
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Modulation of fibroblast activity by collagens

Kerkvliet, E.H.M.

Publication date
1999

Link to publication

Citation for published version (APA):
Kerkvliet, E. H. M. (1999). Modulation of fibroblast activity by collagens. [, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 May 2023

https://dare.uva.nl/personal/pure/en/publications/modulation-of-fibroblast-activity-by-collagens(03bae375-b085-41b4-a1fc-af19d06c8fb7).html


General discussion 

Soft connective tissues are of essential importance for maintaining the integrity of the animal 

body. They help to establish the three dimensional architecture and provide support and 

strength. A precise and balanced regulation of the metabolic activities in these tissues is a 

prerequisite for proper functioning of the organs. In the present thesis it is demonstrated that 

constituents of the extracellular matrix (ECM) play an essential role in modulating the 

activity of cells that are responsible for soft connective tissue metabolism, the fibroblasts. 

Focus was given to one of the major enzyme classes involved in connective tissue 

metabolism, the matrix metalloproteinases (MMPs). 

Role of ECM in modulating fibroblast activities 

During the last two decades it has been well established that a variety of cytokines and 

growth factors have profound effects on fibroblast activity'" . More recently it became 

apparent that also certain components of the ECM can modulate cellular functioning. In 

particular collagens and certain glycoproteins appear to have this capacity. In the presence of 

these proteins expression of a variety of proteolytic enzymes, e.g. MMPs and serine 

proteinases, is up-regulated7"9. Several studies indicate that the expression of both MMP-1 

and MMP-2 enhances by a collagenous gel (containing type I collagen) " . The data 

presented in this thesis provide additional evidence for this view. We now demonstrate that 

three of the major collagens (type I, III and V) are involved in the regulation of MMP activity 

of fibroblasts. We show that the production, secretion and activation of interstitial 

collagenase (MMP-1), gelatinase A (MMP-2) and stromelysin (MMP-3) greatly depend on 

the amount and type of collagen available to the cells. High levels of these enzymes are 

produced by fibroblasts that are in contact with a relatively high amount of collagens type I, 

III or V (Chapters 4 and 5). However, when the cells are cultured in the presence of low 

concentrations of these collagens, MMP-1 (but not MMP-2) is down-regulated. Have these 

findings any relevance to the in vivo situation? We do know that under normal conditions 

virtually no MMP-1 is detectable in soft connective tissues. MMP-2 on the other hand is 

abundantly present14 (Chapter 2). Since normally most of the collagen is surrounded by non-

collagenous proteins, an extensive interaction of the cells with collagen is unlikely to occur. 

We therefore hypothesise that cells that are embedded in an intact tissue environment, 

express a relatively low level of MMP-1. Under these conditions the expression of MMP-2 is 
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up-regulated (Chapter 4). The latter enzyme is considered to play a pivotal role in the 

digestion of collagen during normal turnover and remodelling " (Chapter 2). So, we 

propose that modulation of MMP-2 expression is accomplished by the collagens of the tissue 

and that, in contrast to MMP-1, cytokines and/or growth factors are less essential for this 

process (Chapter 3). 

If, however, under certain catabolic conditions (e.g. inflammation) the non-

collagenous matrix associated with the collagen fibrils is dissolved and the collagen comes 

into contact with the cells, MMP-1 tends to be overexpressed. In addition to the collagen-

induced enhanced expression of MMP-1 also cytokines like IL-1 may stimulate the cells to 

produce even higher levels of this enzyme1'3"5. This could then result in a rapid and very 

efficient digestion of the collagen mass in the extracellular matrix. 

Modulation of cellular activity does not only depend on the amount of collagen in 

contact with the cells, but also on the type of collagen. We showed that different types of 

collagen (I, III and V) differently affect fibroblast activity (Chapters 4-6). Although each of 

them influenced the expression of the different MMPs, type V collagen had less pronounced 

effects than type I and III collagen. This relatively mild effect was not only apparent with 

respect to the release of MMPs but also on DNA synthesis by the fibroblasts (Chapter 6). It 

was even found that higher amounts of this type of collagen inhibited thymidine uptake. Also 

attachment of the cells and MMP expression was differently modulated by the three collagens 

when added to the cells in a soluble form. Although all tested collagens that were coated to 

the plates similarly induced spreading and attachment, only type V induced this in a soluble 

form (Chapter 4). Moreover, under these conditions collagen type I and type III did not affect 

expression of MMP-1, whereas dissolved type V collagen strongly decreased the level of this 

enzyme. In contrast herewith was the expression of MMP-2, that proved to be independent of 

the form in which collagen was applied (Chapter 4). So it appears that both the composition 

of the ECM and the accessibility to the cells are important in modulating fibroblast activities. 

Although the fibrillar collagen types I and HI are abundantly present in soft 

connective tissues, they are normally tightly associated with non-collagenous substances such 

as proteoglycans and glycoproteins. Several data indicate that prior to the digestion of the 

collagenous matrix the non-collagenous proteins have to be broken and removed. This has 

been convincingly demonstrated for cartilage17 and recently for bone18. Although for soft 

connective tissues such data are not available, it is likely that a similar sequence takes place. 

Following removal of these substances the collagen will become exposed. A direct 

interaction with the cells then lead to changes in their activity. What about type V collagen; is 
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this collagen also associated with non-collagenous components? Although little is known 

about this, immunolocalization studies suggest that type V collagen is in close spatial 

relationship with fibroblasts19'20. If this is indeed the case it may be postulated that type V 

collagen is good candidate molecule as a regulator of fibroblast activities within the tissue. 

Integrins, protein kinases and tyrosine kinases are involved in the collagen-induced 

effects on fibroblast activity 

The modulation of fibroblast activity by collagens is probably via interaction with membrane-

bound receptors, e.g. the integrins"1". Since these molecules are substrate specific, the 

differences found between the three collagen types are likely due to interaction with different 

integrins. It has been demonstrated that, unlike collagen type I , type V collagen has an Arg-

Gly-Asp (RGD) sequence which is recognised by the integrins a5ßi, anbß3 and the subunit 

ocv
24. The integrins recognising type I (cxißi, a2ßi and a.ißi) differ from those binding to type 

V25. Our data suggest the involvement of RGD-sequences and, more in particular, the ßi-

integrin subunit in the modulation of MMP-1 expression (Chapter 4). Blocking RGD-

recognising membrane receptors by echistatin or the ßrsubunit with anti-ßi antibody 

prevented collagen-induced down-regulation of MMP-1. Also in a three-dimensional gel of 

type I collagen the ßi-integrin family was shown to participate in MMP-1 expression26'27. 

Thus both up- and down-regulation of MMP-1 by collagen are mediated via the ßi-integrin 

subunit. In contrast, expression of MMP-2 does not appear to be mediated via this integrin 

subunit or an RGD-sequence (Chapter 4). The precise mechanisms involved in the interaction 

of the cell with collagen which results in a changed expression of this enzyme has still to be 

determined. 

Not only integrin-collagen interactions but also attachment as such to collagen seems 

to influence the production of MMPs. Cells not attached to collagen express higher levels of 

MMP-1 than those that are attached. Expression of MMP-2. on the other hand, was not 

affected by attachment. These observations, too, indicate that considerable differences exist 

between the modulation of MMP-2 expression and that of MMP-1. Taken together our 

findings support the view that for these enzymes different signal transduction pathways are 

involved28. 

Several studies suggest that modulation of the two enzymes is mediated by tyrosine 

kinases and protein kinases1'29"3'. With respect to MMP-2, our observations indicate that also 
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for cells cultured on collagen, intracellular signalling involves the activity protein kinase A, 

protein kinase C and tyrosine kinases. The collagen-induced modulation of MMP-1, however, 

proved to depend on the activity of tyrosine kinases. Protein kinases A and C did not 

participate in this process. In conclusion, we propose that MMP-1 modulation by collagen 

(type I, III and V) is mediated by ßi-containing integrins and that the subsequent intracellular 

signal cascade is tyrosine kinase dependent. The membrane-bound receptor involved in the 

collagen-induced up-regulation of MMP-2 has still to be elucidated. Intracellularly the 

activity of protein and tyrosine kinases is essential. 

Different roles of MMPs in remodelling require different routes of modulation 

Recent data indicate that during normal remodelling and turnover, degradation of collagen 

primarily depends on the activity of MMP-214'15; MMP-1 appears to be less important in this 

situation. The data presented in this thesis provide further support for this view and indicate 

for the first time the modulating role of different types of collagen in the expression of these 

important MMPs. We propose that under steady state conditions minute amounts of collagen 

are freely accessible to the cell. This results in the production of a relatively low level of 

MMP-2. Concomitantly MMP-1 is down-regulated. The level of MMP-2 would then be 

sufficient for the initial degradation of collagen during tissue remodelling and turnover. Final 

digestion would be accomplished via the intracellular pathway32, a route depending on MMP-

activity, probably MMP-214. Tissues characterised by a rapid turnover, such as periodontal 

ligament, express relatively high levels of MMP-2, whereas in skin a low level of MMP-2 

coincides with a much slower turnover14. These observations indicate tissue-specific 

modulation of the level of MMP-2. We tentatively propose that for this modulation collagen 

is essential. In particular type V collagen is an attractive candidate due to its close spatial 

relationship with fibroblasts. 
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