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Table 3. aH diazepam binding of imprinted and not imprinted Tetrahy- 
mena pellicle related to the control as 100 

Binding % Binding % 
Control 100 100 Imprinted 
Control + 1000 • cold Imprinted + 1000 x cold 
diazepam 100 59.0" diazepam 

* = p < 0.05 

fact taken place in Tetrahymena. It deserves special mention 
that the difference between the ceils imprinted and not im- 
printed with diazepam was still demonstrable after one week, 
in which about 50 generation changes occurred. Thus im- 
printing maintained a 'memory' of primary interaction with 
diazepam over many progeny generations, to judge from the 
greater binding and uptake of the drug by these relative to 
the control. 
The plasma membrane preparations represented an entirely 
different experimental system, in which incorporation of 3H- 
diazepam into the cells was a priori impossible. Displace- 
ment of the 3H-diazepam molecules bound to the membrane 
of the not-pretreated cells failed to take place in that system, 
whereas more than 40 % (p < 0.05) of bound 3H-diazepam 
was displaced on the imprinted cells in presence of an 1000- 
fold amount of unlabeled (cold) diazepam (table 3). Al- 
though these observations fail to substantiate the specificity 
of the spontaneous binding sites, such as are presented by the 
control ceils, they substantiate unequivocally the establish- 
ment of diazepam imprinting in Tetrahymena, and the 
specificity of the receptors induced by imprinting. 

1 Le Roith, D., Shiloach, J., Roth, J., and Lesniak, M. A., Proc. natl 
Acad. Sci. USA 77 (1980) 6184. 

2 Berelowitz, M., Le Roith, D., von Schenk, K.H., Newgard, C., 
Szabo, M., Frohman, L., Shiloach, J., and Roth, J., Endocrinology 
110 (1982) 1939. 

3 Le Roith, D., Shiloach, J., Berelowitz, M., Frohman, L. H., Liotta, 
A. S., Krieger, D. T., and Roth, J., Fedn Proc. 42 (1983) 2602. 

4 Schwabe, C�9 Le Roith, D., Thompson, R. P., Shiloach, J., and Roth, 
J., J. biol. Chem. 258 (1983) 2778. 

5 Csaba, G., Biol. Rev. 55 (1980) 47. 
6 Csaba, G., Ontogeny and Phylogeny of Hormone Receptors. Karger, 

Basel, New York 1981. 
7 Csaba, G., Int. Rev. Cytol. 95 (1985) 327. 
8 Jancs6, M., Hung. Acad. Sci. Budapest, 1955. 
9 Lison, L., and Smoulders, J., C. r. S~anc. Soc. Biol. 143 (1949) 575. 

10 Csaba, G., and Lantos, T., Cytobiologie 7 (1975) 44. 
11 Csaba, G., and Lantos, T., Cytobiologie 11 (1975) 44. 
12 Csaba, G., and Lantos, T�9 Experientia 31 (1975) 1097. 
13 Csaba, G., and Lantos, T., Endokrinologie 68 (1976) 235. 
14 Csaba, G., and Uborny~k, L., Acta biol. hung. 33 (1982) 381. 
15 Josefsson, J.-O., and Johansson, P., Nature 282 (1979) 78. 
16 Csaba, G., NOmeth, G., and Vargha, P., Expl. Cell Biol. 50 (1982) 291. 
17 Nozawa, Y., and Thompson, G. A., J. Cell Biol. 49 (1971) 712. 
18 Lowry, O�9 H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., J. 

biol. Chem. 193 (1951) 265. 
19 Csaba, G., Experientia 42 (1986) 715. 

0014-4754/89/010096-0351.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1989 

Inhibition of collagen synthesis by interleukin-1 in three-dimensional collagen lattice cultures of fibro- 
blasts 

P. Gillery, F. Coustry, J.-P. Pujol* and J.-P. Borel 

Lab. Biochemistry, UA CNRS 610, Fac. Medicine, 51 Rue Cognacq Jay, F-51095 Reims Cedex (France), and * Lab. Biochem- 
istry o f  Connective Tissue, CHU COte de Nacre, F-14040 Caen Cedex (France) 
Received 1 June 1988; accepted 14 September 1988 

Summary. Interleukin-1 (II-1) was added to collagen lattice cultures of human skin fibroblasts. No cell division was induced, 
the ability of fibroblasts to contract the lattices was decreased and a dose-related inhibition of collagen synthesis without 
effect on non-collagen proteins was found. Indomethacin had no influence on these effects. 
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Cultures of fibroblasts in collagen lattices, which have been 
described by sex, eral authors 1- 3, constitute a valuable tool 
for the study of the behavior of cells embedded in an extra- 
cellular matrix, in a physiological situation comparable to 
the one which they occupy in vivo. In this complex medium, 
it has been demonstrated that fibroblasts remain more or less 
quiescent�9 They do not divide, and their rate of collagen 
synthesis is reduced to a negligible level compared to their 
activity in monolayer cultures 4. A very noticeable property 
of these lattice cultures is the contraction which operates 
during the first days of culture and results in the structuring 
of a resistant, organized, coherent lattice 5, 6. The mechanism 
of this lattice contraction is not well understood at the pres- 
ent time. On the other hand, many efforts have been devoted 
to establish the reasons Why cells are in apparent dormancy 
in these collagen lattices. For instance, several growth fac- 
tors have been tried, more or less successfully, in order to 
restart cell division and protein synthesis in lattice cul- 
tures 7, 8. Up to now, interleukin-1 (Ii-1), a cytokine capable 

of modulating a number of biological activities of fibro- 
blasts, has not been used in that system�9 II-1 is shown to be 
a multifunctional factor, acting as a lymphocyte activator, 
an inducer of acute phase protein production and an endo- 
genous pyrogen 9. In connective tissue, II-1 induces the secre- 

�9 10  tion of proteolytic enzymes including collagenase plasmi- 
11 12 nogen activator and stromelysin , a process that pro- 

motes matrix breakdown. I1-1 also stimulates the production 
of prostaglandin E 2 by mesenchymal cells lo. On the other 
hand, I1-1 is a well-known mitogenic factor for fibroblastic 
cells la. Furthermore, II-I has been reported to increase the 
steady-state level of collagen mRNAs in fibroblasts 14. is, 
synovial cells 14, 16 and chondrocytes 14. However, contra- 
dictory results have been obtained in studies on the effect of 
II-1 on collagen protein production 14-21. This discrepancy 
can be explained by variations in the experimental proce- 
dures and the cell lines used 22. In particular, it has been 
suggested that the II-1 induced prostaglandin PGE2 release 
could be responsible for an inhibition of collagen synthesis, 
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at least in cell types which produce high amounts of that 
prostaglandin14'16. In support of this explanation, it is 
known that PGE 2 activates the intracellular formation of 
cyclic AMP which usually inhibits collagen synthesis and 
promotes its intracellular degradation 23. Moreover, exoge- 
nous PGE 2 has recently been shown to decrease collagen 
mRNA level in cultures of dermal fibroblasts 24 
Taking into account that experimental conditions could in- 
fluence the response of connective tissue cells to II-1, it was 
of interest to study fibroblasts seeded in lattice cultures to 
investigate their division, protein synthesis and effect on lat- 
tice contraction and to consider, in addition, the effect of 
treating these cultures with indomethacin, in order to sup- 
press the formation of PGE 2 triggered by II-l. We present 
data showing that II-1 ,8 had inhibiting effects on both lattice 
contraction and fibroblast collagen synthesis. Addition of 
10 gM indomethacin was without effect on these functions. 
Materials and methods. Chemicals were purchased from Pro- 
labo (Paris, France), unless another source is mentioned. 
Ascorbic acid was bought from Merck (Darmstadt, FRG), 
indomethacin and ,8-aminopropionitrile (fumarate) from 
Sigma (St Louis, USA), L-proline and L-glutamine were 
obtained from Calbiochem (Meudon, France) and L-[U- 
14C]-proline (specific activity over 9.25 GBq/mmol) from 
New England Nuclear (Paris, France). Triton X-100 was 
bought from Technicon (Tarrytown, USA). All reagents for 
cell culture were purchased from Gibco (Paisley, Scotland) 
and plastic petri dishes from Flow (Irvine, Scotland). 
Bacterial collagenase (CLSPA grade) was obtained from 
Worthington (Freehold, USA) and purified in the laboratory 
according to Peterkofsky and Diegelmann 2s 
Interleukin-1 from human monocytes, purified according to 
Rosenwasser et al. 26 was supplied by Genzyme (Boston, 
USA). This preparation was free from lipopolysaccharide, 
interleukin-2 and interferons. One unit is defined as the 
amount of IM required to double the proliferative response 
of mouse thymocytes stimulated with 1 pg/ml phytohemag- 
glutinin. No indication is given by the supplier on the rela- 
tionship between units and weight for this preparation, so 
that concentrations of II-I were expressed only in terms of 
units/ml. Preliminary studies with this preparation have 
shown that the range of efficiency on monolayer fibroblast 
cultures was 0.01 5 U/ml 2~ which should correspond to 
0.1-50 gg/ml 15. This preparation of II-1 is supposed to 
contain essentially 11-1 [:~ since blood monocytes have been 
shown to produce about 9 times more II-I/3 than II-1 c~. 
Cell cultures. Fibroblast strains were established in our labo- 
ratory from explants of human foreskin, obtained with 
parental consent. They were grown by using routine tech- 
niques 2v in Eagle's essential medium (MEM) supplemented 
with 10% fetal calf serum (FCS). For seeding into collagen 
lattices, cells from subcultures 3 to 10 were used. 
Prior to the seeding into lattices, the confluent fibroblasts 
were detached from their culture flasks by trypsinization, 
collected by centrifugation for 10 min at 800 x g, and diluted 
to a convenient cell density with Dulbecco's modified Eagle's 
medium (DMEM). 
Collagen lattices were prepared according to a previously 
described technique s, 28, slightly modified as follows (all the 
components being sterilized before use): 1.25 ml of stock 
incubation medium (containing 0.7 ml of 2.5 x DMEM, 

0.2 ml of FCS, 0.2 ml of twice-distilled water and 0.15 ml of 
0.06 M NaOH) at 37 ~ was poured into a 35-mm-diameter 
plastic petri dish. The pepsin-digested calf skin collagen 29 
(made sterile by precipitation in 70 % ethanol) was dissolved 
at 2 mg/ml in 0.018 M acetic acid solution and kept at 4 ~ 
before use. 0.5 ml of the solution was added simultaneously 
with the fibroblast suspension (0.25 ml) on seeding. After 
gentle stirring, lattices formed in less than 5 min at 37 ~ 
Lattice contraction. The lattice diameter was measured every 
day, with the dish placed on a black background. The con- 
traction of the lattice was evaluated by: (a) half-contraction 
time: time necessary for cells to contract the lattice down to 
the half of their initial area, expressed in hours. (b) 5 day- 
area:area of lattice at day 5 after seeding, expressed in mm 2. 
Cell counting. After various periods of incubation (for dura- 
tion, see results), the cells were recovered from collagen lat- 
tices by digestion of the network with 10 U/ml purified bac- 
terial collagenase (2 h at 37 ~ and counted with a Malassez 
cell. 
Protein and collagen syntheses. Protein synthesis were stud- 
ied by 14C-proline incorporation during 5 days of culture. 
For that purpose, the incubation medium was supplemented 
on seeding with 50 gg/ml /3-aminopropionitrile, 50 gg/ml 
ascorbic acid, 74 x 103 Bq/ml of 14C-proline and 0.2 mM 
unlabelled proline. 
After incubation, the supernatant was obtained by centrifu- 
gation at 10,000 x g and the lattice rinsed with DMEM. The 
supernatant and rinses were pooled and constituted the S 
fraction. Cells and lattices were dissolved together by treat- 
ment with a 0.2% Triton X 100 solution for I h at 65 ~ and 
heated 10 rain at 100 ~ in order to inhibit lysosomal en- 
zymes. This suspension represented the fraction C + L. 
Aliquots of the fractions S and C + L were counted for total 
radioactivity in a Minaxi type 4430 Packard scintillation 
counter. The remaining solutions were extensively dialyzed 
against bidistilled water and precipitated by addition of am- 
monium sulfate to 1.33 M. The precipitates were suspended 
in 1 ml of 0.1 M ammonium formate buffer pH 7.8, contain- 
ing 5 mM calcium acetate and bacterial collagenase (20 gg/ 
ml in S fraction, 50 gg/ml in C + L fraction). This mixture 
was incubated for 18 h at 37~ and the non-collagenous 
proteins were precipitated by addition of ethanol to give a 
final concentration of 90 % (v/v). The radioactivity incorpo- 
rated in the collagen fraction (supernatant) was then evaluat- 
ed by scintillation counting. 
Statistical calculations. All the experiments were performed 
in quadruplicate. The statistical significance was calculated 
by the Student's t-test. 
Results. As shown in table 1, II-1 did not cause any signifi- 
cant variation in cell division, when used at concentrations 
1.25, 2.5 and 5.0 U/ml. The number of fibroblasts measured 
in control lattices after 5 days of culture was not different 
from the number of seeded cells (+ 8.6 %, not significant). 
None of the II-1 concentrations tested modified this number. 
The effect of II-1 on the lattice contraction was studied in 
cultures seeded with 105 fibroblasts, in the presence of 5 % 
fetal calf serum, during 5 days of incubation. The curves of 
contraction are shown in figure 1. The initial rate of contrac- 
tion was not modified by II-I (1.25 to 5.0 U/ml): the calculat- 
ed half-contraction times were not different in the 4 series 
(table 2). By contrast, II-I caused a significant inhibition of 

Table 1. Effect of I1-1 on fibroblast number. Fibroblasts were counted 5 days after seeding. Incubation in the presence of 5 % fetal calf serum; addition 
of II-1 simultaneously with seeding. Results represent the mean of quadruplicate determinations _+ 1 SEM. No significant differences. 

IM concentration (U/ml) 
0 1.25 2.5 5.0 

Number of seeded cells 101 000 • 2500 101 000 +_ 2500 101 000 _+ 2500 10t 000 +_ 2500 
Number of cells on day 5 after seeding 109 690 _+ 4430 108 280 _+ 6730 102190 _+ 8090 103 750 _+ 6030 
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Figure 1. Effect o f  II-1 concentration on the contraction of  collagen 
lattices by human fibroblasts in the presence of  5 % FCS and 0 (e ,  con- 
trol), 1.25 ( �9  2.5 ( I )  and 5.0 (O )  U / m l  II-l. Each point represents the 
mean of  quadruplicate determinations _+ 1 SEM. 

the contraction after the 1st day of  incubation. This effect 
was earlier and more intense with increasing concentrations 
of II-1. The area of the lattices after 5 days of contraction 
remained broader in all the series performed in the presence 
of II-1 at concentrations from 1.25 to 5 U/ml (table 2). 
We checked the influence of the concentration of Ii-1 on 
protein synthesis by fibroblasts cultured in collagen lattices. 
No  variation of total protein synthesis was found for II-1 
concentrations ranging from 1.25 to 5 U/ml (fig. 2A). By 
contrast, II-i significantly inhibited collagen synthesis in the 
3 series; these inhibitions were respectively - 33 %, - 43 % 
and - 4 8  % in comparison with controls (fig. 2 B). 
An experiment was performed in the presence of 10 gM in- 
domethacin (fig. 3), an inhibitor of the cyclooxygenase path- 
way ofarachidonate metabolism. Indomethacin alone caused 
no modification of total protein and collagen syntheses. It 
did not reverse the inhibitory effect of II-1 on collagen syn- 
thesis, when added simultaneously. 
Discussion. In recent years it has become evident that, be- 
sides its effects on immune cells, I1-1 is able to modulate the 
synthesis and breakdown of the extracellular matrix through 
different biological activities affecting the mesenchymal 
ceils. As a consequence, it has been suggested that it plays a 
pivotal role in several pathological situations, including in- 
flammation. 
As regards collagen production, the effect of I1-1 has been 
studied by several laboratories on monolayer cultures of fi- 
broblasts, with variable results. Today, we have clear evi- 
dence that II-1 increases the level of collagen mRNAs  14, 15, 
but this elevation is not always associated with a parallel 
increase in the protein secreted in the medium t 6. This seems 
to be dependent on the experimental conditions used, such as 
the presence or absence of serum in the culture medium. 
Thus, some doubt remains about the exact role of Il-1 in vivo 
on collagen production. Therefore, it is of interest to study 
the effect of II-1 on fibroblasts cultured in collagen lattices, 
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Figure 2. Effect o f  I1-1 concentration on total protein (A) and collagen 
(B) syntheses by 100,000 fibroblasts cultured in collagen lattices during 5 
days in presence o f  5% FCS. The data presented show the means o f  
quadruplicate determinations 4-1 SEM.* Significantly different from 
controls (p < 0.001). 

because these culture conditions are more germane to the in 
vivo situation of fibroblasts. 
In conventional monolayer fibroblast cultures, II-1 has been 
shown 14, ,5.20.21 to exert its effect on collagen synthesis in 
the concentration range of 0 .1-10  U/ml. Therefore we de- 
cided to use similar doses in our experiments. We found that 
human foreskin fibroblasts submitted to these various con- 
centrations of a preparation of monocyte Il-1 exhibited a 
significant decrease in their ability to contract collagen lat- 
tices. In addition, the synthesis of collagen was significantly 
inhibited in a dose-dependent fashion, whereas that of non- 
collagen protein was not modified. In order to determine 
whether this inhibition was prostaglandin-dependent, we 
studied the effect of Il-1 in the presence of indomethacin, 
which blocks prostaglandin synthesis. The inhibition of col- 
lagen secretion was of the same magnitude in the presence as 
in the absence of the drug, suggesting that prostaglandin E z 
is not involved in the mechanism of II-1 action on collagen 
synthesis. 
It is worth noting that the present data obtained in lattice 
cultures are in good agreement with a recent report on the in 
vivo effect of I1-1 on experimental granuloma 3~ In this 

Table 2. Effect o f  I1-1 on collagen lattice contraction. The lattices were seeded with 100000 fibroblasts, in the presence of  5% fetal calf serum and 
the mentioned concentrations of  I1-1. The results represent the mean of  quadruplicate determinations _+ 1 SEM. Result significantly different from 
control: **p < 0.01; ***p < 0.001. 

I1-1 concentration (U/ml)  
0 1.25 2.5 5.0 

Half-contraction time (h) 29.5 + 2.5 29.9 _ 2.5 31.8 4- 4.9 31.4 4- 2.1 
5-d area (mm 2) 41.4 + 2.9 71.4 -t- 7.9** 82.6 4- 4.1 *** 109.9 + 2.6*** 
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Figure 3. Absence of effect of indomethacin on protein syntheses and 
II-l-induced inhibition of collagen synthesis. The columns represent the 
syntheses of total protein (A) and collagen (B) by 100,000 fibroblasts 
cultured during five days in collagen lattices in the presence of 5 % FCS. 
a: control, b: II-1 1.25 U/ml, c: indomethacin 10 gM, d: II-I 1.25 U/ 
ml+indomethacin 10gM. *significantly different from controls 
(p < 0.001). 

work,  II-1 was injected for seven days into viscose cellulose 
sponges implan ted  unde r  the dorsal  skin of  rats. II-I signifi- 
cant ly decreased the hydroxypro l ine  conten t  of  granulomas ,  
compared  to controls  receiving saline solution.  Moreover ,  
the cells ob ta ined  f rom the granula t ion  tissue and  cul tured in 
vitro responded in the same way to II-1, their  collagen pro- 
duct ion  being reduced to 80 % of  tha t  in controls .  It mus t  be 
not iced also tha t  the au thors  did not  observe any effect of  
II-1 on  cell prol i fera t ion in their  cultures, as we did in our  
system. 
The  inhibi t ion  of  lattice con t rac t ion  induced by II-1 may  be 
ascribed to the p h e n o m e n a  of  decreased adhes ion  and  mobi l -  
ity of  the f ibroblasts ,  as it seems at present  tha t  the contrac-  
t ion of  lattices depends on  the act ion of  the cells and  more  
par t icular ly  of  their  cytoskeleton 1, 31, 3 2 It  is also likely t ha t  
the response of  embedded  f ibroblasts  to I1-1 is somehow 
related to their  quiescent  si tuation.  It has been previously 
shown tha t  II-1 did no t  s t imulate D N A  synthesis in quiescent  
f ibroblasts  in mono laye r  cultures 33 
The  decrease of  collagen synthesis i~as to be related to the 
p h e n o m e n a  of  the first stage of  in f lammat ion ,  when  mos t  of  
the componen t s  of  connect ive  tissue in the  inf lamed area are 
submi t ted  to fast  degradat ion .  Dur ing  this catabol ic  step, 
mos t  if no t  all syntheses are found to be inhibited.  The two 
associated p h e n o m e n a  of  inhib i t ion  of  lattice con t rac t ion  
and  decrease of  collagen synthesis depend p robab ly  on  some 
kind of  rest ing per iod  induced by II-1 at  the beginning  of  
in f lammat ion .  It  is likely tha t  the effect of  II-1 is reversed or  
abol ished when  in f l ammat ion  progresses to the fol lowing 

steps of  recons t i tu t ion  of  the tissue, character ized by the 
layering of  newly synthesized collagen fibers. Fu r the rmore ,  
we c a n n o t  exclude tha t  I1-1 could enhance  collagen synthesis 
later  in the process since it is becoming  clear tha t  one factor  
can have bo th  s t imula tory  and  inh ib i to ry  activity, depending  
on  the context  provided by the o ther  signal molecules present  
in the target  cells. 
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