen type IV 

�1 and �2 chains were high, those coding for collagen type IV �4-6 chains were intermediate 

and those coding for collagen type IV �3 chains were low. Lastly, these experiments showed 

that both the HSG cells with the intercalated duct cell phenotype (cultured without Matrigel) 

Figure  15: qPCR analysis of HSG cells grown in the 
presence or absence of matrigel showing mRNA coding 
for type IV collagen � chains.

Figure  14: qPCR analysis of LSG cells control and 
from  patients with Sjögrens syndrome showing mRNA 
coding for type IV collagen � chains.
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and the HSG cells with the acinar cell phenotype (cultured with Matrigel) synthesize type IV 

collagen � chain mRNA.  

Immunohistochemical staining of vWF 

In haematoxylin eosin stained slides pre-capillary arterioles were relatively 

large and round vessels about 30 �m in diameter but with a wide size range from 300 �m

down to 10 �m and their endothelium was surrounded by smooth muscle cell medial layer 

and pericyte adventitial layer. Capillaries were small and slender vessels 5-10 �m in 

diameter, in which the endothelium was not supported by medial or adventitial layers, 

whereas post-capillary venules were voluminous vessels 10-50 �m diameter with varying 

shapes supported by a few muscle cells and by pericytes. 

Von Willebrand factor was in healthy labial salivary glands located in the 

endothelium of 

arterioles, capillaries 

and post-capillary 

venules (Figure 16, 

panels A, B and C).  

In SS vWF staining was focally and segmentally weak and at these affected 

sites associated with staining of the perivascular connective tissue matrix (Figure 16, panels 

D-F). It was possible to see release, diffusion and binding of vWF from endothelium to 

perivascular and interstitial matrix (Figure 17, panel A). Negative staining controls, which 

were used to confirm the specificity of vWF staining, were negative (Figure 17, panel B). 

Immunostained labial salivary gland tissue sections left without counterstaining were 

Figure 16: Immunohistochemical staining of vWF in control and patients with Sjögrens 
syndrome (magnification ×400). Healthy LSG A,B,C; Sjögren’s syndrome C,D,F
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observed under a light microscope and analyzed using a semi–automatic VIDAS image 

analysis system. The average areas of vWF delineated capillary blood vessels were 5068.0, 

4220.3 and 

3785.0 μm2 per 

mm2

parenchymal 

acinar tissue in 

primary SS, 

secondary SS 

and healthy controls, 

respectively, with standard 

errors of mean of 673.1, 763.4 and 383.0, respectively. Arterioles and post-capillary venules 

were excluded from the analysis. The numbers of vWF positive capillary blood vessel 

profiles are shown in table 1 per mm2 parenchymal acinar tissue.

Figure 17: Close up view of Immunohistochemically stained vWF in control 
and patients with Sjögrens syndrome, A (magnification ×600). Negative 
staining control, B.
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DISCUSSION

Basement membrane and synovial lining 

asement membrane (BM) is in many respects important due to its role in the 

maintenance of healthy tissues. It imparts compartmentalization to tissue 

structures, provides terra firma for cells and plays a key role in providing 

important matrix-cell signalling directing the cells in differentiation, maintenance and 

remodelling. In many locations in particular in the renal glomerulus, the BM functions as a 

molecular sieve (Hudson et al., 1993).   

The normal synovial lining lacks a true BM but contains instead intercellular 

cementing substance comprised of the same set of molecules characterizing BM, suggesting 

that this network of the intercellular matrix contributes to the organization and regulation of 

the synovial lining. This type of organization of macrophages- and fibroblast-like cells in 

intercellular matrix to a lining cell layer seems unique. It probably reflects the specialized 

functional role of the synovial lining in diarthroidal synovial joints, tendon sheets and bursae. 

Fluid in these cavities is mostly ultra filtrate of plasma with hyaluronan, lubricants and other 

locally synthesized additives to promote hydration, lubrication etc. Macrophage-like type A 

lining cells may play a role in the clearance if eventual cartilage or other tissue fragments, 

apoptic synovial fluid neutrophils and other cells and probably participate in the remodelling 

and  renewal  of  this  layer  (Rinaldi  et  al.,  2001).  In  chronic  synovitis  a  considerable  

remodelling is observed in synovial lining. In RA synovial lining undergoes villous 

hypertrophy leading to an increase of its surface area (villi) and depth (multiple 

pseudostratified layers). This allows an immense increase in the leukocyte, in particular 

neutrophil, traffic from the synovial membrane microcirculation to synovial fluid, but also 

effective removal of the apoptotic neutrophils and other apoptotic cell rests. The synovial 

lining cells are potential effectors in the destructive arthritic process and have been shown to 

synthesize inflammatory cytokines (Schneider et al., 1994) and proteolytic enzymes 

(Konttinen et al., 2000a; Okada et al., 1990).  

B
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The fibroblast-like type B and macrophages-like type A synovial lining cells probably 

produce the intercellular matrix. In between these two cell layers it is possible to find most, if 

not all, components of the BM (Revell et al., 1995). As mentioned earlier, the two major 

components of the BM are the type IV collagen network and the laminin network. Integrins at 

various combinations of their  � and � chains form most of the cellular receptors to type IV 

collagen and laminin molecules. The laminin chain composition of this intercellular lining 

matrix has been earlier described by Konttinen and co-workers (Konttinen et al., 1999), 

which among other things showed the lack of integrin �6 and integrin �4 chains, which are 

crucial hemidesmosomal components in their attachment to the underlying BM and this 

finding demonstrates that in spite of its histological lining-like appearance, synovial lining is 

not analogous to epithelia attaching to an underlying BM via hemidesmosomes. As a 

continuation to the former study we undertook this study to identify also � chain composition 

of type IV collagen in synovial lining. Maybe because the synovial membrane needs to 

provide nutrition to hyaline articular cartilage under very special circumstances, the synovial 

intima does not contain a BM similar to that which surrounds blood vessels or underlies 

human skin. Synovial intima or lining cell layer forms a sheet-like and compact-looking 

structure composed of fibroblast-like type B and macrophage-like type A lining cells which 

needs to have mechanical strength and flexibility (Stevens et al., 1990). Although it is a BM-

like  structure,  it  is  not  an  epithelium  or  endothelium  and  does  not  contain  a  basal  and  

coherent BM but is still enforced by an intercellular type IV collagen network, � chain 

composition of which was disclosed in the present study.  

This structure therefore qualifies to be called a special extracellular lining matrix and 

is of particular interest due to its role as a leukocyte barrier and for cartilage nutrition. This 

study disclosed the presence of �1/2(IV), �5(IV) and �6(IV) chains in control synovial lining. 

Cultured synovial fibroblasts were also analyzed to confirm this findings by using 

quantitative RT-PCR although this sensitive method also disclosed traces of  messenger RNA 

coding �3(IV) and even �4(IV) chains. It was apparent, the mRNA level and/or the translation 

to the corresponding �3(IV) or �4(IV) protein chains was so low (or perhaps even absent) that 

it could not be seen in IF staining experiments. It was shown that the major type IV collagen 

� chains in normal synovial lining are the �1(IV) and �2(IV).  This  is  compatible  with  the  

observation  that  they  form  the  components  of  the  major  form  of  the  three  now  known  

collagen type IV heterotrimers, namely the classical �����2, the other two forms with a more 

restrictive tissue distribution being �
���5 and �����6 (Khoshnoodi et al., 2008). The 
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antibody used for staining of the major �-chains �1(IV) and �2(IV) did not differentiate 

between them, i.e. it recognized them both. The presence of these major � chains was further 

confirmed by qRT-PCR. Both �1(IV)  and  �2(IV) messenger RNAs were found in cultured 

synovial fibroblasts indicating that both are present in synovial lining and are at least to an 

extent locally produced by type B synoviocytes. 

The rheumatoid synovial lining differed from the normal synovial lining. It contained 

very little or even lacked �1/2(IV), �5(IV) and �6(IV) chains in staining or, alternatively, their 

expression was below the detection threshold of the IF method used. Thus, the type IV 

collagen � chain proteins are very low in rheumatoid synovial lining indicating that binding 

of type A and B to the lining cell layer is probably relatively loose in the hyperplastic 

rheumatoid synovial lining compared to the healthy synovial lining. This may allow their 

interfacial movement in relation to each other upon joint extension, flexion and more 

complicated motility patterns. This probably results in the detachment of synovial lining cells 

as  was  can  be  seen  in  the  cytological  analysis  of  rheumatoid  synovial  fluid  (Stebulis  et  al.,  

2005). This loosening of the intercellular matrix in RA might in part contribute to synovial 

effusions, which are characteristically found in this and other inflammatory joint diseases. In 

the normal knee joint the fluid volume has been estimated to be 6.7 ± 2.3 ml, compared to 

13.6 ± 7.4 ml in mild OA and to 24.2 ± 16.3 ml in activated OA (Heilmann et al., 1996), but 

often much higher in RA (Yunus, 1981).  

To gain insight in non-RA inflammatory disease synovial membrane from OA and 

synovial membrane-like interface tissue, which represents foreign body synovitis around 

loosening total hip replacement implants, were studied. This approach helps to understand if 

these changes are specific for RA. A relatively similar result was observed in these two 

conditions as was seen in traumatic synovial membrane. However, it is still likely that the 

disappearance of the interstitial type IV collagen in RA is not a disease specific feature per se

but results from chronic and active inflammation. 

Our findings direct us towards some conclusions for the diminished synovial lining 

type IV collagen � chains in RA. The proportion of synovial lining macrophage-like type A 

cells marked by CD68 which is a monocyte/macrophage marker is greatly increased in RA. 

This has been described before (Athanasou et al., 1988) and reflects the role of the villous 

and hyperplastic lining in the management of apoptotic synovial fluid neutrophils in RA. For 

example, in a knee joint containing 50 ml synovial fluid with 50 x 109/l neutrophils, 1.25 x 
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109 apoptotic neutrophils have to be managed during one day if the neutrophils are expected 

to have a two-day life span after they have left the intravascular compartment and entered the 

synovial fluid. The macrophage-like type A lining cells do not produce type IV collagen. In 

the synovial lining it is produced by fibroblast-like type B lining cells. Therefore, the 

hyperplastic synovial lining, which contains an increased proportion of macrophage-like type 

A lining cells, contains relatively few type IV collagen producer cells. 

A  second  reason  for  the  diminished  type  IV  collagen  � chain  expression  in  the  

rheumatoid synovial lining might relate to inflammatory stimulation of the rheumatoid 

synovial lining fibroblast-like type B cells. In pursuit of this hypothesis, rheumatoid synovial 

fibroblasts were stimulated with pro-inflammatory doses of IL-1� or TNF-� which resulted in 

a decreased type IV collagen � chain mRNA levels in the stimulated synovial fibroblasts. 

Physiologically relevant values were used by investigating a range of the concentrations of 

these cytokines. Only IL-1� stimulations disclosed a tendency to dose-response, whereas 

TNF-� did not. These results indicate that both of these pro-inflammatory cytokines decrease 

type IV collagen � chain synthesis in rheumatoid synovial fibroblasts. In vivo, they are likely 

to act in concert, and together with other locally produced pro-inflammatory cytokines. Such 

combined inhibition by pro-inflammatory cytokines may also contribute to the diminished 

local synthesis of type IV collagen in synovial lining.  

An increased local and/or extrinsic type IV collagenase activity could be a third 

possible reason for the diminished type IV collagen expression in the rheumatoid synovial 

lining. In rheumatoid synovial lining MMP-9 (92 kD type IV collagenase, gelatinase B) was 

greatly increased, particularly in the macrophage-like type A lining cells. Activation of the 

rheumatoid synovial lining is indicated by an increased MMP-9 expression, which is 

inducible by pro-inflammatory factors and MMP-9 positivity indicates an activated state of 

the cell. In addition, inflammatory rheumatoid synovial fluid contained, according to 

zymographies, increased MMP-9 activity. Neutrophils form the major source of synovial 

fluid MMP-9. Because the healthy synovial fluid contains < 0.2 x 109 leukocytes per litre and 

< 25% of them are neutrophils (Altman, 2007), it is likely that the amount of MMP-9 would 

be lower in healthy synovial fluid than in our mildly inflammatory synovial fluid samples 

(although it was also there below the detection limit of the zymography). The locally 

produced MMP-9 as well as the MMP-9 released by neutrophils traversing the lining or 

residing in the synovial fluid, may contribute to local degradation of type IV collagen and, 
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thus, to the diminished expression of type IV collagen � chains in the rheumatoid synovial 

lining.  

Earlier pioneering findings have demonstrated the presence of type IV collagen in 

synovial lining (Pollock et al., 1990; Schumacher, 1975), which was confirmed by the present 

work  and  extended  to  an  analysis  of  the  � chain  composition  of  this  type  IV  collagen  

network. Type IV collagen � chain expression was greatly diminished in rheumatoid synovial 

lining, probably due to multifactorial reasons, which all contribute to the same end outcome 

and include increased proportion of type IV collagen non-producers (macrophage-like type A 

lining cells), increased local degradation by MMP-2 and MMP-9 locally synthesized and/or 

released (by synovial lining and fluid cells) and diminished local type IV collagen production 

as a result of inflammatory functio laesa caused by TNF-� and IL-1�.

Neutrophil migration through laminin �5 low expression regions  

The BM is structurally rugged to provide the adherent cells with structural support 

and provides a partial physical barrier by restricting the movement of the biological 

molecules. Usually the pore size of the BM is approximately 50 nm, permitting the 

bidirectional movement of only small molecules (Abrams et al., 2000a; Abrams et al., 2000b; 

Kalluri, 2003). Normally, certain cells like neutrophils are able to trespass this barrier 

relatively freely and rapidly migrate through these BM by interaction with the cells 

underlying the BM mainly via integrin receptors (Huber and Weiss, 1989; Ley et al., 2007). 

The RA synovial fluid typically contains high numbers of PMNs. In RA synovial 

fluid leukocytes reach often up to 5-50 x 109/l and most of these leukocytes are neutrophils 

(Harris, 1990). Furthermore, although neutrophils mature in the bone marrow for 10-14 days, 

they only circulate for 6-12 hours and after transmigration into tissues and body fluids live 

for 1-3 additional days before undergoing apoptosis (Bainton, 1975). This means that the 

neutrophil efflux to and turnover in synovial fluid is enormous. Generally migrating cells are 

unable to efficiently pass through pores with diameter < 2�m in size. Our results suggest that 

neutrophils pass through the synovial lining using laminin �5 low expression regions. Such 
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gateway regions were found in the synovial lining and double staining disclosed that exactly 

these regions contained transmigrating neutrophils. Transmigrating neutrophils were 

identified by their lactoferrin content. Lactoferrin is a neutrophil marker and is formed during 

the myelocyte stage of neutrophil development. It forms an important component of the 

granules specific for neutrophils, therefore called specific granules (or secondary granules 

because they form first after the primary or azurophil granules, which form already during the 

promyelocyte stage and are, in contrast to the neutrophil specific granules, also found in other 

myeloid cells, like monocyte/macrophages). 

In RA synovial fibroblasts, TNF-� decreased significantly laminin �5 chain mRNA 

levels and probably also its synthesis. IL-1� had a similar effect although this was not 

statistically significant. A combined effect may significantly decrease the concentration of the 

interstitial laminin �5 in the hypertrophic rheumatoid synovial lining. Interestingly, these 

same cytokines induce chemokines, including IL-8, epithelial neutrophil activating peptide-

78, monocyte chemoattractant protein-1 and macrophage inflammatory protein-1�. In 

particular, the best recognized biological activities of IL-8 centre around its effects on 

neutrophils. The stimulated synovial cells release IL-8 which thereby increases in 

concentration in rheumatoid synovial tissue and fluid (Brennan et al., 1990; Golds et al., 

1989; Koch et al., 1991; Koch et al., 2001; Seitz et al., 1991). The pannus–cartilage junction 

is yet another region where IL-8 has been detected. The chemotactic activity of synovial fluid 

for neutrophils was inhibited by 40% when IL-8 was neutralized by an appropriate antibody. 

This indicates that IL-8 in rheumatoid synovial fluid is functional (Koch et al., 2001). More 

chemotactic stimuli are produced by complement degradation products (Low and Moore, 

2005; Zvaifler, 1974) produced by immune complex-mediated complement activation. 

Notably, RA has been considered to be an extravascular, intra-articular immune complex 

disease, driven by IgG and rheumatoid factor complexes and complement activation. This 

paradigm, so nicely formulated by Professor Nathan J. Zvaifler, still holds true today 

(Edwards and Hallett, 1997; Zvaifler, 1974). Our immunohistopathological findings were in 

agreement with an effective and massive neutrophil migration from the circulatory 

compartment to the synovial fluid using laminin �5 low expression regions as the trans-lining 

neutrophil gateways. 

Neutrophil elastase (NE) and Cath G belong to neutrophil serine proteinases. They are 

active proteinases stored in the neutrophil granules and they can be secreted to the 
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extracellular space upon stimulation. NE is considered as an important in vivo activators of 

pro-MMPs, including the inducible 92 kD type IV collagenase or MMP-9 but not the 

constitutively expressed pro-form of 72 kD type IV collagenase or MMP-2 (Nagase, 1997). 

The neutrophil Fc� receptors cross-linked by immune complexes lead to full neutrophil 

activation (Willis et al., 1988). Consequently, immune complex-activated neutrophils 

discharge large quantities of toxic products, overwhelming the anti-proteinase shields of 

synovial fluid (Abbink et al., 1993; Ossanna et al., 1986). This neutrophil 

activation/degranulation has been considered to be important for destruction of hyaline 

articular cartilage as pro-infammatory cytokines capable of prolonging neutrophil survival are 

detectable in the RA synovial fluid (Chatham et al., 1993; Ugai et al., 1983; Weiss, 1989). 

We speculate that the migrating neutrophils generate by a localized and timely degranulation 

and by a concerted serine and MMP action gateway regions so that neutrophils can 

successfully complete their migratory mission, quite like they do in transendothelial 

migration (Wang et al., 2006b). Also, this is the first time the presence of laminin �4 chain is 

shown in the synovial lining layer. As suggested by Hallmann (Hallmann et al., 2005), it is 

possible that in the BM containing laminin �4 isoform but lacking laminin �5 isoform, the 

ability of the truncated “tau-cross” laminin �4 alone to self assemble and to be incorporated 

into the intercellular matrix may be compromised. Due to the NH2-terminal truncation of 

laminin �4 chain this result in a “looser” network making the penetration of migrating 

neutrophils easier. Our findings and the proposed theory provide substantial and logical 

insight to the simple but effective mechanism by which neutrophils could migrate across the 

synovial lining into the synovial fluid. 

Type IV collagen and vWF in the labial salivary gland from Sjögren’s 

syndrome  

Collagen type IV � chain composition in the tubuloacinar BM of the human labial 

salivary glands has not been reported before. Our hypothesis was that there might be some 

ductal and acinar compartment specific differences in type IV collagen � chain composition, 

which might affect the transdifferentiation of the intercalated duct progenitor cell into 
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secretory acinar cells in the acini. The presence of a positive stimulatory or lack of negative 

repressive factor could drive the transdifferentiation of an intercalated duct epithelial 

progenitor cell into a secretory acinar cell in healthy glands. No such acinar compartment 

specific differences in type IV collagen � chain composition were found. This suggests that 

type IV collagen � chain do not guide the differentiation of the progenitors to terminally 

differentiated acinar cells. This is in contrast to the presence laminin �1 chain only found in 

acini (and not present in the ducts), which according to the known combinatorial rules for 

trimeric laminins forms in acini part of Ln-111 (earlier laminin-1) (Aumailley et al., 2005). 

Not only was Ln-111 topologically restricted to the acinar compartment in healthy glands, but 

it was also weak or lacking in the acinar compartment in the labial salivary glands in patients 

with SS (Laine et al., 2004). This is in concert with the in vitro HSG-Matrigel culture system, 

in which cell culture model laminin �1 chain has been shown to be essential to the 

intercalated duct cell-to-acinar cell differentiation (Crema et al., 2006; Hoffman et al., 1996; 

Jung et al., 2000; Royce et al., 1993; Vag et al., 2007; Zheng et al., 1998). Type IV collagen 

� chains do not seem to provide a similar differentiation signals. Although several microarray 

experiments (Gottenberg et al., 2006; Hjelmervik et al., 2005; Killedar et al., 2006) and 

proteomic (Hu et al., 2007; Ryu et al., 2006) studies have been done on the salivary gland and 

whole saliva from patients with SS, the profile of collagen type IV � chains was not studied 

in any of them. 

The second aim of the paper related intimately to its first aim. We tried to clarify if 

the ductal and acinar tubuloacinar BM are different in healthy controls and in patients with 

SS. In particular, it would have been interesting if some acinar compartment specific type IV 

collagen � chain eventually able to provide a positive differentiation signal would have been 

found in healthy control glands but would have lacked in SS; or conversely, if some 

potentially repressive signal not found in healthy glands would have been present in acini in 

SS. Also this part of the hypothesis was refuted as no such type IV collagen � chain specific 

difference were found between healthy controls and patients with SS. 

Although our two-part working hypothesis was disapproved, some interesting 

findings and tentative conclusions emerged. Watery saliva derives from plasma as part of the 

salivation reflex, whereas the salivary mucins are produced by and stored in the acinar cells 

(Berne MR, 2004). Thus, production of saliva subjects the acini and acinar BM to 

considerable stretching by watery saliva and hydrophilic salivary mucins. Upon stimulation 
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of the salivation reflex by mastication (mechanical stimulation), food (gustatory stimuli), 

smell of the food (olfactory stimuli) and/or thought of the food (mental stimuli), the 

myoepithelial  cells  surrounding the acini contract  to empty the acinar cells and to expel the 

primary saliva produced to the salivary ducts. This subjects the acini and acinar BM to a 

considerable constriction and diminution of the volume; whereas the salivary ducts and their 

tubular BM are subjected to a considerable stretching as saliva passes through the ductal 

system towards the mucous membrane. Interestingly, type IV collagen �5 and �6 chains 

have been reported to be present in the BM of aortic smooth muscle cells (Seki et al., 1998), 

which are subjected to cyclic stretching as a result of pulse and blood pressure waves. BM of 

the smooth muscle cells in the wall of other organs, like esophagus, stomach and urinary 

bladder, subjected to alternating and sometimes relatively large and sudden dilations and/or 

constrictions, also contain type IV collagen �5 and �6 chains and probably the �����6 timer 

(Kiyofuji et al., 2002; Seki et al., 1998). It is therefore concluded that type IV collagen �5

and �6 chains may also in the salivary glands impart the tubuloacinar BM of healthy glands 

with elasticity allowing stretching and recoil of acinar and ductal salivary BM. Relatively 

weak type IV collagen �5 and �6 chain expression in diseased glands may compromise this 

quality in SS. However, this structural abnormality may be secondary to the diminished 

salivary flow (disuse atrophy) and/or increased local synthesis of matrix metalloproteinases 

able to degrade type IV collagen in the BM (Azuma et al., 1997; Goicovich et al., 2003; 

Hanemaaijer et al., 1998; Konttinen et al., 1994; Seki et al., 1998). 

Type IV collagen �1 and �2 chains were present in highest mRNA copy numbers and 

their staining was strong and solid. This indicates that these two type IV collagen � chains 

form the backbone of the structurally supporting tubuloacinar BM of the salivary glands. 

They might also play some important functional role, like prevention of anoikis, a special 

form of apoptosis due to loss of cell-matrix contact (Manganelli and Fietta, 2003). These two 

� chains are considered as universal BM components and exist throughout the body (Tanjore 

and Kalluri, 2006). In contrast, type IV collagen �3 and �4 chains are more restricted and 

tissue specific in their distribution and are found for example in the fetal kidney glomeruli 

and also in adult kidneys, but restricted to BM of glomerular Bowman’s capsule and some of 

the distal tubules and collecting ducts (Lohi et al., 1997). These general observations are in 

line with our present findings on the presence and distribution of these � chains in human 

labial salivary glands. 
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Von Willebrand Factor in capillary blood vessels of labial salivary gland  

Von Willebrand factor is specifically synthesised by vascular endothelial cells and 

megakaryocytes and stored mostly in Weibel-Palade bodies and to a smaller extent in the �-

granules of megakaryocytes and platelets, which constitutes 15-20 % of the total vWF. VWF 

is not synthesized and/or stored by any other cells. The secretion of vWF follows three 

routes: 1) the constitutive secretion is a continuous process of release and requires no cellular 

stimulation; 2) the regulated release of vWF occurs from the Weibel-Palade bodies upon 

cellular stimulation, in response to secretagogues, or upon vascular endothelial cell damage; 

3) a third pathway involves both of the above so that processed vWF from the Golgi complex 

is targeted to storage granules as in regulated secretion but is continuously secreted from this 

storage pool without provocation (constitutive-like secretion or basal secretion) (Johnsen and 

Lopez, 2008). In immunohistopathology vWF is therefore often used as a specific 

immunohistochemical endothelial cell marker. Its location relates to its hemostasis-specific 

dual function. One of these functions is constitutive binding to and stabilization of 

coagulation factor VIII (haemophilia A factor). Therefore, vWF is often also called factor 

VIII-related antigen, but this name only relates to its constitutively secreted oligomeric form; 

dimeric  vWF  has  a  molecular  weight  of  approximately  540  kD.  Some  of  the  mutations  of  

vWF lead to an inability to bind to factor VIII, which is then destabilized and has a short half 

life, which leads to haemophilia A-like symptoms, like intra-articular and major internal 

bleedings. High molecular weight forms of vWF, containing maximally up to 50-100 dimeric 

protomers (Ruggeri, 1999), are in the endothelial cells stored in rod-shaped Weibel-Palade 

bodies, which form the ultramorphological markers for endothelial cells in transmission 

electron microscopic studies, again emphasizing its endothelial cell specificity. 

Immunohistochemical staining of vWF showed a surprisingly dense microvasculature in the 

healthy human LSGs by disclosing vWF immunoreactive endothelial lining in the rounded 

arterioles with well developed medial smooth muscle cell layer, tiny capillaries consisting of 

endothelial cells organized by capillary basement membranes without medial or adventitial 

cell layers, and much larger, thin walled post-capillary venules with relatively large vascular 

lumina of variable shapes. This easy identification of different blood vessels was possible 

based on the strong vWF staining of the vascular endothelial cells, with practically no non-

specific cellular or matrix background staining.  
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VWF occurs in Weibel-Palade bodies also in polymeric, high molecular weight 

form that may be 25,000-50,000 kD. This form of vWF is not constitutively released, but is 

only released upon activation and, in particular, upon damage of vascular endothelial cells. It 

does not stabilize factor VIII but contributes to haemostasis in a different way, by acting as 

an inter-adhesive glycoprotein. It forms bridges between subendothelial perivascular 

collagens (collagen-binding domains) and blood platelets (platelet glycoprotein-binding 

domain) promoting platelet adhesion to sites of vascular damage. Furthermore, polyvalent 

vWF binds platelets to other platelets, cross-linking platelets via their vWF receptors utilizing 

gp Ib-IX-V and gp IIb-IIIa, contributing to local platelet aggregation. This vWF function is 

particularly important under high shear rate conditions in the arteriolar resistance blood 

vessels, but also in microvasculature in general. Damage-induced release of high molecular 

weight polyvalent vWF has, apart from its platelet adhesion and aggregation promoting 

properties, two other consequences of relevance in this context (�eponis et al., 1996b). 

Release of vWF from endothelial cells causes weakening of the endothelial cell staining. This 

is caused by the diminished number of antibody binding immunoreactive vWF epitopes in 

damaged cells, which have released much of their vWF stores. Second, release and binding of 

vWF to the perivascular connective tissue leads to perivascular vWF deposits, due to high 

avidity polyvalent binding. Naturally some of the vWF is released into the circulation, which 

was not studied in this work but has been reported elsewhere (Blann et al., 1992). These two 

reciprocal phenomena were not seen in the microvasculature in healthy control LSGs, but 

were often observed as focal phenomena in arterioles, capillaries and venules in SS. This 

indicates that focal sialadenitis in SS is caused by or leads to microvascular injury, well in 

accordance with the hypothesis presented in the introduction. Such local vascular damage is 

likely to activate platelets to form white platelet microthrombi and to initiate coagulation 

leading to impaired microcirculation, which might impair the formation of primary saliva in 

the peri-acinar capillary network.  

We expected to observe vascular damage to lead to destruction and loss of 

capillary blood vessels in LSGs in SS because this would have helped to explain the exocrine 

failure and quantitative (and qualitative) impairment of saliva so typical to this syndrome. In 

spite of relatively extensive microvascular damage, salivary gland capillaries were not 

significantly decreased in numbers in SS compared to healthy controls. On the contrary, 

capillary blood vessel density showed a slight trend to increment, perhaps representing an 
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effort to compensate via angiogenesis for the impaired and dysregulated peri-acinar capillary 

flow caused by microvascular damage. 

To extend the present study, future studies should address functional 

characteristics of salivary gland microcirculation because impaired relaxation of the 

precapillary sphincter and dysregulated coordination of the vascular functions with acinar and 

myoepithelial cells functions creating the transacinar osmotic and hydrostatic gradients 

necessary for salivary flow (Konttinen YT, in press) might greatly contribute to impaired 

salivary flow in SS. It has long been disputed whether or not SS is associated with autonomic 

neuropathy, but such studies have mostly focused on cardiovascular tests (Andonopoulos et 

al., 1998; Barendregt et al., 1999; Cai et al., 2008; Kovacs et al., 2004; Mandl et al., 2007; 

Niemela et al., 2003; Tumiati et al., 2000) although autonomic dysfunction in SS might 

particularly affect the exocrine glandular function, the study of which might provide more 

uniform data on its eventual presence or absence. 
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CONCLUSION AND FUTURE PROSPECTS

The major components of the BM are type IV collagen network and laminin network. 

VWF binds to collagen and captures platelets from rapidly flowing blood at sites of vessel 

wall injury. It serves as a carrier for coagulation factor VIII, which it delivers to the sites of 

coagulation enzyme complex assembly. 

The aim of this study was twofold- Firstly, to determine the composition of the type 

IV collagen in the synovial lining of the RA patient and in the tubuloacinar BM in the labial 

salivary gland of the SS patient. Both these were compared with sample controls.  In case of 

RA the patient controls were from OA and trauma patients while in SS the negative sample 

controls were obtained from patients who were suspected but did not have SS. Secondly, this 

thesis aimed to investigate even deeper investigating the role of the BM component laminin 

�4 and laminin �5 in the migration of neutrophils from the blood vessels thorough the 

synovial lining layer into synovial fluid and the presence of vWF in the microvasculature of 

labial salivary gland in SS. Since primary saliva is produced as a result of transudation from 

periacinar capillary blood vessels we hypothesize that blood vessels would be damaged and 

capillaries would be low in numbers in salivary glands contributing in a characteristic 

hyposalivation in SS. 

This twofold approach allows us to intuitively understand the intricate relation 

between the ECM components and the immunopathological changes that occur during the 

pathogenesis of these inflammatory rheumatic disease processes. Also notably this study 

highlights the importance of maintaining a healthy ECM to prevent the progression or 

possibly allow reversal of the disease to a considerable level. Furthermore, it can be 

speculated that a healthy BM could quarantine the inflamed region or in case of cancer cells 

barricade the movement of malignant cells thereby preventing further spread to the 

surrounding areas. This understanding can be further applied to design appropriate drugs 

which act specifically to maintain a proper BM/BM like intercellular matrix composition 

especially in diseases that have the tendency to spread to adjacent or far off regions. The 

current attention directed towards this approach is inadequate and calls for further molecular 

understanding alongside further pharmacological development. 



74

ACKNOWLEDGEMENTS

This is a section which I write with great pleasure iced with personal emotion because 

this is single opportunity I have to infinitely thank those friends, co-workers and respected 

Professor Konttinen who have made this thesis possible. 

Before I mention several colleagues I would like to pause a moment to convey my 

deepest appreciation to my friends Dr. Mahar, Jyri and Hekki who kept me company and 

stood  by  my  side  whenever  I  needed  them.  They  were  also  the  reason  I  never  felt  lonely  

during the dark winters apart from spicing up my life in Helsinki like none other. 

My parents are my backbone and the source of my inspiration. I am grateful to them 

lot more than a fish to its sea. Truly, my dreams wouldn’t have been built without them. I 

would never forget the fact that they lived their life selflessly in pursuit of providing the best 

possible to their children even in the toughest of times.  

This thesis would be of no worth if I wouldn’t take a moment to acknowledge and 

appreciate my sister and my brother-in-law for the kind of support they have provided me. It 

goes without saying that they are as important to me as an engine to a car.   

Even though my wife wasn’t present during the major part of my thesis, I still would 

like to appreciate her for her patience and understanding and am looking forward to be able to 

meet our shoulders as we cruise through the abyss of our life’s journey ahead. I can already 

imagine her being more excited than me on my dissertation day. She is indeed, without any 

doubts my better half.  

I thank Tarvo, Mari, Liisa, Jakko, Daisuke, Jami for not only being kind, helpful and 

caring co-workers but also being close to me at a personal level. In, particular Mari has 

always been like my sister whom I missed so much. 

I wouldn’t like to leave this opportunity to thank Eija, who brought a lot of charm to 

our group and posses a lot of goodness. If Eija reads this I wish to convey my appreciations 

and wish good in her life and hope for her good health and wonderful days ahead. 



75

I would also like to convey my appreciation to Anup, Bindu, Siddesh, Sofia and 

Rohit. 

Like  in  all  publications  the  professor’s  name  comes  last,  but,  nevertheless  he  is  the  

most important person without whom this achievement would be impossible. He has been the 

heart  in  the  development  of  this  thesis  and  more  importantly  also  the  torch  provider  to  the  

mysterious world of research where at every corner there are few secrets waiting to be 

uncovered by a prepared mind. He has also been a great inspirer and kind mentor at a 

personal level. I have always felt his arm of protection over my head which could be 

interpreted as a shelter under which I grew for more than half a decade. It has been a very 

pleasant experience to work with him and hope that I could in future, wherever I may be, be 

able to maintain communication, to this one and only mentor who has inspired me so much.

In Helsinki 25.10.2009 

Praseet Poduval 



Acknowledgement… 

 

I also convey my deepest appreciation to the other Professor of this 
thesis, Professor Ismo Virtanen, Head of the Department of Anatomy for 
providing me the antibodies, tissue samples and excellent research advices 
and helping me with his comments and reprints when we were writing the 
integrin papers. He has been kind to me beyond words.  

I am also greatly indebted to the continuous support to my work and 
stay by Docent Jari Salo. 

This thesis would not be complete without mentioning Mika 
Hukkanen and Mikko Liljeström for their excellent support with the confocal 
microscope. They have been extremely kind to me. I just wish that in future I 
would have an opportunity to reply to their kindness. If they read this part of 
the thesis I would like to let them know that they will always be in the 
positive side of my memory. 

I would also like to thank Arzu Beklen and Vasily Stegaev for being 
a kind co-worker and a friend. My deepest appreciation also goes to Krishna 
Chaithanya Batchu who though being my junior, was always ready to offer 
me a helping hand. I thank Professor’s Assistant Hanna-Mari Andelmaa for 
helping with many technical things relating to my stay and work in Finland. 

Finally I am greatly indebted to my fellow group members who 
though unintentionally taught me the importance of being confident, self 
supportive and other essentials for survival. This is also a great opportunity 
to convey my appreciation to Erkki Hänninen for providing me aliquots of 
reagents whenever I needed apart from introducing me to the lab techniques. 
A special thanks also to Pauliina Porola and I would like to wish her all 
success in her future endeavor. Last but not the least I thank those colleagues 
with whom I have come in contact with during these years and published 
jointly papers with, for example Vesa-Petteri Kouri and Mahsa Dabagh 
Meshin.  

A special thanks to the foundations and hospitals, which provided us 
the necessary grants thereby making this thesis successful- Sigrid Jusélius 
Foundation, Finska Läkaresällskapet, Wilhelm and Else Stockmann 
Foundation, the Finnish Funding Agency For Technology And Inovation 



(Tekes), EVO grants, Academy of Finland, Finnish Dental Society 
Appolonia, the Research Foundation of Farmos, the Finnish Society for 
Rheumatology, European Science Foundation “Regenerative Medicine” 
RNP, Danish Council for Strategic Research, ORTON Orthopedic Hospital 
of ORTON Foundation, Helsinki, Finland, and the COXA Hospital for Joint 
Replacement, Tampere, Finland. This work was supported by the National 
Graduate School of Musculoskeletal Disease and Biomaterials. 

In Helsinki 

 

Praseet Poduval 



76

REFERENCES

Abbink, J.J., Kamp, A.M., Nuijens, J.H., Swaak, T.J., and E., H.C. (1993). Proteolytic 

inactivation of alpha 1-antitrypsin and alpha 1-antichymotrypsin by neutrophils in arthritic 

joints. Arthritis Rheum 36, 168-180. 

Abrams, G.A., Goodman, S.L., Nealey, P.F., Franco, M., and Murphy, C.J. (2000a). 

Nanoscale topography of the basement membrane underlying the corneal epithelium of the 

rhesus macaque. Cell Tissue Res 299, 39-46. 

Abrams, G.A., Schaus, S.S., Goodman, S.L., Nealey, P.F., and Murphy, C.J. (2000b). 

Nanoscale topography of the corneal epithelial basement membrane and Descemet's 

membrane of the human. Cornea 19, 57-64. 

Aho, K., Palosuo, T., Raunio, V., Puska, P., Aromaa, A., and Salonen, J.T. (1985). When 

does rheumatoid disease start? Arthritis Rheum 28, 485-489. 

Alamanos,  Y.,  and  Drosos,  A.A.  (2005).  Epidemiology  of  adult  rheumatoid  arthritis.  

Autoimmunity Reviews 4, 130-136. 

Alberts, B., Bray, D., Hopin, K., Johnson, A., Lewis, J., Raff, M., Roberts, K., and Walter, P. 

(2004). Tissues and Cancer. In Essential cell biology ( New York and London, Garland 

Science. ). 

Allen, D.H., and Tracy, P.B. (1995). Human coagulation factor V is activated to the 

functional cofactor by elastase and cathepsin G expressed at the monocyte surface. J Biol 

Chem 270, 1408-1415. 

Altman, R. (2007). Laboratory findings in osteoarthritis. In Osteoarthritis: diagnosis and 

medical/surgical management R.A. RW Moskowitz , MC Hochberg ,JA Buckwalter ,VM 

Goldberg ed. (Philadelphia, Lippincott Williams & Wilkins), pp. 201-213. 



77

Andonopoulos, A.P., Christodoulou, J., Ballas, C., Bounas, A., and Alexopoulos, D. (1998). 

Autonomic cardiovascular neuropathy in Sjogren's syndrome. A controlled study. J 

Rheumatol 25, 2385-2388. 

Athanasou, N.A., Quinn, J., Heryet, A., Puddle, B., Woods, C.G., and McGee, J.O. (1988). 

The immunohistology of synovial lining cells in normal and inflamed synovium. J Pathol

155, 133-142. 

Aumailley, M., Bruckner-Tuderman, L., Carter, W.G., Deutzmann, R., Edgar, D., Ekblom, 

P., Engel, J., Engvall, E., Hohenester, E., Jones, J.C.,  et  al. (2005). A simplified laminin 

nomenclature. Matrix Biol 24, 326-332. 

Aumailley, M., and Gayraud, B. (1998). Structure and biological activity of the extracellular 

matrix. J Mol Med 76, 253-265. 

Aumailley, M., and Smyth, N. (1998). The role of laminins in basement membrane function. 

J Anat 193 ( Pt 1), 1-21. 

Aumailley, M., and Timpl, R. (1986). Attachment of cells to basement membrane collagen 

type IV. J Cell Biol 103, 1569-1575. 

Avouac, J., Sordet, C., Depinay, C., Ardizonne, M., Vacher-Lavenu, M.C., Sibilia, J., Kahan, 

A., and Allanore, Y. (2006). Systemic sclerosis-associated Sjogren's syndrome and 

relationship to the limited cutaneous subtype: results of a prospective study of sicca 

syndrome in 133 consecutive patients. Arthritis Rheum 54, 2243-2249. 

Azuma, M., Motegi, K., Aota, K., Hayashi, Y., and Sato, M. (1997). Role of cytokines in the 

destruction of acinar structure in Sjogren's syndrome salivary glands. Lab Invest 77, 269-280. 

Bacman, S., Perez Leiros, C., Sterin-Borda, L., Hubscher, O., Arana, R., and Borda, E. 

(1998). Autoantibodies against lacrimal gland M3 muscarinic acetylcholine receptors in 

patients with primary Sjogren's syndrome. Invest Ophthalmol Vis Sci 39, 151-156. 

Bacman, S., Sterin-Borda, L., Camusso, J.J., Arana, R., Hubscher, O., and Borda, E. (1996). 

Circulating antibodies against rat parotid gland M3 muscarinic receptors in primary Sjogren's 

syndrome. Clin Exp Immunol 104, 454-459. 



78

Baggiolini, M., Schnyder, J., Bretz, U., Dewald, B., and Ruch, W. (1979). Cellular 

mechanisms of proteinase release from inflammatory cells and the degradation of 

extracellular proteins. Ciba Found Symp, 105-121. 

Bainton, D.F. (1975). Neutrophil granules. Br J Haematol 29, 17-22. 

Bank, U., and Ansorge, S. (2001). More than destructive: neutrophil-derived serine proteases 

in cytokine bioactivity control. J Leukoc Biol 69, 197-206. 

Barendregt, P.J., van Den Meiracker, A.H., Markusse, H.M., Tulen, J.H., Boomsma, F., van 

Der Heijde, G.L., and Veld, A.J. (1999). Parasympathetic failure does not contribute to ocular 

dryness in primary Sjogren's syndrome. Ann Rheum Dis 58, 746-750. 

Barker, D.F., Hostikka, S.L., Zhou, J., Chow, L.T., Oliphant, A.R., Gerken, S.C., Gregory, 

M.C., Skolnick, M.H., Atkin, C.L., and Tryggvason, K. (1990). Identification of mutations in 

the COL4A5 collagen gene in Alport syndrome. Science 248, 1224-1227. 

Beech, J.T., Andreakos, E., Ciesielski, C.J., Green, P., Foxwell, B.M., and Brennan, F.M. 

(2006). T-cell contact-dependent regulation of CC and CXC chemokine production in 

monocytes through differential involvement of NFkappaB: implications for rheumatoid 

arthritis. Arthritis Res Ther 8, R168. 

Belafsky, P.C., and Postma, G.N. (2003). The laryngeal and esophageal manifestations of 

Sjogren's syndrome. Curr Rheumatol Rep 5, 297-303. 

Berne MR, L.N., Kooppen MB, Stanton AB (2004). Gastrointestinal secretion. In Physiology 

(New York, Mosby), pp. 566-594. 

Binard, A., Devauchelle-Pensec, V., Fautrel, B., Jousse, S., Youinou, P., and Saraux, A. 

(2007). Epidemiology of Sjogren's syndrome: where are we now? Clinical and Experimental 

Rheumatology 25, 1-4. 

Blann, A.D., Wainwright, A.C., and Emery, P. (1992). Damage to the endothelium in 

Sjogren's syndrome: lack of correlation with antinuclear antibody titre and presence of 

antibodies to SSA or SSB autoantigens. Ann Rheum Dis 51, 389-390. 



79

Bosman, F.T., and Stamenkovic, I. (2003). Functional structure and composition of the 

extracellular matrix. J Pathol 200, 423-428. 

Brennan, F.M., Zachariae, C.O., Chantry, D., Larsen, C.G., Turner, M., Maini, R.N., 

Matsushima, K., and Feldmann, M. (1990). Detection of interleukin 8 biological activity in 

synovial fluids from patients with rheumatoid arthritis and production of interleukin 8 mRNA 

by isolated synovial cells. Eur J Immunol 20, 2141-2144. 

Cai, F.Z., Lester, S., Lu, T., Keen, H., Boundy, K., Proudman, S.M., Tonkin, A., and 

Rischmueller, M. (2008). Mild autonomic dysfunction in primary Sjogren's syndrome: a 

controlled study. Arthritis Res Ther 10, R31. 

�eponis, A., Konttinen, Y.T., MacKevicius, Z., Solovieva, S.A., Hukkanen, M., 

Tamulaitiene, M., Matulis, A., and Santavirta, S. (1996a). Aberrant vascularity and von 

Willebrand factor distribution in inflamed synovial membrane. J Rheumatol 23, 1880-1886. 

�eponis, A., Konttinen, Y.T., MacKevicius, Z., Solovieva, S.A., Hukkanen, M., 

Tamulaitiene, M., Matulis, A., and Santavirta, S. (1996b). Aberrant vascularity and von 

Willebrand factor distribution in inflamed synovial membrane. J Rheumatol 23, 1880-1886. 

�eponis, A., Konttinen, Y.T., Takagi, M., Xu, J.W., Sorsa, T., Matucci-Cerinic, M., 

Santavirta, S., Bankl, H.C., and Valent, P. (1998). Expression of stem cell factor (SCF) and 

SCF receptor (c-kit) in synovial membrane in arthritis: correlation with synovial mast cell 

hyperplasia and inflammation. J Rheumatol 25, 2304-2314. 

Chatham, W.W., Swaim, R., Frohsin, H., Jr., Heck, L.W., Miller, E.J., and Blackburn, W.D., 

Jr. (1993). Degradation of human articular cartilage by neutrophils in synovial fluid. Arthritis 

Rheum 36, 51-58. 

Chisholm, D.M., and Mason, D.K. (1968). Labial salivary gland biopsy in Sjogren's disease. 

J Clin Pathol 21, 656-660. 

Clark, R.A., Tonnesen, M.G., Gailit, J., and Cheresh, D.A. (1996). Transient functional 

expression of alphaVbeta 3 on vascular cells during wound repair. Am J Pathol 148, 1407-

1421.



80

Cobbold, S.P., Qin, S., Leong, L.Y., Martin, G., and Waldmann, H. (1992). Reprogramming 

the immune system for peripheral tolerance with CD4 and CD8 monoclonal antibodies. 

Immunol Rev 129, 165-201. 

Colognato, H., and Yurchenco, P.D. (2000). Form and function: the laminin family of 

heterotrimers. Dev Dyn 218, 213-234. 

Crema, V.O., Hamassaki, D.E., and Santos, M.F. (2006). Small Rho GTPases are important 

for acinus formation in a human salivary gland cell line. Cell Tissue Res 325, 493-500. 

Davies, M., Barrett, A.J., Travis, J., Sanders, E., and Coles, G.A. (1978). The degradation of 

human glomerular basement membrane with purified lysosomal proteinases: evidence for the 

pathogenic role of the polymorphonuclear leucocyte in glomerulonephritis. Clin Sci Mol Med

54, 233-240. 

Denny, P.C., and Denny, P.A. (1999). Dynamics of parenchymal cell division, 

differentiation, and apoptosis in the young adult female mouse submandibular gland. Anat 

Rec 254, 408-417. 

Doi, M., Thyboll, J., Kortesmaa, J., Jansson, K., Iivanainen, A., Parvardeh, M., Timpl, R., 

Hedin, U., Swedenborg, J., and Tryggvason, K. (2002). Recombinant human laminin-10 

(alpha5beta1gamma1). Production, purification, and migration-promoting activity on 

vascular endothelial cells. J Biol Chem 277, 12741-12748. 

Dreher, R. (1982). Origin of synovial type A cells during inflammation. An experimental 

approach. Immunobiology 161, 232-245. 

Durkin, M.E., Loechel, F., Mattei, M.G., Gilpin, B.J., Albrechtsen, R., and Wewer, U.M. 

(1997). Tissue-specific expression of the human laminin alpha5-chain, and mapping of the 

gene to human chromosome 20q13.2-13.3 and to distal mouse chromosome 2 near the locus 

for the ragged (Ra) mutation. FEBS Lett 411, 296-300. 

Edwards, J.C., and Willoughby, D.A. (1982). Demonstration of bone marrow derived cells in 

synovial lining by means of giant intracellular granules as genetic markers. Ann Rheum Dis

41, 177-182. 



81

Edwards, S.W., and Hallett, M.B. (1997). Seeing the wood for the trees: the forgotten role of 

neutrophils in rheumatoid arthritis. Immunol Today 18, 320-324. 

Eversole, L.R. (1971). Histogenic classification of salivary tumors. Arch Pathol 92, 433-443. 

Fox, R.I. (2005). Sjogren's syndrome. Lancet 366, 321-331. 

Fox, R.I., Konttinen, Y., and Fisher, A. (2001). Use of muscarinic agonists in the treatment of 

Sjogren's syndrome. Clin Immunol 101, 249-263. 

Frieser, M., Nockel, H., Pausch, F., Roder, C., Hahn, A., Deutzmann, R., and Sorokin, L.M. 

(1997). Cloning of the mouse laminin alpha 4 cDNA. Expression in a subset of endothelium. 

Eur J Biochem 246, 727-735. 

Fujiwara, H., Kikkawa, Y., Sanzen, N., and Sekiguchi, K. (2001). Purification and 

characterization of human laminin-8. Laminin-8 stimulates cell adhesion and migration 

through alpha3beta1 and alpha6beta1 integrins. J Biol Chem 276, 17550-17558. 

Geberhiwot, T., Assefa, D., Kortesmaa, J., Ingerpuu, S., Pedraza, C., Wondimu, Z., Charo, J., 

Kiessling, R., Virtanen, I., Tryggvason, K., et al. (2001). Laminin-8 (alpha4beta1gamma1) is 

synthesized by lymphoid cells, promotes lymphocyte migration and costimulates T cell 

proliferation. J Cell Sci 114, 423-433. 

Geberhiwot, T., Ingerpuu, S., Pedraza, C., Neira, M., Lehto, U., Virtanen, I., Kortesmaa, J., 

Tryggvason,  K.,  Engvall,  E.,  and  Patarroyo,  M.  (1999).  Blood platelets  contain  and  secrete  

laminin-8 (alpha4beta1gamma1) and adhere to laminin-8 via alpha6beta1 integrin. Exp Cell 

Res 253, 723-732. 

Gilboe, I.M., Kvien, T.K., Uhlig, T., and Husby, G. (2001). Sicca symptoms and secondary 

Sjogren's syndrome in systemic lupus erythematosus: comparison with rheumatoid arthritis 

and correlation with disease variables. Ann Rheum Dis 60, 1103-1109. 

Goicovich, E., Molina, C., Perez, P., Aguilera, S., Fernandez, J., Olea, N., Alliende, C., 

Leyton, C., Romo, R., Leyton, L., et al. (2003). Enhanced degradation of proteins of the basal 

lamina and stroma by matrix metalloproteinases from the salivary glands of Sjogren's 



82

syndrome patients: correlation with reduced structural integrity of acini and ducts. Arthritis 

Rheum 48, 2573-2584. 

Golds, E.E., Mason, P., and Nyirkos, P. (1989). Inflammatory cytokines induce synthesis and 

secretion of gro protein and a neutrophil chemotactic factor but not beta 2-microglobulin in 

human synovial cells and fibroblasts. Biochem J 259, 585-588. 

Gottenberg, J.E., Cagnard, N., Lucchesi, C., Letourneur, F., Mistou, S., Lazure, T., Jacques, 

S., Ba, N., Ittah, M., Lepajolec, C.,  et  al. (2006). Activation of IFN pathways and 

plasmacytoid dendritic cell recruitment in target organs of primary Sjogren's syndrome. Proc 

Natl Acad Sci U S A 103, 2770-2775. 

Greenspan, J.S., Daniels, T.E., Talal, N., and Sylvester, R.A. (1974). The histopathology of 

Sjogren's syndrome in labial salivary gland biopsies. Oral Surg Oral Med Oral Pathol 37,

217-229.

Hallmann, R., Horn, N., Selg, M., Wendler, O., Pausch, F., and Sorokin, L.M. (2005). 

Expression and function of laminins in the embryonic and mature vasculature. Physiol Rev

85, 979-1000. 

Hanemaaijer, R., Visser, H., Konttinen, Y.T., Koolwijk, P., and Verheijen, J.H. (1998). A 

novel and simple immunocapture assay for determination of gelatinase-B (MMP-9) activities 

in biological fluids: saliva from patients with Sjogren's syndrome contain increased latent and 

active gelatinase-B levels. Matrix Biol 17, 657-665. 

Harris, E.D., Jr. (1990). Rheumatoid arthritis. Pathophysiology and implications for therapy. 

N Engl J Med 322, 1277-1289. 

Heck, L.W., Blackburn, W.D., Irwin, M.H., and Abrahamson, D.R. (1990). Degradation of 

basement membrane laminin by human neutrophil elastase and cathepsin G. Am J Pathol

136, 1267-1274. 

Heilmann, H.H., Lindenhayn, K., and Walther, H.U. (1996). [Synovial volume of healthy and 

arthrotic human knee joints]. Z Orthop Ihre Grenzgeb 134, 144-148. 



83

Henson, P.M., and Johnston, R.B., Jr. (1987). Tissue injury in inflammation. Oxidants, 

proteinases, and cationic proteins. J Clin Invest 79, 669-674. 

Hirosaki. T, M.H., Tsubota. Y, Moriyama. K, Miyazaki. K (2000). Structural requirement of 

carboxyl-terminal globular domains of laminin alpha 3 chain for promotion of rapid cell 

adhesion and migration by laminin-5. J Biol Chem 275, 22495-22502. 

Hjelmervik, T.O., Petersen, K., Jonassen, I., Jonsson, R., and Bolstad, A.I. (2005). Gene 

expression profiling of minor salivary glands clearly distinguishes primary Sjogren's 

syndrome patients from healthy control subjects. Arthritis Rheum 52, 1534-1544. 

Hoffman, M.P., Kibbey, M.C., Letterio, J.J., and Kleinman, H.K. (1996). Role of laminin-1 

and TGF-beta 3 in acinar differentiation of a human submandibular gland cell line (HSG). J 

Cell Sci 109 ( Pt 8), 2013-2021. 

Hu, S., Wang, J., Meijer, J., Ieong, S., Xie, Y., Yu, T., Zhou, H., Henry, S., Vissink, A., 

Pijpe, J.,  et  al. (2007). Salivary proteomic and genomic biomarkers for primary Sjogren's 

syndrome. Arthritis Rheum 56, 3588-3600. 

Huber, A.R., and Weiss, S.J. (1989). Disruption of the subendothelial basement membrane 

during neutrophil diapedesis in an in vitro construct of a blood vessel wall. J Clin Invest 83,

1122-1136.

Hudson, B.G., Reeders, S.T., and Tryggvason, K. (1993). Type IV collagen: structure, gene 

organization, and role in human diseases. Molecular basis of Goodpasture and Alport 

syndromes and diffuse leiomyomatosis. J Biol Chem 268, 26033-26036. 

Hynes, R.O. (1992). Integrins: versatility, modulation, and signaling in cell adhesion. Cell 69,

11-25.

Hynes, R.O. (2009). The extracellular matrix: not just pretty fibrils. Science 326, 1216-1219. 

Ido, H., Harada, K., Futaki, S., Hayashi, Y., Nishiuchi, R., Natsuka, Y., Li, S., Wada, Y., 

Combs, A.C., Ervasti, J.M., et al. (2004). Molecular dissection of the alpha-dystroglycan- and 

integrin-binding sites within the globular domain of human laminin-10. J Biol Chem 279,

10946-10954.



84

Isaksen, K., Jonsson, R., and Omdal, R. (2008). Anti-CD20 treatment in primary Sjogren's 

syndrome. Scand J Immunol 68, 554-564. 

Isik, F.F., Gibran, N.S., Jang, Y.C., Sandell, L., and Schwartz, S.M. (1998). Vitronectin 

decreases microvascular endothelial cell apoptosis. J Cell Physiol 175, 149-155. 

Itoh, N., Yonehara, S., Ishii, A., Yonehara, M., Mizushima, S., Sameshima, M., Hase, A., 

Seto, Y., and Nagata, S. (1991). The polypeptide encoded by the cDNA for human cell 

surface antigen Fas can mediate apoptosis. Cell 66, 233-243. 

Iwanaga, T., Shikichi, M., Kitamura, H., Yanase, H., and Nozawa-Inoue, K. (2000). 

Morphology and functional roles of synoviocytes in the joint. Arch Histol Cytol 63, 17-31. 

Janoff, A., and Scherer, J. (1968). Mediators of inflammation in leukocyte lysosomes. IX. 

Elastinolytic activity in granules of human polymorphonuclear leukocytes. J Exp Med 128,

1137-1155.

Järveläinen, H., Sainio, A., Koulu, M., Wight, T.N., and Penttinen, R. (2009). Extracellular 

matrix molecules: potential targets in pharmacotherapy. Pharmacol Rev 61, 198-223. 

Johnsen, J., and Lopez, J.A. (2008). VWF secretion: what's in a name? Blood 112, 926-927. 

Jonsson, R., Gordon, T.P., and Konttinen, Y.T. (2003). Recent advances in understanding 

molecular mechanisms in the pathogenesis and antibody profile of Sjogren's syndrome. Curr 

Rheumatol Rep 5, 311-316. 

Jung, D.W., Hecht, D., Ho, S.W., O'Connell, B.C., Kleinman, H.K., and Hoffman, M.P. 

(2000). PKC and ERK1/2 regulate amylase promoter activity during differentiation of a 

salivary gland cell line. J Cell Physiol 185, 215-225. 

Kähäri, V.M., and Ala-Aho, R. (2009). Stromal collagenase in melanoma: a vascular 

connection. J Invest Dermatol 129, 2545-2547. 

Kähäri, V.M., and Saarialho-Kere, U. (1997). Matrix metalloproteinases in skin. Exp 

Dermatol 6, 199-213. 



85

Kalluri, R. (2003). Basement membranes: structure, assembly and role in tumour 

angiogenesis. Nat Rev Cancer 3, 422-433. 

Kawabata, K., Hagio, T., and Matsuoka, S. (2002). The role of neutrophil elastase in acute 

lung injury. Eur J Pharmacol 451, 1-10. 

Kefalides, N.A. (1966). A collagen of unusual composition and a glycoprotein isolated from 

canine glomerular basement membrane. Biochem Biophys Res Commun 22, 26-32. 

Killedar, S.J., Eckenrode, S.E., McIndoe, R.A., She, J.X., Nguyen, C.Q., Peck, A.B., and 

Cha, S. (2006). Early pathogenic events associated with Sjogren's syndrome (SjS)-like 

disease of the NOD mouse using microarray analysis. Lab Invest 86, 1243-1260. 

Kishi, T., Takao, T., Fujita, K., and Taniguchi, H. (2006). Clonal proliferation of multipotent 

stem/progenitor cells in the neonatal and adult salivary glands. Biochem Biophys Res 

Commun 340, 544-552. 

Kiyofuji, M.A., Iyama, K., Kitaoka, M., Sado, Y., Ninomiya, Y., and Ueda, S. (2002). 

Quantitative analysis of type IV collagen alpha chains in the basement membrane of human 

urogenital epithelium. Histochem J 34, 479-486. 

Koch, A.E., Kunkel, S.L., Burrows, J.C., Evanoff, H.L., Haines, G.K., Pope, R.M., and 

Strieter, R.M. (1991). Synovial tissue macrophage as a source of the chemotactic cytokine 

IL-8. J Immunol 147, 2187-2195. 

Koch, A.E., Volin, M.V., Woods, J.M., Kunkel, S.L., Connors, M.A., Harlow, L.A., 

Woodruff, D.C., Burdick, M.D., and Strieter, R.M. (2001). Regulation of angiogenesis by the 

C-X-C chemokines interleukin-8 and epithelial neutrophil activating peptide 78 in the 

rheumatoid joint. Arthritis Rheum 44, 31-40. 

Konttinen, Y.T., Kangaspunta, P., Lindy, O., Takagi, M., Sorsa, T., Segerberg, M., 

Tschesche, H., and Eisen, A.Z. (1994). Collagenase in Sjogren's syndrome. Ann Rheum Dis

53, 836-839. 



86

Konttinen, Y.T., Li, T.F., Hukkanen, M., Ma, J., Xu, J.W., and Virtanen, I. (2000a). 

Fibroblast biology - Signals targeting the synovial fibroblast in arthritis. Arthritis Research 2,

348-355.

Konttinen, Y.T., Li, T.F., Mandelin, J., Liljestrom, M., Sorsa, T., Santavirta, S., and Virtanen, 

I. (2000b). Increased expression of extracellular matrix metalloproteinase inducer in 

rheumatoid synovium. Arthritis Rheum 43, 275-280. 

Konttinen, Y.T., Li, T.F., Xu, J.W., Tagaki, M., Pirila, L., Silvennoinen, T., Santavirta, S., 

and Virtanen, I. (1999). Expression of laminins and their integrin receptors in different 

conditions of synovial membrane and synovial membrane-like interface tissue. Ann Rheum 

Dis 58, 683-690. 

Konttinen, Y.T., Reitamo, S., Ranki, A., Hayry, P., Kankaanapaa, U., and Wegelius, O. 

(1981). Characterization of the immunocompetent cells of rheumatoid synovium from tissue 

sections and eluates. Arthritis Rheum 24, 71-79. 

Konttinen YT, Vivó A, Porola P, Koskenpato K, Lorés Rodriguez M, Pöllänen R, Stegaev V, 

Virkki L, Spaan M, Przybyla BD (in press). Sjögren’s syndrome In Neurobiology and 

hormonal control of lacrimal and salivary gland function, R. Fox, ed. (New York, USA, 

Humana Press). 

Kortesmaa, J., Doi, M., Patarroyo, M., and Tryggvason, K. (2002). Chondroitin sulphate 

modification in the alpha4 chain of human recombinant laminin-8 (alpha4beta1gamma1). 

Matrix Biol 21, 483-486. 

Kortesmaa, J., Yurchenco, P., and Tryggvason, K. (2000). Recombinant laminin-8 

(alpha(4)beta(1)gamma(1)). Production, purification,and interactions with integrins. J Biol 

Chem 275, 14853-14859. 

Kovacs, L., Paprika, D., Takacs, R., Kardos, A., Varkonyi, T.T., Lengyel, C., Kovacs, A., 

Rudas, L., and Pokorny, G. (2004). Cardiovascular autonomic dysfunction in primary 

Sjogren's syndrome. Rheumatology (Oxford) 43, 95-99. 



87

Kraan, M.C., Versendaal, H., Jonker, M., Bresnihan, B., Post, W.J., t Hart, B.A., Breedveld, 

F.C., and Tak, P.P. (1998). Asymptomatic synovitis precedes clinically manifest arthritis. 

Arthritis Rheum 41, 1481-1488. 

Kuhn, K. (1995). Basement membrane (type IV) collagen. Matrix Biol 14, 439-445. 

Laine, M., Porola, P., Udby, L., Kjeldsen, L., Cowland, J.B., Borregaard, N., Hietanen, J., 

Stahle, M., Pihakari, A., and Konttinen, Y.T. (2007). Low salivary dehydroepiandrosterone 

and androgen-regulated cysteine-rich secretory protein 3 levels in Sjogren's syndrome. 

Arthritis Rheum 56, 2575-2584. 

Laine, M., Virtanen,I., Salo. T, Konttinen. Y. T (2004). Segment-specific but pathologic 

laminin isoform profiles in human labial salivary glands of patients with Sjogren's syndrome. 

Arthritis Rheum 50, 3968-3973. 

Leandro, M.J., Cambridge, G., Ehrenstein, M.R., and Edwards, J.C. (2006). Reconstitution of 

peripheral blood B cells after depletion with rituximab in patients with rheumatoid arthritis. 

Arthritis Rheum 54, 613-620. 

Lee, W.L., and Downey, G.P. (2001). Leukocyte elastase: physiological functions and role in 

acute lung injury. Am J Respir Crit Care Med 164, 896-904. 

Leipe, J., Skapenko, A., Lipsky, P.E., and Schulze-Koops, H. (2005). Regulatory T cells in 

rheumatoid arthritis. Arthritis Res Ther 7, 93. 

Leslie, D., Lipsky, P., and Notkins, A.L. (2001). Autoantibodies as predictors of disease. J 

Clin Invest 108, 1417-1422. 

Ley, K., Laudanna, C., Cybulsky, M.I., and Nourshargh, S. (2007). Getting to the site of 

inflammation: the leukocyte adhesion cascade updated. Nat Rev Immunol 7, 678-689. 

Liotta, L.A., and Kohn, E.C. (2001). The microenvironment of the tumour-host interface. 

Nature 411, 375-379. 

Liou, T.G., and Campbell, E.J. (1995). Nonisotropic enzyme--inhibitor interactions: a novel 

nonoxidative mechanism for quantum proteolysis by human neutrophils. Biochemistry 34,

16171-16177.



88

Liu, Z., Shapiro, S.D., Zhou, X., Twining, S.S., Senior, R.M., Giudice, G.J., Fairley, J.A., and 

Diaz, L.A. (2000). A critical role for neutrophil elastase in experimental bullous pemphigoid. 

J Clin Invest 105, 113-123. 

Lohi, J., Korhonen, M., Leivo, I., Kangas, L., Tani, T., Kalluri, R., Miner, J.H., Lehto, V.P., 

and Virtanen, I. (1997). Expression of type IV collagen alpha1(IV)-alpha6(IV) polypeptides 

in normal and developing human kidney and in renal cell carcinomas and oncocytomas. Int J 

Cancer 72, 43-49. 

Low,  J.M.,  and  Moore,  T.L.  (2005).  A  role  for  the  complement  system  in  rheumatoid  

arthritis. Curr Pharm Des 11, 655-670. 

Ma, Y., and Pope, R.M. (2005). The role of macrophages in rheumatoid arthritis. Curr Pharm 

Des 11, 569-580. 

MacGregor, A.J., Snieder, H., Rigby, A.S., Koskenvuo, M., Kaprio, J., Aho, K., and Silman, 

A.J. (2000). Characterizing the quantitative genetic contribution to rheumatoid arthritis using 

data from twins. Arthritis Rheum 43, 30-37. 

Mainardi,  C.L.,  Dixit,  S.N.,  and  Kang,  A.H.  (1980).  Degradation  of  type  IV  (basement  

membrane) collagen by a proteinase isolated from human polymorphonuclear leukocyte 

granules. J Biol Chem 255, 5435-5441. 

Mandl, T., Wollmer, P., Manthorpe, R., and Jacobsson, L.T. (2007). Autonomic and 

orthostatic dysfunction in primary Sjogren's syndrome. J Rheumatol 34, 1869-1874. 

Manganelli, P., and Fietta, P. (2003). Apoptosis and Sjogren syndrome. Semin Arthritis 

Rheum 33, 49-65. 

Mannucci, P.M. (1998). von Willebrand factor: a marker of endothelial damage? Arterioscler 

Thromb Vasc Biol 18, 1359-1362. 

Manoussakis, M.N., Georgopoulou, C., Zintzaras, E., Spyropoulou, M., Stavropoulou, A., 

Skopouli, F.N., and Moutsopoulos, H.M. (2004). Sjogren's syndrome associated with 

systemic lupus erythematosus: clinical and laboratory profiles and comparison with primary 

Sjogren's syndrome. Arthritis Rheum 50, 882-891. 



89

Manthorpe, R., Oxholm, P., Prause, J.U., and Schiodt, M. (1986). The Copenhagen criteria 

for Sjogren's syndrome. Scand J Rheumatol Suppl 61, 19-21. 

Masson, V., de la Ballina, L.R., Munaut, C., Wielockx, B., Jost, M., Maillard, C., Blacher, S., 

Bajou,  K.,  Itoh,  T.,  Itohara,  S.,  et  al. (2005). Contribution of host MMP-2 and MMP-9 to 

promote tumor vascularization and invasion of malignant keratinocytes. FASEB J 19, 234-

236.

Merker, H.J. (1994). Morphology of the basement-membrane. Microscopy Research and 

Technique 28, 95-124. 

Miner, J.H. (2008). Laminins and their roles in mammals. Microsc Res Tech 71, 349-356. 

Miner, J.H., Cunningham, J., and Sanes, J.R. (1998). Roles for laminin in embryogenesis: 

exencephaly, syndactyly, and placentopathy in mice lacking the laminin alpha5 chain. J Cell 

Biol 143, 1713-1723. 

Miner, J.H., Lewis, R.M., and Sanes, J.R. (1995). Molecular cloning of a novel laminin 

chain, alpha 5, and widespread expression in adult mouse tissues. J Biol Chem 270, 28523-

28526.

Miner, J.H., and Patton, B.L. (1999). Laminin-11. Int J Biochem Cell Biol 31, 811-816. 

Miner, J.H., Patton, B.L., Lentz, S.I., Gilbert, D.J., Snider, W.D., Jenkins, N.A., Copeland, 

N.G., and Sanes, J.R. (1997). The laminin alpha chains: expression, developmental 

transitions, and chromosomal locations of alpha1-5, identification of heterotrimeric laminins 

8-11, and cloning of a novel alpha3 isoform. J Cell Biol 137, 685-701. 

Miner, J.H., and Sanes, J.R. (1994). Collagen IV alpha 3, alpha 4, and alpha 5 chains in 

rodent basal laminae: sequence, distribution, association with laminins, and developmental 

switches. J Cell Biol 127, 879-891. 

Misawa, M., Ohmori, S., and Yanaura, S. (1985). Effects of bromhexine on the secretions of 

saliva and tears. Jpn J Pharmacol 39, 241-250. 



90

Miyata, J., Tani, K., Sato, K., Otsuka, S., Urata, T., Lkhagvaa, B., Furukawa, C., Sano, N., 

and Sone, S. (2007). Cathepsin G: the significance in rheumatoid arthritis as a monocyte 

chemoattractant. Rheumatol Int 27, 375-382. 

Moraes, T.J., Chow, C.W., and Downey, G.P. (2003). Proteases and lung injury. Crit Care 

Med 31, S189-194. 

Moutsopoulos H. M, T.A. (1994). Sjögren's Syndrome. In Rheumatology, D.P. Klippel JH, 

ed. (London, Mosby-Year Book Europe Ltd), pp. 1-12. 

Myllyharju, J., and Kivirikko, K.I. (2004). Collagens, modifying enzymes and their mutations 

in humans, flies and worms. Trends Genet 20, 33-43. 

Nagase, H. (1997). Activation mechanisms of matrix metalloproteinases. Biol Chem 378,

151-160.

Nakamura. H, K.A., Yamasaki. S, Nakashima. T, Kamachi. M, Migita. K, Kawabe. Y, 

Nakamura. T, Koji. T, Hayashi. Y, Eguchi. K (2000). Expression and function of X 

chromosome-linked inhibitor of apoptosis protein in Sjogren's syndrome. Lab Invest 80,

1421-1427.

Nathan, C. (2002). Points of control in inflammation. Nature 420, 846-852. 

Niemela, R.K., Hakala, M., Huikuri, H.V., and Airaksinen, K.E. (2003). Comprehensive 

study of autonomic function in a population with primary Sjogren's syndrome. No evidence 

of autonomic involvement. J Rheumatol 30, 74-79. 

Ninomiya, Y., Kagawa, M., Iyama, K., Naito, I., Kishiro, Y., Seyer, J.M., Sugimoto, M., 

Oohashi, T., and Sado, Y. (1995). Differential expression of two basement membrane 

collagen genes, COL4A6 and COL4A5, demonstrated by immunofluorescence staining using 

peptide-specific monoclonal antibodies. J Cell Biol 130, 1219-1229. 

Nykanen, P., Bergroth, V., Raunio, P., Nordstrom, D., and Konttinen, Y.T. (1986). 

Phenotypic characterization of 3H-thymidine incorporating cells in rheumatoid arthritis 

synovial membrane. Rheumatol Int 6, 269-271. 



91

Okada, Y., Morodomi, T., Enghild, J.J., Suzuki, K., Yasui, A., Nakanishi, I., Salvesen, G., 

and Nagase, H. (1990). Matrix metalloproteinase 2 from human rheumatoid synovial 

fibroblasts. Purification and activation of the precursor and enzymic properties. Eur J 

Biochem 194, 721-730. 

Ospelt, C., Neidhart, M., Gay, R.E., and Gay, S. (2004). Synovial activation in rheumatoid 

arthritis. Front Biosci 9, 2323-2334. 

Ossanna, P.J., Test, S.T., Matheson, N.R., Regiani, S., and Weiss, S.J. (1986). Oxidative 

regulation of neutrophil elastase-alpha-1-proteinase inhibitor interactions. J Clin Invest 77,

1939-1951.

Overall, C.M., and Kleifeld, O. (2006). Tumour microenvironment - opinion: validating 

matrix metalloproteinases as drug targets and anti-targets for cancer therapy. Nat Rev Cancer

6, 227-239. 

Owen, C.A., and Campbell, E.J. (1995). Neutrophil proteinases and matrix degradation. The 

cell biology of pericellular proteolysis. Semin Cell Biol 6, 367-376. 

Padyukov, L., Silva, C., Stolt, P., Alfredsson, L., and Klareskog, L. (2004). A gene-

environment interaction between smoking and shared epitope genes in HLA-DR provides a 

high risk of seropositive rheumatoid arthritis. Arthritis Rheum 50, 3085-3092. 

Page-McCaw, A., Ewald, A.J., and Werb, Z. (2007). Matrix metalloproteinases and the 

regulation of tissue remodelling. Nat Rev Mol Cell Biol 8, 221-233. 

Paleolog, E.M. (2002). Angiogenesis in rheumatoid arthritis. Arthritis Res 4 Suppl 3, S81-90. 

Patarroyo, M., Tryggvason, K., and Virtanen, I. (2002). Laminin isoforms in tumor invasion, 

angiogenesis and metastasis. Semin Cancer Biol 12, 197-207. 

Paulsson, M. (1992). Basement membrane proteins: structure, assembly, and cellular 

interactions. Crit Rev Biochem Mol Biol 27, 93-127. 

Pedraza, C., Geberhiwot, T., Ingerpuu, S., Assefa, D., Wondimu, Z., Kortesmaa, J., 

Tryggvason, K., Virtanen, I., and Patarroyo, M. (2000). Monocytic cells synthesize, adhere 

to, and migrate on laminin-8 (alpha 4 beta 1 gamma 1). J Immunol 165, 5831-5838. 



92

Petrone, D., Condemi, J.J., Fife, R., Gluck, O., Cohen, S., and Dalgin, P. (2002). A double-

blind, randomized, placebo-controlled study of cevimeline in Sjogren's syndrome patients 

with xerostomia and keratoconjunctivitis sicca. Arthritis Rheum 46, 748-754. 

Pham, C.T. (2006). Neutrophil serine proteases: specific regulators of inflammation. Nat Rev 

Immunol 6, 541-550. 

Pillemer, S.R., Matteson, E.L., Jacobsson, L.T., Martens, P.B., Melton, L.J., 3rd, O'Fallon, 

W.M., and Fox, P.C. (2001). Incidence of physician-diagnosed primary Sjogren syndrome in 

residents of Olmsted County, Minnesota. Mayo Clin Proc 76, 593-599. 

Pipoly, D.J., and Crouch, E.C. (1987). Degradation of native type IV procollagen by human 

neutrophil elastase. Implications for leukocyte-mediated degradation of basement 

membranes. Biochemistry 26, 5748-5754. 

Pollock,  L.E.,  Lalor,  P.,  and  Revell,  P.A.  (1990).  Type  IV  collagen  and  laminin  in  the  

synovial intimal layer: an immunohistochemical study. Rheumatol Int 9, 277-280. 

Porola, P., Virkki, L., Przybyla, B.D., Laine, M., Patterson, T.A., Pihakari, A., and Konttinen, 

Y.T. (2008). Androgen deficiency and defective intracrine processing of 

dehydroepiandrosterone in salivary glands in Sjogren's syndrome. J Rheumatol 35, 2229-

2235.

Qu, Z., Garcia, C.H., O'Rourke, L.M., Planck, S.R., Kohli, M., and Rosenbaum, J.T. (1994). 

Local proliferation of fibroblast-like synoviocytes contributes to synovial hyperplasia. 

Results of proliferating cell nuclear antigen/cyclin, c-myc, and nucleolar organizer region 

staining. Arthritis Rheum 37, 212-220. 

Ramos-Casals, M., Brito-Zeron, P., and Font, J. (2007). The overlap of Sjogren's syndrome 

with other systemic autoimmune diseases. Semin Arthritis Rheum 36, 246-255. 

Revell, P.A., al-Saffar, N., Fish, S., and Osei, D. (1995). Extracellular matrix of the synovial 

intimal cell layer. Ann Rheum Dis 54, 404-407. 



93

Richards, A., Al-Imara, L., and Pope, F.M. (1996). The complete cDNA sequence of laminin 

alpha 4 and its relationship to the other human laminin alpha chains. Eur J Biochem 238, 813-

821.

Richards, A.J., Al-Imara, L., Carter, N.P., Lloyd, J.C., Leversha, M.A., and Pope, F.M. 

(1994). Localization of the gene (LAMA4) to chromosome 6q21 and isolation of a partial 

cDNA encoding a variant laminin A chain. Genomics 22, 237-239. 

Rinaldi, N., Willhauck, M., Weis, D., Brado, B., Kern, P., Lukoschek, M., Schwarz-Eywill, 

M.,  and  Barth,  T.F.  (2001).  Loss  of  collagen  type  IV  in  rheumatoid  synovia  and  cytokine  

effect on the collagen type-IV gene expression in fibroblast-like synoviocytes from 

rheumatoid arthritis. Virchows Arch 439, 675-682. 

Roccaro, A.M., Russo, F., Cirulli, T., Di Pietro, G., Vacca, A., and Dammacco, F. (2005). 

Antiangiogenesis for rheumatoid arthritis. Curr Drug Targets Inflamm Allergy 4, 27-30. 

Royce, L.S., Kibbey, M.C., Mertz, P., Kleinman, H.K., and Baum, B.J. (1993). Human 

neoplastic submandibular intercalated duct cells express an acinar phenotype when cultured 

on a basement membrane matrix. Differentiation 52, 247-255. 

Ruggeri, Z.M. (1999). Structure and function of von Willebrand factor. Thromb Haemost 82,

576-584.

Ryu, O.H., Atkinson, J.C., Hoehn, G.T., Illei, G.G., and Hart, T.C. (2006). Identification of 

parotid salivary biomarkers in Sjogren's syndrome by surface-enhanced laser 

desorption/ionization time-of-flight mass spectrometry and two-dimensional difference gel 

electrophoresis. Rheumatology (Oxford) 45, 1077-1086. 

Salvesen, G., and Enghild, J.J. (1991). Zymogen activation specificity and genomic structures 

of human neutrophil elastase and cathepsin G reveal a new branch of the chymotrypsinogen 

superfamily of serine proteinases. Biomed Biochim Acta 50, 665-671. 

Samuels, J., Ng, Y.S., Coupillaud, C., Paget, D., and Meffre, E. (2005). Impaired early B cell 

tolerance in patients with rheumatoid arthritis. J Exp Med 201, 1659-1667. 



94

Santiago-Raber, M.L., Baccala, R., Haraldsson, K.M., Choubey, D., Stewart, T.A., Kono, 

D.H., and Theofilopoulos, A.N. (2003). Type-I interferon receptor deficiency reduces lupus-

like disease in NZB mice. J Exp Med 197, 777-788. 

Sasaki, T., Mann, K., and Timpl, R. (2001). Modification of the laminin alpha 4 chain by 

chondroitin sulfate attachment to its N-terminal domain. FEBS Lett 505, 173-178. 

Sawalha, A.H., Potts, R., Schmid, W.R., Scofield, R.H., and Harley, J.B. (2003). The genetics 

of primary Sjogren's syndrome. Curr Rheumatol Rep 5, 324-332. 

Schena, F.P., and Gesualdo, L. (2005). Pathogenetic mechanisms of diabetic nephropathy. J 

Am Soc Nephrol 16 Suppl 1, S30-33. 

Schneider, M., Voss, B., Rauterberg, J., Menke, M., Pauly, T., Miehlke, R.K., Friemann, J., 

and Gerlach, U. (1994). Basement membrane proteins in synovial membrane: distribution in 

rheumatoid arthritis and synthesis by fibroblast-like cells. Clin Rheumatol 13, 90-97. 

Schrijver, G., Schalkwijk, J., Robben, J.C., Assmann, K.J., and Koene, R.A. (1989). 

Antiglomerular basement membrane nephritis in beige mice. Deficiency of leukocytic neutral 

proteinases prevents the induction of albuminuria in the heterologous phase. J Exp Med 169,

1435-1448.

Schumacher, H.R., Jr. (1975). Ultrastructure of the synovial membrane. Ann Clin Lab Sci 5,

489-498.

Seemayer, C.A., Kuchen, S., Neidhart, M., Kuenzler, P., Rihoskova, V., Neumann, E., 

Pruschy, M., Aicher, W.K., Muller-Ladner, U., Gay, R.E.,  et  al. (2003). p53 in rheumatoid 

arthritis synovial fibroblasts at sites of invasion. Ann Rheum Dis 62, 1139-1144. 

Seitz,  M.,  Dewald,  B.,  Gerber,  N.,  and  Baggiolini,  M.  (1991).  Enhanced  production  of  

neutrophil-activating peptide-1/interleukin-8 in rheumatoid arthritis. J Clin Invest 87, 463-

469.

Seki, T., Naito, I., Oohashi, T., Sado, Y., and Ninomiya, Y. (1998). Differential expression of 

type IV collagen isoforms, alpha5(IV) and alpha6(IV) chains, in basement membranes 

surrounding smooth muscle cells. Histochem Cell Biol 110, 359-366. 



95

Shah, S.V. (1989).  Role of reactive oxygen metabolites in experimental glomerular disease.  

Kidney Int 35, 1093-1106. 

Shirasuna, K., Sato, M., and Miyazaki, T. (1981). A neoplastic epithelial duct cell line 

established from an irradiated human salivary gland. Cancer 48, 745-752. 

Sixt, M., Hallmann, R., Wendler, O., Scharffetter-Kochanek, K., and Sorokin, L.M. (2001). 

Cell adhesion and migration properties of beta 2-integrin negative polymorphonuclear 

granulocytes on defined extracellular matrix molecules. Relevance for leukocyte 

extravasation. J Biol Chem 276, 18878-18887. 

Sjögren, H. (1933). Zur Kenntnis dur keratoconjunctivitis sicca (keratitis filiformis bei 

hypofunktion der Tranendrüsen). . Acta Ophthalmol Suppl 2, 1–151. 

Skapenko, A., Leipe, J., Lipsky, P.E., and Schulze-Koops, H. (2005). The role of the T cell in 

autoimmune inflammation. Arthritis Res Ther 7 Suppl 2, S4-14. 

Smith, M.D., Barg, E., Weedon, H., Papengelis, V., Smeets, T., Tak, P.P., Kraan, M., 

Coleman, M., and Ahern, M.J. (2003). Microarchitecture and protective mechanisms in 

synovial tissue from clinically and arthroscopically normal knee joints. Ann Rheum Dis 62,

303-307.

Sorokin, L.M., Pausch, F., Durbeej, M., and Ekblom, P. (1997a). Differential expression of 

five laminin alpha (1-5) chains in developing and adult mouse kidney. Dev Dyn 210, 446-

462.

Sorokin, L.M., Pausch, F., Frieser, M., Kroger, S., Ohage, E., and Deutzmann, R. (1997b). 

Developmental regulation of the laminin alpha5 chain suggests a role in epithelial and 

endothelial cell maturation. Dev Biol 189, 285-300. 

Spaan, M., Porola, P., Laine, M., Rozman, B., Azuma, M., and Konttinen, Y.T. (2009). 

Healthy human salivary glands contain a DHEA-sulphate processing intracrine machinery, 

which is deranged in primary Sjogren's syndrome. J Cell Mol Med 13, 1261-1270. 

Stebulis, J.A., Rossetti, R.G., Atez, F.J., and Zurier, R.B. (2005). Fibroblast-like synovial 

cells derived from synovial fluid. J Rheumatol 32, 301-306. 



96

Stevens, C.R., Mapp, P.I., and Revell, P.A. (1990). A monoclonal antibody (Mab 67) marks 

type B synoviocytes. Rheumatol Int 10, 103-106. 

Strand, V., Kimberly, R., and Isaacs, J.D. (2007). Biologic therapies in rheumatology: lessons 

learned, future directions. Nat Rev Drug Discov 6, 75-92. 

Taggart, C.C., Greene, C.M., Carroll, T.P., O'Neill, S.J., and McElvaney, N.G. (2005). 

Elastolytic proteases: inflammation resolution and dysregulation in chronic infective lung 

disease. Am J Respir Crit Care Med 171, 1070-1076. 

Takeda, K., Kaisho, T., and Akira, S. (2003). Toll-like receptors. Annu Rev Immunol 21,

335-376.

Tamai, K., Kaneda, Y., and Uitto, J. (2009). Molecular therapies for heritable blistering 

diseases. Trends Mol Med 15, 285-292. 

Tamamura, R., Nagatsuka, H., Siar, C.H., Katase, N., Naito, I., Sado, Y., and Nagai, N. 

(2006). Differential expression of basement membrane collagen-IV alpha1 to alpha6 chains 

during oral carcinogenesis. Virchows Arch 449, 358-366. 

Tanjore, H., and Kalluri, R. (2006). The role of type IV collagen and basement membranes in 

cancer progression and metastasis. Am J Pathol 168, 715-717. 

Tapinos, N.I., Polihronis, M., Tzioufas, A.G., and Moutsopoulos, H.M. (1999). Sjogren's 

syndrome. Autoimmune epithelitis. Adv Exp Med Biol 455, 127-134. 

Tarrant, T.K., and Patel, D.D. (2006). Chemokines and leukocyte trafficking in rheumatoid 

arthritis. Pathophysiology 13, 1-14. 

Thanou-Stavraki, A., and James, J.A. (2008). Primary Sjogren's syndrome: current and 

prospective therapies. Semin Arthritis Rheum 37, 273-292. 

Tryggvason, K. (1996). Mutations in type IV collagen genes and Alport phenotypes. Contrib 

Nephrol 117, 154-171. 

Tryggvason, K., Zhou, J., Hostikka, S.L., and Shows, T.B. (1993). Molecular genetics of 

Alport syndrome. Kidney Int 43, 38-44. 



97

Tsilibary, E.C. (2003). Microvascular basement membranes in diabetes mellitus. J Pathol

200, 537-546. 

Tumiati, B., Perazzoli, F., Negro, A., Pantaleoni, M., and Regolisti, G. (2000). Heart rate 

variability in patients with Sjogren's syndrome. Clin Rheumatol 19, 477-480. 

Ugai, K., Ishikawa, H., Hirohata, K., and Shirane, H. (1983). Interaction of 

polymorphonuclear leukocytes with immune complexes trapped in rheumatoid articular 

cartilage. Arthritis Rheum 26, 1434-1441. 

Vag, J., Byrne, E.M., Hughes, D.H., Hoffman, M., Ambudkar, I., Maguire, P., and O'Connell, 

B.C. (2007). Morphological and functional differentiation of HSG cells: role of extracellular 

matrix and trpc 1. J Cell Physiol 212, 416-423. 

Vergunst, C.E., van de Sande, M.G., Lebre, M.C., and Tak, P.P. (2005). The role of 

chemokines in rheumatoid arthritis and osteoarthritis. Scand J Rheumatol 34, 415-425. 

Virca, G.D., Metz, G., and Schnebli, H.P. (1984). Similarities between human and rat 

leukocyte elastase and cathepsin G. Eur J Biochem 144, 1-9. 

Vissers, M.C., Winterbourn, C.C., and Hunt, J.S. (1984). Degradation of glomerular 

basement membrane by human neutrophils in vitro. Biochim Biophys Acta 804, 154-160. 

Vitali, C., Bombardieri, S., Jonsson, R., Moutsopoulos, H.M., Alexander, E.L., Carsons, S.E., 

Daniels, T.E., Fox, P.C., Fox, R.I., Kassan, S.S., et al. (2002). Classification criteria for 

Sjogren's syndrome: a revised version of the European criteria proposed by the American-

European Consensus Group. Ann Rheum Dis 61, 554-558. 

Vitali, C., Bombardieri, S., Moutsopoulos, H.M., Balestrieri, G., Bencivelli, W., Bernstein, 

R.M., Bjerrum, K.B., Braga, S., Coll, J., de Vita, S., et al. (1993). Preliminary criteria for the 

classification of Sjogren's syndrome. Results of a prospective concerted action supported by 

the European Community. Arthritis Rheum 36, 340-347. 

Vitali, C., Bombardieri, S., Moutsopoulos, H.M., Coll, J., Gerli, R., Hatron, P.Y., Kater, L., 

Konttinen, Y.T., Manthorpe, R., Meyer, O.,  et  al. (1996). Assessment of the European 

classification criteria for Sjogren's syndrome in a series of clinically defined cases: results of 



98

a prospective multicentre study. The European Study Group on Diagnostic Criteria for 

Sjogren's Syndrome. Ann Rheum Dis 55, 116-121. 

Vivino, F.B., Al-Hashimi, I., Khan, Z., LeVeque, F.G., Salisbury, P.L., 3rd, Tran-Johnson, 

T.K., Muscoplat, C.C., Trivedi, M., Goldlust, B., and Gallagher, S.C. (1999). Pilocarpine 

tablets for the treatment of dry mouth and dry eye symptoms in patients with Sjogren 

syndrome: a randomized, placebo-controlled, fixed-dose, multicenter trial. P92-01 Study 

Group. Arch Intern Med 159, 174-181. 

Vlachoyiannopoulos, P.G. (1998). Therapy of Sjogren's syndrome. New aspects and future 

directions. Ann Med Interne (Paris) 149, 49-53. 

Vugman, I., and Hand, A.R. (1995). Quantitative immunocytochemical study of secretory 

protein expression in parotid glands of rats chronically treated with isoproterenol. Microsc 

Res Tech 31, 106-117. 

Wang, J., Li, C., Liu, Y., Mei, W., Yu, S., Liu, C., Zhang, L., Cao, X., Kimberly, R.P., 

Grizzle, W., et al. (2006a). JAB1 determines the response of rheumatoid arthritis synovial 

fibroblasts to tumor necrosis factor-alpha. Am J Pathol 169, 889-902. 

Wang, S., Voisin, M.B., Larbi, K.Y., Dangerfield, J., Scheiermann, C., Tran, M., Maxwell, 

P.H., Sorokin, L., and Nourshargh, S. (2006b). Venular basement membranes contain specific 

matrix protein low expression regions that act as exit points for emigrating neutrophils. J Exp 

Med 203, 1519-1532. 

Waterman, S.A., Gordon, T.P., and Rischmueller, M. (2000). Inhibitory effects of muscarinic 

receptor autoantibodies on parasympathetic neurotransmission in Sjogren's syndrome. 

Arthritis Rheum 43, 1647-1654. 

Weiss, S.J. (1989). Tissue destruction by neutrophils. N Engl J Med 320, 365-376. 

Wiedow, O., and Meyer-Hoffert, U. (2005). Neutrophil serine proteases: potential key 

regulators of cell signalling during inflammation. J Intern Med 257, 319-328. 

Willis, H.E., Browder, B., Feister, A.J., Mohanakumar, T., and Ruddy, S. (1988). 

Monoclonal antibody to human IgG Fc receptors. Cross-linking of receptors induces 



99

lysosomal enzyme release and superoxide generation by neutrophils. J Immunol 140, 234-

239.

Yunus, M. (1981). Huge knee effusion: a record? Arthritis Rheum 24, 109-110. 

Zeisberg, M., Khurana, M., Rao, V.H., Cosgrove, D., Rougier, J.P., Werner, M.C., Shield, 

C.F., 3rd, Werb, Z., and Kalluri, R. (2006). Stage-specific action of matrix metalloproteinases 

influences progressive hereditary kidney disease. PLoS Med 3, e100. 

Zheng, C., Hoffman, M.P., McMillan, T., Kleinman, H.K., and O'Connell, B.C. (1998). 

Growth factor regulation of the amylase promoter in a differentiating salivary acinar cell line. 

J Cell Physiol 177, 628-635. 

Zhu, P., Lu, N., Shi, Z.G., Zhou, J., Wu, Z.B., Yang, Y., Ding, J., and Chen, Z.N. (2006). 

CD147 overexpression on synoviocytes in rheumatoid arthritis enhances matrix 

metalloproteinase production and invasiveness of synoviocytes. Arthritis Res Ther 8, R44. 

Zvaifler, N.J. (1974). Rheumatoid synovitis. An extravascular immune complex disease. 

Arthritis Rheum 17, 297-305. 




