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Abstract 

The objective of this study was to evaluate whether the interaction of fibroblasts with the 

extracellular matrix components, collagen types I, III and V, modulate DNA synthesis of these 

cells. Fibroblasts were obtained from rabbit periosteum, gingiva and periodontal ligament and 

cultured (in the absence of serum) for 48 h on culture plates coated or not with one of the three 

collagen types. DNA synthesis was evaluated by [3H]-thymidine incorporation. The data showed 

that the collagen types I and III dose-dependently stimulated incorporation of the radioactive 

label. A maximal incorporation (approximately 8-fold) was found at a concentration of ± 0.5 

ug/well/7.5 x 103cells. Relatively low concentrations of type V collagen (up to ± 3.5 ug/well) 

had a similar stimulatory effect. Higher concentrations of this type of collagen, however, proved 

to inhibit incorporation. The three different fibroblast populations responded in a comparable 

way to the different collagens. Collagen-induced DNA synthesis appeared to depend on the 

activity of protein and tyrosine kinases as shown by inhibitors of these enzymes, staurosporine 

and herbimycin A, respectively. More selective inhibitors of protein kinases A and C (protein 

kinase A inhibitor [6-22] amide and bisindolylmaleimide IV, respectively) had no effect on 

thymidine uptake. 

Introduction 

Fibroblasts in their normal tissue environment express a relatively low level of proliferation. 

However, under conditions of wound healing and also when isolated cells are maintained in 

vitro they tend to multiply rapidly. One of the factors that may play a role in cellular dynamics is 

the structure and composition of the extracellular matrix (e.g. collagens) in which they are 

embedded. Indeed some data indicate that collagens, among which type I, IV and VI, may 

enhance the proliferative rate of fibroblasts'. This was only found when the cells were cultured 

on immobilised collagens. Fibroblasts kept in a 3-dimensional collagen gel were inhibited in 

their proliferation2,3. Recently we established that the collagen types I, III and V play an 

important role in modulating fibroblast activity, they proved to up- or down regulate several 

matrix metalloproteinases4'3. Interestingly the effect of type V collagen was less pronounced 

than that of types I and III collagen. 

As far as we are aware little is understood how fibroblasts respond to different collagens 

in terms of proliferation. In the present study we investigated this. Fibroblasts obtained from 

several soft connective tissues (periodontal ligament, gingiva and periosteum) were cultured in 
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wells coated with various concentrations of collagen types I, III and V and DNA synthesis was 

evaluated by [H]-thymidine incorporation. In addition, by using selective inhibitors of various 

kinases, participation of these enzymes was studied. 

Materials and methods 

Materials 

Iscove's modified Dulbecco's medium (IMDM), fetal calf serum (FCS), Hanks' Balanced salt 

solution (HBSS), trypsin, penicillin, streptomycin, amphotericin were purchased from Gibco 

(Gibco Lab., Grand Island, NY). Purified human placenta type V collagen and bovine serum 

albumin (BSA, fraction V) were from Sigma (Sigma Chemical Co., St. Louis, MO). Culture 

flasks and multi-well culture dishes were from Costar (Costar, Cambridge, MA). Purified colla

gen type I and type III, isolated from human leiomyoma, were generously provided by Mr. P. 

Teeling (Dept. of Pathology, Academic Medical Center, Amsterdam). [6-3H]-thymidine 

(specific activity 16.5 Q/mM) was from New England Nuclear (Boston, MA). Betaplate Scint 

fluid® was obtained from Wallac (Turku, Finland). Staurosporine, protein kinase A inhibitor [6-

22] amide, bisindolylmaleimide IV and herbimycin A were from Calbiochem (Calbiochem-

Novabiochem Corp., La Jolla, CA). All other reagents were of analytical grade. 

Cell isolation and culture 

One-week-old Chinchilla rabbits were killed with Euthesate and decapitated. Free and attached 

gingiva was removed from the mandibular molars. Mandibular molars were carefully dissected, 

pulp and crown were removed and the roots were cut into smaller pieces. Periosteum was 

removed from the calvaria and cut into smaller pieces. All tissue expiants were washed in 

IMDM supplemented with 10% FCS and 10 x antibiotics (amphotericin [25 mg/ml], streptomy

cin [100 mg/ml] and penicillin [100 U/ml]) and subsequently placed in 6-well culture plates and 

incubated in growth medium (IMDM supplemented with 10% FCS and 1 x antibiotics) in a 

humidified atmosphere containing 5% C0 2 in air at 37°C. The culture medium was changed 

twice a week until the cells, grown out the tissue expiants, were confluent. The cells were then 

trypsinised with 0.1% ethylenediaminetetraacetic acid (EDTA) and 0.25% trypsin (pH 7.3), 

transferred to 25 cm" culture flasks and designated as 'passage one' (PI). The cells of PI and 

subsequent passages showed typical fibroblastic characteristics with trapezoid morphology 

when cultured confluent. For all experiments, cultures between P3 and P8 were used. 
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Coating of the culture plates 

In a preliminary set of experiments the isolated native type I, III and V collagens were 

characterised as highly purified collagens by SDS Polyacrylamide gel electrophoresis. The 

collagens were dissolved in 0.01 M acetic acid in a concentration of 1 mg/ml and, before use, 

further diluted in 0.01 M acetic acid in concentrations ranging from 0.2 - 125 (ig/ml. 96 well 

culture plates were coated by incubating the wells with 125 u.1 diluted collagen or with 125 (il 

0.01 M acetic acid as control. The culture plates were air-dried in a laminar flow cabinet at am

bient temperature and subsequently sterilised by UV light for 20 min. The wells were washed 

with HBSS before the cells were seeded. Preliminary experiments showed, by measuring the 

hydroxyproline content in the well9, that equal amounts of each of the three collagen types 

adhere the cultured plates (after air-drying and washing). It also appeared that the final coating 

of collagen was 60 % of the initial amount added to the wells (e.g. 6.25 u.g/well added, resulted 

in a final coating of 3.75 (ig/well). 

Proliferation assay 

Four days prior to the onset of the incoiporation studies, the medium of the cells was changed 

with IMDM supplemented with 5% FCS and antibiotics. One day prior to the experiment the 

medium was changed with IMDM supplemented with 4 mg/ml BSA and antibiotics. The 

periosteal, gingival and PDL fibroblasts (7.5 x 103cells/well) were transferred to collagen-coated 

96 well culture plates and cultured in 100 p.1 IMDM supplemented with BSA (4 mg/ml) and 

antibiotics. Culturing was performed in a humidified atmosphere containing 5% C0 2 in air at 

37°C. Previous studies showed that the three populations similarly attached to the three different 

collagen types4. After an initial culture period of 31 h, 0.33 |i.Ci [6-3H]-thymidine was added to 

the culture medium of each well for a subsequent culture period of 17 h. All experiments were 

performed in sextuple. To study the level of incorporation of attached cells, medium was 

discarded and the wells were washed with PBS to remove free [6-3H]-thymidine and non-

attached cells. The cells were dissociated with 1 N NaOH, incubated for 15 min and harvested 

on a filter with a Tomtec harvester (Tomtec Inc., Hamden, USA). After addition of Betaplate 

Scint® fluid, filters were counted in an LKB liquid scintillation counter. In addition, a similar 

extraction and analysis was performed on non-attached cells. The data were expressed as mean 

counts per minute (c.p.m.). 
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Inhibition of intracellular kinases 

Inhibition experiments were performed with inhibitors of protein and tyrosine kinases. The 

following compounds were used in the concentrations as indicated: the PKA inhibitor [6-22] 

amide: 2 uM10; the protein kinase C inhibitor bisindolylmaleimide IV: 0.5 uM11; the tyrosine 

kinase inhibitor herbimycin A: 0.5 (J.M1 and the broad-spectrum protein kinase inhibitor 

staurosporine: 50 nM13. The inhibitors were added to the cell culture 6.5 h prior to the addition 

of [6-3H]-thymidine and proliferation was evaluated as described above. Preliminary studies 

showed that the culturing of fibroblasts with the inhibitors in the used concentrations had no 

effect on the viability of the cells. 

Results and Discussion 

I. Collagen type I, HI and V stimulate [3H]-thymidine incorporation by periosteal, gingival 

and PDL fibroblasts 

Table I 

Cell type Collagen type Concentration collagen coating: 

0.6 ( ig /we l l 3.6 | j g / w e l l 

P E R I 6.1 ± 5 . 4 14.0 ± 20.5 

III 4.3 ± 3.4 26.0 ± 39.4 

V 5.5 ± 3.5 0.6 ± 0 . 5 

G I N I 9.8 ± 4 . 5 7.9 ± 4 . 4 

III 10.4 ± 3 . 6 8.6 ± 4 . 7 

V 7.0 ± 3.8 3.0 ± 2.1 

P D L I 8.6 ± 6 . 5 2.0 ± 0 . 5 

III 6.0 ± 3 . 7 5.3 ± 5 . 7 

V 3.2 ± 2 . 0 0.5 ± 0 . 3 

Effect of collagen on the3 H-thymidine incorporation by periosteal, gingival and PDL fibroblasts. 
[3H]-thymidine incorporation by periosteal (PER), gingival (GIN) and periodontal ligament (PDL) 
fibroblasts. The cells were cultured for 48 h in non-coated wells (control) or in wells coated with 0.6 or 
3.6 pg/well type I, III or V collagen. The values represent the mean ratio experimental versus control+ 
SD of three experiments. Significant differences were found in each separate experiment between cells 
cultured on type I or III collagen versus those cultured on type V collagen. 
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The different types of collagen proved to stimulate incorporation of [TTJ-thymidine (Fig. 1; 

Table I). This was found for each of the three fibroblast populations studied. Cells not attached 

to the culture plates proved to incorporate label to a similar extent as attached cells (data not 

shown). 

In line with findings presented by Atkinson et al. we observed that thymidine 

incorporation was highest at later time intervals. An enhanced incorporation was found only at 

the 48 h time interval (Fig. 2). These data strongly suggest an indirect effect of collagen on DNA 

synthesis, perhaps under the influence of growth factors and/or cytokines released by the cells 

during prolonged culturing. 
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Fig. 1. The figure represents [3H]-thymidine incorporation by PDL fibroblasts that were cultured for 48 
h in non-coated wells and in wells coated with type I. Ill or V collagen (0.6 jJtg/well). Values represent 
the mean cpm ± SD (n = 6). *: p<0.01; **: p<0.001. 

II. Collagens dose-dependently affect fibroblast proliferation 

Each of the three collagen types dose-dependently increased thymidine incorporation (Fig. 3; 

Table I). Maximal incorporation was found with a coating of approximately 0.6 p:g collagen per 

well. Higher amounts of collagen type V, but not of types I and III, significantly inhibited the 

incorporation (Fig. 3, Table I). In order to find out whether these effects were only seen when 
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cells were seeded on collagen coatings, dissolved collagen was added to cells in non-coated 

wells. This approach resulted in a similar response (not shown). Although the fibrillar type I and 

III collagens are abundantly present in soft connective tissues, they are usually integrated with 
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I | 0-24 h 

1 0-48 h 

non-coated Type I Type III Type V 

Collagen 
Fig. 2. [ H]-thymidine incorporation by periosteal fibroblasts that were cultured for 24 h or 48 h in 
non-coated or collagen-coated wells (3.6 fig/well). Note that this concentration of type I and type HI 
collagen resulted in an increased proliferation at the 48 h time point, whereas type V collagen had no 
effect. Stimulation of the incorporation was not found after a culture period of 24 h. Values represent 
the mean cpm+SD (n = 6). *: p<0.001 

many other matrix constituents, e.g. proteoglycans and glycoproteins. Type V collagen, on the 

other hand, has been shown to be closely associated with the fibroblasts'6,17. Direct intimate 

contact between the cells and type V collagen is probably more likely to occur in vivo and may 

thus influence fibroblast activity. 

HI. Involvement of protein and tyrosine kinases 

The observed differences in DNA synthesis by the three collagens are probably due to 

interaction and activation of different membrane receptors, in particular the integrinsl8'9. 
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Fig. 3. The figure represents f H]-thymidine incorporation by periosteal fibroblasts that were cultured 
for 48 h in non-coated or collagen-coated wells. Values represent the mean cpm ±SD(n = 6). Similar 
effects were found with gingival and PDL fibroblasts. *: p<0.01 ; * *: p<0.001 
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Fig. 4. PDL fibroblasts were cultured for 48 h in non-coated or collagen coated wells (0.6 pg/well). 
The tyrosine kinase inhibitor herbimycin A (0.5 pM) or the protein kinase inhibitor staurosporine (50 
nM), were added 6.5 h prior to the addition of !H-thymidine and the cells were subsequently cultured 
for 23.5 h. Addition of these inhibitors significantly reduced incorporation of the radiolabel. Values 
represent the mean cpm±SD (n = 6). Similar effects were foundfor periosteal and gingival 
fibroblasts. *:p<0.05; **:p< 0.001. 
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Fig. 5. PDL fibroblasts were cultured for 48 h in non-coated or collagen-coated wells (0.6 jig/well) with 
or without the inhibitors of protein kinase A (protein kinase A inhibitor [6-22] amide; 2 ßM) and 
protein kinase C (bisindolylmaleimide IV; 0.5 /jM). The inhibitors had no effect on the incorporation. 
Values represent the mean cpm ± SD (n = 6). Similar results were obtained with periosteal and gingival 
fibroblasts. 

Support for this assumption is provided by studies demonstrating that type V collagen is 

recognised by a different set of integrins than type I collagen20'21. The subsequent signal 

transduction pathways may differ and result in other cell activities. Therefore, we investigated 

the involvement of protein and tyrosine kinases in collagen-mediated proliferation. 

In concert with other studies22'23 we found that both protein and tyrosine kinases are 

involved in collagen-stimulated DNA synthesis. Addition of the protein kinase inhibitor 

staurosporine and the tyrosine kinase inhibitor herbimycin A to the medium resulted in a 

decreased thymidine uptake (Fig. 4). More selective inhibitors of protein kinase A and C had no 

effect (Fig. 5). The inhibiting effect of the general inhibitors was found for each of the three 

populations of fibroblasts. 

In conclusion, the present findings indicate that collagens strongly affect cellular 

dynamics of fibroblasts in terms of DNA synthesis and that this effect depends on the 

concentration of collagen available to the cells. 
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