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To investigate the mechanism of cyclosporine ((3)-induced fibrous gingival enlarge- 
ment, the indirect effects of Cs on fibroblast collagenolysis via the drug’s effect on 
the synthesis of the fibroblast regulatory monokines interleukin-lp (IL-1p) and 
tumor necrosis factor-a (TNFa) have been studied. Peripheral blood monocytes 
stimulated with lipopolysaccharide (LPS) for 48 h produced conditioned media 
(MCM-LPS) that contained 665 pg/ml IL-lp and 16 pdml TNFa and significantly 
(P < 0.001) enhanced the collagenase activity of a fibroblast strain (GN 23) 
derived from a healthy individual with clinically normal gingiva. The concurrent 
addition of Cs (50,100, or 150 ng/ml) with LPS to the monocytes (MCM-LPS-Cs) 
significantly diminished their ability to enhance GN 23 collagenase activity in a 
dose-dependent manner, with MCM-LPS-Cs (150 ngiml) causing the greatest 
effect. Cs also significantly inhibited IL-lp and TNFa production. Although the 
greatest inhibition of both cytokines was at 50 ndml Cs, the corresponding 
MCM-LPS-Cs caused the Zeus? diminution (16%) of the collagenase stimulation 
caused by MCM-LPS (no Cs). This suggested that factor(s) other than or in 
addition to IL-lp and TNFa might be responsible for the stimulation of GN 23 
collagenase activity. MCM-LPS depleted of IL-1 p by affinity chromatography 
retained its stimulatory effect on GN 23 collagenolysis, and human recombinant 
IL-lp and TNFq when tested alone or together at levels found in the stimulatory 
MCM-LPS and MCM-LPS-(3, did not stimulate GN 23 collagenase activity as did 
the crude conditioned media. This evidence suggested that the conditioned media 
contained the complex mixture of cytokines necessary to stimulate collagenase 
activity of this fibroblast strain and that IL-lp and TNFa were not necessarily 
involved. Cs may alter the synthesis of other collagenase-stimulating cytokines, 
accounting for the diminished ability of Cs-treated monocytes to enhance collage- 
nase activity of susceptible fibroblast strains. Decreased collagenase activity, there- 
fore, resulting from (3 suppression of monokine production, may be an important 
factor in the development of fibrous gingival enlargement seen in some susceptible 
patients treated with Cs. 
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Since the discoveq of the immunosuppressant cyclosporine (Cs), the use of this 
drug has become common in solid organ transplantation to suppress allograft rejection 
[1,2]. Fibrous gingival enlargement has been recognized as one side effect of Cs 
therapy, occurring in about one-third of patients taking the drug [1,3-51. Histological 
studies of Cs-enlarged gingiva have revealed the infiltration of lymphocytes (particu- 
larly T cells), macrophages, and plasma cells [MI. Indeed, chronic inflammatory 
activity in the pathogenesis of drug-induced gingival enlargements, including those 
caused by phenytoin [7] and nifedipine [8], is now generally accepted [9]. 

It is well established that many lymphokines and monokines alter fibroblast 
growth and activity including collagen metabolism [ 10-181. Therefore, cytokines play 
an important role in tissue homeostasis by regulating connective tissue cells and the 
turnover of extracellular matrix proteins [19]. Because Cs can inhibit the production of 
some of these cytokines, the regulation of fibroblasts in the presence of infiltrating 
inflammatory cells may be altered or lost during Cs therapy, contributing to fibrous 
gingival overgrowth [6]. 

Tissue fibrosis may be a reflection of increased collagen synthesis, reduced col- 
lagenolytic activity, or both as well as disturbances in their regulation. The monokines 
interleukin-1p (IL-1p) and tumor necrosis factor-a (TNFa) are key modulators in 
connective tissue remodeling and fibrosis because both are fibroblast mitogens and 
affect collagen synthesis and degradation [2&23]. Cs can directly inhibit IL-1p 124-291 
and TNFa [30-331 production by monocytes, although there are conflicting reports in 
the case of IL-1p [29,34]. This in vitro study focused on the role of collagenolysis in 
Cs-induced gingival fibrosis. We studied the indirect effect of Cs on fibroblast collage- 
nase activity via its effects on monokine secretion by lipopolysaccharide (LPS)-acti- 
vated monocytes, and we have examined the roles of IL-lp and TNFa in this process. 

MATERIALS AND METHODS 
Fibroblasts 

The fibroblast cell strain (designated GN 23) used in this study is a human 
gingival fibroblast strain derived from a gingival explant from a healthy individual with 
noninflamed gingiva. After excision of the tissue, it was minced using sterile techniques 
and washed several times in Hank’s balanced salt solution (HBSS; Gibco, Grand 
Island, NY) supplemented with gentamicin (Gibco) at 100 i ~ g / m I  and fungizone 
(Gibco) at 2.5 pg/ml. Five to ten tissue pieces were placed into each of several 25 cm2 
flasks (Falcon, Oxnard, CA) and allowed to adhere to the flasks. Then 3 ml of 
complete medium [Dulbecco’s modified Eagle’s medium (DMEM, Gibco) supple- 
mented with 10% newborn calf serum (NCS; Gibco) and gentamicin (100 pg/ml)] was 
added to each flask. The flasks were incubated at 37°C in a humidified atmosphere of 
5% CO, in air. Cells eventually were passaged by trypsinization with 0.25% trypsin 
(Enzart; h o u r  Pharmaceutical Co., Kankakee, IL) in HBSS containing 0.3 mM 
EDTA (Mallencrodt, Paris, KY) and eventually stored in liquid nitrogen. The fibro- 
blasts used in experiments were taken from passages two through ten. 

Isolation of Monocytes From Human Peripheral Blood 
Blood ( 2 W 0 0  ml) was drawn by venipuncture from healthy donors using 

0.38% citrate as anticoagulant. Mononuclear cells and neutrophils were separated by 
a plasma-Percoll procedure with a two-step discontinuous gradient. Monocytes were 
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separated from lymphocytes by allowing the cells from the mononuclear cell layer to 
adhere to plastic tissue culture dishes. The monocytes adhered within 1 h, and the 
nonadherent lymphocytes were washed off. Alternatively, monocytes were separated 
from lymphocytes using the elutriator rotor (Beckman Instruments, Inc., Fullerton, 
CA). Monocytes were cultured for several days in the CO, incubator in a modified 
Earle's salt solution (EBSS). The solution contained 0.1% glucose and the proper 
amount of sodium bicarbonate to maintain pH at 7.3 in an atmosphere of 5% CO,. 
Monocytes remained viable and functional for at least 4 days in this salt solution. 

Monocyte Conditioned Medium 
Monocytes were incubated with or without 50 n g / d  Escherkhia coli lipopolysac- 

charide (LPS; Difco, Detroit, MI) and with or without Cs (50-150 ng/ml) for 48 h. 
Conditioned culture medium, consisting of EBSS plus cell products, was prepared by 
centrifuging culture Supernatants to remove cells, followed by sterile filtration 
(Millex-GS 0.22 pm filter unit; Millipore, Bedford, MA). The direct effect of LPS on 
monocytes was monitored by measuring enhancement of f-Met-Leu-Phe (FMLP)- 
stimulated superoxide anion release from these cells. 

IL-1 p, TNFa, and Cs 
Human recombinant IL-1 p (hrIL-1 p) was obtained from Cistron Biotechnology 

(Pine Brook, NJ). This preparation was > 95% pure and had a specific activity of lo7 
U/mg. Human recombinant (hrTNFa) was obtained from Genentech (South 
San Francisco, CA) and had a specific activity of 5 x lo' U/mg. Cs was from Sandoz, 
Ltd. (Basel, Switzerland); a stock solution was prepared in ethanol containing 20% 
Tween 80 as described by Wiesinger and Bore1 [35]. 

Collagenase Activity Assay 
Collagenase activity in the serum-free culture supernatants of normal human 

gingival fibroblasts was measured using reconstituted ['4C]proline- and [3H]glycine- 
labeled collagen fibril gels as substrate [36]. Fibroblasts were seeded at 1 x 16 
cellsfwell in 24-well tissue culture plates (Costar, Cambridge, MA) and cultured for 24 
h at 37°C. The medium was removed and replaced with serum-free AMEM-F10 
medium (Gibco) containing 100 pg/d gentamicin or with this medium containing the 
MCM-LPS or MCM-LPS-Cs (diluted 1:4 vh), hrIL-lp, hrTNFcY, or combinations of 
the two recombinant cytokines. The recombinant cytokines were used at their levels 
present in the diluted conditioned media. Supernatants were collected at day 3. The 
latent collagenase in the medium was activated by incubation with 25 pg trypsin 
(Sigma, St. Louis, MO) for 10 min at 34°C. The trypsin was inactivated by adding a 
fivefold excess of soybean trypsin inhibitor (SBTI; Sigma). The supernatants were 
incubated on the collagen gels for 18-24 h at 34°C in 50 mM Tris C1 buffer with 0.01 M 
CaCl, and 0.2 M NaCl, pH 7.5, and counted in a liquid scintillation spectrometer. 
Results are expressed as units of collagenase per milligram protein. One unit degrades 
1 pg collagen per minute at 34°C. Protein determination was performed by the method 
of Lowry et al. [37]. 

Assay of 11-1 p and TNFa in MCM 
IL-lP levels in the MCM-LPS and MCM-LPS-Cs were determined using an 

IL-lp ELISA Kit (Cistron). The anti-IL-lP antibody in this kit does not cross react 
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with TNFa, IL-la, or IL-2. Levels of biologically active TNFa in the MCM-LPS and 
MCM-LPS-Cs were also determined by enzyme-linked immunosorbent assay (ELISA) 
using the Biokine TNF Test Kit (T-cell Sciences, Inc., Cambridge, MA). The 
anti-TNFa antibody in this kit does not cross react with TNFP (lymphotoxin), IL-lp, 
IL-2, or denatured TNFa. 

Affinity Chromatography 
Affinity chromatography was performed using an immunoaffinity agarose gel for 

IL-la (Endogen, Inc., Boston, MA). This gel has a specific activity of greater than 
10,OOO neutralizing units per milliliter gel and does not bind "Fa, TNFP, IL-2, IL-3, 
IL-4, IL-6, granulocyte-macrophage colony-stimulating factor (GM-CSF), or interfer- 
ons (IFNs). Cross reactivity with IL-la is I 5%. The gel was washed with phosphate- 
buffered saline (PBS) and 100 pl of the gel was added to Eppendorf tubes containing 
the MCM samples. The tubes were incubated for 2 h at 37°C with slow end-over-end 
mixing. The samples were centrifuged for 1 min in a microfuge, and the supernatants 
were decanted and stored at -20°C until use in the ELISA or the collagenase assay. 
Since the amount of TNFa in the MCM-LPS was very low and was near the detection 
limit of the ELISA used to measure it, the decision was made not to attempt to remove 
it from the conditioned media. 

Statistical Analysis 

one-way analysis of variance (ANOVA). 
The data are expressed as mean ? standard deviation and were analyzed using a 

RESULTS 
Effect of MCM on Collagenase Activity 

Medium from monocytes cultured for 48 h with 50 ng/d LPS (MCM-LPS) (no 
Cs) significantly stimulated fibroblast collagenase activity (P < 0.001) (Fig. 1). To 
some monocyte cultures, Cs (5Crl50 ng/ml) was added at the time of LPS addition 
(MCM-LPS-Cs) and cultured for 48 h. Cs had no effect on unstimulated or FMLP- 
stimulated superoxide anion release from the monocytes (data not shown). Cs 
treatment of LPS-stimulated monocytes inhibited their ability to enhance collagenase 
activity. Although still significantly stimulated over control levels, the collagenase 
activities of fibroblasts exposed to MCM-LPS-Cs (50 ng/ml), MCM-LPS-Cs (100 
ng/ml), and MCM-LPS-Cs (150 ng/d) were significantly decreased [ 16% (P < 0.05), 
43% (P < 0.0005), and 51% (P < 0.001), respectively] compared with the level of 
activity of fibroblasts incubated with MCM-LPS (no Cs). 

11-1 f3 and TNFa Levels in MCM 
The amounts of IL-lP and TNFa were measured in the MCM-LPS and 

MCM-LPS-Cs by ELISA (Fig. 2a,b). IL-1P was present in the MCM-LPS at 665 
pg/ml, and Cs significantly decreased the levels of IL-1p released by LPS-stimulated 
monocytes at all concentrations tested (Fig. 2a). In contrast, TNFa production (16 
pgiml in the MCM-LPS) was sigmficantly decreased by Cs only at 50 ng/d (P < 0.005); 
there was no change at 100 ng/ml, and Cs at 150 ndml significantly increased TNFa 
production (P < 0.01) (Fig. 2b). Maximum TNFa levels (2W500 pg/ml) were found 
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Fig. 1. Effect of MCM, MCM-LPS, and MCM-LPS-Cs on gingival fibroblast collagenolysis. Human 
gingival fibroblasts were cultured in the absence (no conditioned media) or presence of MCM, MCM-LPS, 
and MCM-LPS (containing Cs at 50, 100, or 150 ng/ml) diluted 1:4 (vk) in serum-free AMEM-F10 
medium for 3 days. Collagenase activity was determined using radiolabeled type I collagen gels as 
substrate. The data are expressed as means and standard deviations of triplicate cultures of a representa- 
tive experiment. 

in conditioned media from monocytes stimulated with LPS for 12-18 h (data not 
shown). Because the MCM-LPS and MCM-LPS-Cs used in this study were prepared 
by stimulating monocytes for 48 h with LPS, the low levels of TNFa in these media 
were probably due to the decay of much of the cytokine by 48 h. 

Effect of IL-1 p-Depleted MCM-LPS on Collagenase Activity 
IL-1p was removed from an MCM-LPS by affinity chromatography using an 

immunoaffinity agarose gel for IL-1p. Figure 3a shows that treatment of the MCM- 
LPS with the gel removed approximately 80% of the IL-1p. However, depletion of the 
cytokine did not diminish the ability of the MCM-LPS to stimulate collagenase activity 
significantly (P < 0.001) (Fig. 3b). 

Effect of hrll-1 f3 and hrTNFa on Collagenase Activity 
Human recombinant IL-1p and TNFa, alone and in combination, were tested 

for their effects on collagenase activity. Because the conditioned media were diluted 
1:4 before addition to fibroblast cultures for the collagenase assay testing the effects of 
MCM-LPS and MCM-LPS-Cs (above), the recombinant cytokines were used at 
one-fourth the levels measured in the undiluted conditioned media (Fig. 2a,b). 
Therefore, hrIL-lp was used at 60,115,135, or 170 psfml, and TNFa was used at 0.1, 
4,7.5 or 4 psfml, corresponding to the levels in the diluted MCM-LPS-Cs (50 ndml), 
MCM-LPS-Cs (100 nsfml), MCM-LPS-Cs (150 nsfml), and MCM-LPS, respectively. 
Whereas the MCM-LPS and all MCM-LPS-Cs significantly stimulated collagenase 
activity over control levels (Fig. l), neither hrIL-lp nor hrTNFa alone (Fig. 4a,b, 
respectively) or together, in the specific combinations found in the MCM-LPS and 
MCM-LPS-Cs (Fig. 5), were able to stimulate collagenase activity and duplicate the 
effect of the crude conditioned media. 
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Fig. 2. Effect of Cs on ILlp  (a) and TNFa @) production by human peripheral blood monocytes. 
Monaytes were incubated with 50 ndml LPS and with or without Cs for 48 h. The amounts of IGlP and 
TNFa in the conditioned media were determined by ELISA. The data are e x p r d  as means and 
standard deviations of triplicate cultures of a representative experiment. 

DISCUSSION 

This study demonstrating that supernatants of LPS-activated monocytes stimu- 
late collagenase activity of fibroblasts supports others showing that mononuclear cells 
(including monocytedmacrophages) secrete soluble products that alter a variety of 
fibroblast functions [18,38-43]. We show here that concurrent addition of Cs and LPS 
to monocyte cultures diminishes their sthulatory effect on fibroblast collagenolysis. 
There are at least two pathways through which Cs may affect fibroblasts: 1) by direct 
action after uptake by the fibroblasts or 2) indirectly via the drug's effect on the 
synthesis of lymphokines and monokines that regulate fibroblast functions. The direct 
effects of Cs on fibroblasts have been demonstrated in this laboratory [44-46] and 
others [47-501. Hassell et al. [51] have demonstrated lymphocyte-mediated stimula- 
tory effects of Cs on total protein and collagen synthesis by human gingival fibroblasts 
(dependent on the Cs dose and the donor from which the fibroblast strain was 
derived). That supernatants of Cs-treated immune cells can both stimulate collagen 
.synthesis and inhibit its breakdown by ginjjval fibroblasts (as descriied in this study) 
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Fig. 3. I L l p  removal from MCM-LPS and effect of IL-lpdepleted MCM-LPS on gingival fibroblast 
coflagenolysis. a: MCM-LPS was prepared as described in Materials and Methods, and the IGlp level was 
measured by ELISA. The MCM-LPS was subjected to affinity chromatography using an immunoaffnity 
agarose gel for IGlp. The gel-treated MCM-LPS was assessed for IGlp removal by ELISA. The data are 
expressed as means and standard deviations of triplicate cultures of a representative experiment. b: The 
MCM-LPS and the ILlp-depleted MCM-US were diluted 1:4 (vb) in serum-free AMEM-F10 medium 
and incubated with human gingival fibroblasts for 3 days. Collagenase activity was determined using 
radiolabeled type I collagen gels as substrate. The data are expressed as means and standard deviations of 
triplicate cultures of a representative experiment. 

suggests an important role for the indirect effect of Cs in the pathogenesis of gingival 
fibrosis in susceptible individuals. 

Activated monocytes secrete an array of cytokines, including IL-lp, TNFq 
G-CSF, M-CSF, IL-6, and TGFP, which have a broad range of regulatory effects on 
several different cell types [52-57]. IGlP and TNFa are two of the major fibroblast 
regulatory cytokines and among their effects on fibroblasts is the stimulation of 
collagenase activity [21]. For these reasons they were chosen for further study as 
potential mediators for the stimulatory effect of the MCM-LPS on collagenase activity, 
as well as the effects of the MCM-LPS-Cs. For example, if I L l p  and TNFa were 
responsible, Cs-induced inhibition of their production might account for the dimin- 
ished ability of the MCM-LPS-Cs to stimulate Collagenolysis. 

Gingival fibroblast collagenase activity was signi!icantly stimulated (P < 0.001) 
by the MCM-LPS (Fig. l), supporting the findings of others [58]. As expected, there 
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Fig. 4. Effect of hr&lp or hrTNFcl on gingival fibroblast collagenolysis. a: Human gingival fibroblasts 
were cultured in the absence or presence of hr ILlp  in serum-free AMEM-F10 medium for 3 days. The 
amounts of hr ILlp  used were 60,115,135, or 170 pgnd and corresponded to the amounts in the diluted 
MCM-LPSQ (50 ndml), MCM-LPS-Cs (100 nghnl), MCM-LPS-Cs (150 ng/ml), and MCM-LPS, 
respectively. Cdagenase activity was determined using radiolabeled type I collagen gels as substrate. The 
data are expressed as means and standard deviations of triplicate cultures of a representative experiment. 
b The fibroblasts were incubated with hfl"Fcx and collagenase activity was determined as described 
above. The amounts of hrTNFa used were 0.1,4, and 7.5 p g d ,  corresponding to the amounts in the 
diluted MCM-US-Cs (50 nglml), MCM-US-Cs (100 ng/ml)/McM-LPS, and MCM-LPS-Cs (150 nghl), 
respectively. The data are expressed as means and standard deviations of triplicate cultures of a 
representative experiment. 

was a high level of I L l p  (665 pg/ml) in the MCM-LPS, although the amount of TNFa 
was relatively low (16 pg/ml). Because the maximum level of TNFa produced by 
LPS-stimulated monOcytes OCCUTS at 12-18 h (data not shown), the low level of TNFa 
was probably due to the decay of much of it by the time the MCM-LPS was harvested 
(48 h). I L l P  production was sigmficantly inhibited by all concentrations of Cs tested; 
TNFa production, on the other hand, was inhibited by Cs at 50 ng/d only. The 
inhibition of IGlP and TNFa production by Cs supports work ffom other laboratories 
[24-331, some of which has demonstrated that Cs inhibits the extracellular release of 
both cytokines without inhibiting their mWAs [30-32,591. In this study, the pattern of 
the effect of Cs on the production of both cytokines was the same: The lowest 
concentration tested (50 ng/ml) caused the greatest inhibition, and, as the Cs concen- 
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Fig. 5.  Effect of combinations of hr ILlp  and hrTNFa on gingival fibroblast collagenolysis. Human 
gingival fibroblasts were cultured in the absence or presence of hrIGlp and hrTNFa in serum-free 
AMJ3M-FlO medium for 3 days. The amounts of hr ILlp  and hrTNFa used ranged from 60 to 170 pdml 
and 0.1 to 7.25 pdml, respectively, and corresponded to the specific combinations of the cytokines found in 
the diluted MCM-LPS and MCM-LPS-Cs, measured by ELISA. Collagenase activity was determined 
using radiolabeled type I collagen gels as substrate. The data are expressed as means and standard 
deviations of triplicate cultures of a representative experiment. 

tration increased, a lesser degree of inhibition (or, in the case of "Fa, no change or 
stimulation) of cytokine production was seen (Fig. 2a,b). 

Although 50 ng/rnl Cs caused the greatest inhibition of IL-1p and TNFa 
production, the corresponding MCM-LPS-Cs caused the least diminution (16%) of 
the collagenase stimulation caused by the MCM-LPS (no Cs) (Fig. 1). This suggested 
that a factor(s) other than, or in addition to, IL-1p and TNFa was responsible for the 
stimulation of GN 23 collagenase activity and raised the possibility that the synthesis 
and/or release of this factor(s) might also be altered by exposure of the monOcytes to 
Cs. 

To investigate further the roles of IG lp  and TNFa in the stimulation of gingival 
fibroblast collagenase activity, we tested hrIL-lP and hrTNFa, alone and together, for 
their effects on collagenase activity. Neither hrIL-1p nor hrTNFa, alone or in specific 
combinations found in the MCM-LPS and MCM-LPS-Cs, was able to stimulate 
collagenase activity or alter it as did the crude MCM-LPS and MCM-LPS-Cs (Figs. 1, 
4,5). In other studies, IL-lp stimulated collagenase activity in gingival fibroblasts [SS], 
skin fibroblasts [21], and synovial fibroblasts [a], at levels from as low as 25 pg/rnl to as 
high as 2,500 pg/d, and Dayer et al. [61] showed that TNFa stimulated dermal 
fibroblast collagenase activity when used at approximately 50 ng/d. 

The lack of collagenolytic response to IL-lP and TNFa of the GN 23 strain could 
be due to several factors. For example, it may be caused by a strain-specific lack of 
susceptibility to these cytokines, since there are variations among individuals in 
cellular response to other agents, such as Cs [62], in terms of response/nonresponse 
and also in terms of magnitude and direction [51]. The amounts of IL-lp to which this 
strain was exposed were comparable to levels that stimulated collagenase in other 
studies [21,58], although the levels were much lower than those used in studies in 
which IL-1 p stimulated gingival fibroblast hyaluronic acid synthesis [63], plasminogen 
activator [a ] ,  or prostaglandin E, [65]. The amounts of TNFa used in this study were 
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much lower (pglml level) than the amount used in a study in which TNFa stimulated 
dermal fibroblast collagenase (ng/ml level) [61]. The GN 23 strain may indeed respond 
collagenolytically to much higher levels of I L l p  and TNFa than those used in this 
study, but nevertheless it did not exhibit increased collagenase activity when exposed 
to the recombinant cytokines at levels present in the stimulatory MCM-LPS or 

Human fibroblasts have relatively high numbers of IGlP receptors compared 
with lymphoid cells [66]. Two human gingival fibroblasts strains were found to have 
from 5,000 to 15,000 IGlP receptors/cell [67], and it has been suggested that IG1 
action on fibroblasts is regulated at the level of receptor expression [68]. Tsujimoto et 
al. [69] reported the presence of high-afFinity (K,, = 3.2 x lo-'' M) receptors for 
human TNFb on human fibroblasts, with approximately 7,500 binding sitedcell. The 
number and afFinities of IGlP and TNFa receptors on the GN 23 strain is unknown, 
but a reduction in the numbers and/or affinities of these receptors, compared with 
susceptible fibroblast strains, might account for the lack of GN 23 response to I L l p  
and TNFa. Whereas the GN 23 strain as a whole may be nonresponsive to I L l P  and 
TNFa, it may contain clone(s) that, when isolated, might respond collagenolytically to 
these cytokines. Korn et al. [38] have demonstrated fibroblast clonal heterogeneity in 
response to mononuclear cell mediators, and clonal interactions within the mass strain 
may suppress the effects of IGlp  on the responsive clones [38,70]. We are currently 
deriving clones of normal gingival fibroblasts to test their responses to Cs-treated 
monOcyte supernatants and recombinant cytokines. 

Finally, the lack of collagenolytic effect of hrIGlp and hrTNFcx may be a 
reflection of culture conditions. All the media used in supernatant production and 
collagenase activity determination were serum free. Bartold has shown that IGlp  
stimulates fibroblast proliferation, but this effect was not evident in the absence of 
serum, indicating that the serum contained some factor(s) that augment the biological 
effect of IL-lp [71]. Singh et al. [72] likewise suggested that the collective action of two 
macrophage-derived monokines (IL1 f3 and macrophage-derived growth factor) may 
constitute a system for the proliferative response of fibroblasts to IGlp. This may be 
the case with the stimulation of GN 23 collagenase activity by MCM-LPS. It appears 
that cytokines have an extremely complex and interrelated action network, with 
multiple overlapping actions, induction of other cytokines, and synergistic or inhibitory 
effects with one another [73, and references therein]. The MCM-LPS apparently 
contain the complex mixture of these cytokines necessary to stimulate GN 23 collage- 
nase activity. 

The removal of IGlP from this mixture by afFinity chromatography did not 
diminish and indeed somewhat enhanced the stimulatory effect of the MCM-LPS on 
collagenase activity. We also obtained two batches of MCM-LPS, which, though 
activated to similar extents, differed tenfold and threefold in their levels of IGlP and 
TNFa, respectively. Both, however, significantly (P < 0.005) stimulated GN 23 colla- 
genase actively to about the same degree (data not shown). These data further suggest 
that among the cytokines and factors necessary for this stimulation, I L l p  and TNFa 
are not required with this fibroblast strain. This would explain the observation that the 
MCM-LPS-Cs in which there was the greatest inhibition of I L l p  and TNFa produc- 
tion had almost the same stimulatory effect as the IGlp-rich MCM-LPS, as well as the 
observation that two MCM-LPS, which differed in their levels of IGlp and ma, 
both signiticantly stimulated collagenase activity to about the same extent. 

MCM-LPS-Cs. 
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Therefore, in addition to IL-1p and Cs may affect an additional cyto- 
kine(s) that acts to stimulate collagenase activity. The inhibition of the production of 
this cytokine(s) may be responsible for the diminished ability of Cs-treated monocytes 
to stimulate collagenase activity of susceptible fibroblast strains, and we are currently 
investigating this possibility. Such strain-specific collagenolytic responses of gingival 
fibroblasts to direct effects of Cs, as well as differences in response to regulatoy 
cytokines whose production is affected by Cs, may in part account for the obsemation 
that only a portion of patients on Cs therapy develop fibrous gingival enlargement. 
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