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ABSTRACT

The side-effects of cyclosporine A (CsA), nifedipine
and phenytoin on gingiva are very similar. The pronounced
feature of the drug-associated gingival hyperplasia is an
increase in collagen content in the tissue. The aims of the
studies were to investigate the cellular mechanism of drug-
associated gingival hyperplasia by testing the effects of
cyclosporine A on some of the biological functions of human
gingival fibroblasts, and to compare some of the effects with
those of nifedipine and phenytoin.

The studies were carried out by culturing human gingival
fibroblasts explanted from non-CsA-treated normal gingival
tissue and CsA-treated patients' tissue with or without
hyperplasia (CsA-responder or CsA-non-responder cell strains).
The results showed that cyclosporine A, nifedipine and
phenytoin did not affect proliferation of fibroblasts.
Cyclosporine A had no effect on [Caa]i. Cyclosporine A
slightly enhanced phagocytosis of latex beads. Cyclosporine
A was rapidly taken up into the cells and highly concentrated
in the cytosol. Ouabain did not affect this process. The high
affinity cytosolic CsA-binding site has a K, of 2.6x107 M.
Although cyclosporine A did not inhibit collagenase activity
per se, it reduced concanavalin A (ConA)- or human recombinant
interleukin 1a (IL-1a)-, but not hriIL-18-, stimulated

collagenase production by fibroblasts. Cyclosporine A



inhibited the degradation of fibrillar collagen by fibroblasts
in a dose-dependent manner in all the strains tested.
Nifedipine or phenytoin were weaker than cyclosporine A in
normal cell strains, while neither nifedipine nor phenytoin
had this effect in the CsA-responder cell strains. However,
nifedipine and phenytoin both inhibited ConA-induced
collagenase production by both normal and CsA-responder cells.
Unlike cyclosporine A, which inhibited all the cell strains
tested, this effect of nifedipine or phenytoin was cell
strain-dependent.

Our results suggest that cyclosporine A, nifedipine or
phenytoin can directly act on the fibroblasts but the precise
molecular mode of action of each of these drugs may be
different. By being passively transported into the cells and
concentrated in the cytosol, cyclosporine A most likely acts
in the cytoplasm. We concluded that cyclosporine A, nifedipine
or phenytoin can depress degradation of <collagen by
fibroblasts to a certain extent. This could partially explain
the collagen accumulation in these drug-associated gingival

hyperplasia tissue.
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CHAPTER I

GENERAL INTRODUCTION

1.1 BACKGROUND

Cyclosporine A (CsA) is a metabolite of the fungus,

Tolypocladium inflatum Gams (Borel, 1982). It is a cyclic

undecapeptide (Figure 1.1) and seven of its amino acids are
hydrophobic (Wenger, 1982). It is widely used in the clinic
as an immunosuppressive drug, for the prevention of organ
rejection (Calne et al., 1981) and treatment of some kinds of
autoimmune disease (Feutren et al., 1986). The side-effects
of CsA treatment at therapeutic concentrations include
nephrotoxicity, hepatotoxicity, hirsutism, arteriolar and
venous thrombosis, and gingival hyperplasia (Bennett and
Norman, 1986). This CsA-induced gingival hyperplasia (CsA-GH)
resembles the much longer studied phenytoin- (PHT) and
recently found nifedipine-(NF) induced gingival hyperplasia
(PHT-GH, NF-GH) (Butler et al., 1987).

CsA is biotransformed in liver. The metabolites are
excreted mainly by biliary excretion and a small amount by
urinary elimination (Wood et al., 1983). The primary
metabolites found in human urine are metabolites 1, 17 and 21
(Figure 1.2) (Lemaire et al., 1986). The major metabolites in

urine are the primary metabolite 17 and its secondary
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NH (a-aminobutyric acid) to C=0 (val-5);
NH (val-5) to C=0 (aminibutyric acid);
NH (Ala-7) to C=0 (Methylval-11);

NH (D-Ala-8) back to the C=0 (MethylLeu-6).

Figure 1.1 Chemical structure of cyclosporine A (CgH;;,04y5;
M.W. 1202 Dalton). Cyclosporine H, an immune inactive analog
of cyclosporine A, has a L to D stereoisomerization of
methylvaline at position 11 (Wenger, 1982; Wartburg and

Traber, 1986).
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Figure 1.2 The biotransformation of cyclosporine A in vivo.
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metabolite 8 (Lemaire et al., 1986). Transformation reactions
of CsA are restricted to N-demethylation, hydroxylation and
cyclization of 4 amino acids, namely 1, 4, 6 and 9 (Maurer et
al., 1983) (Figure 1.2). All the metabolites preserve the
cyclic oligopeptide structure of CsA. They are still
hydrophobic but have sufficient water-~solubility to be
eliminated from bile or urine (Lemaire et al., 1986). The
immunosuppressive activity of all of the metabolites is very
low and should not have a significant effect on the immuno-
suppressive treatment in vivo (Lemaire et al., 1986). The
therapeutic serum levels of CsA are recommended to be 100 to
300 ng/mL (Bowers and Canafax, 1984).

Phenytoin (5,5-diphenylhydantoin, or dilantin) is an
anticonvulsant drug which is most often used in the control
of epileptic seizures (Goodman and Gilman, 1975). Nifedipine
is a dihydropyridine and is an increasingly popular medication
applied in the treatment of vasospastic angina, chronic stable
angina and ventricular arrhythmias (Karlsberg and Aronow,
1982). The chemical structures of NF and PHT are shown in
Figures 1.3 and 1.4, respectively (Triggle, 1982; Goodman and
Gilman, 1975).

The therapeutic serum levels of PHT and NF are 10 to 30
pg/mL and 0.025 to 0.1 pg/mlL, respectively (Drug: Facts and

Comparison, 1987).
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Figure 1.4 Chemical structure of phenytoin.



1.1.1 The problem: Cyclosporine A-, nifedipine~ and
phenytoin-induced gingival hyperplasias.

During CsA treatment, about 70% of the CsaA recipients
develop gingival hyperplasia (GH) (Daley et al., 1986). For
PHT-GH, it was reported that the incidence was 0 to 84.5%
(Angelopoulos and Goaz, 1972). This great variance is probably
due to the different number of patients observed and non-
standardized criteria for grading of the hyperplasia
(Angelopoulos, 1975). Most authors estimate that the incidence
of PHT-GH is about 40% to 50% (Angelopoulos, 1975; Hassell,
1981). There is no information in the literature on the
incidence of NF-GH.

The mechanism of these drug-associated gingival
hyperplasias (GH) is unknown. The clinical manifestations,
histopathological characteristics and treatment of these three
types of drug-associated GH are very similar (Livingston,
1970; Shafer et al., 1983; Wysocki et al., 1983; Rateitschak-
Pliiess et al., 1983; Lucas et al., 1985; Rostock et al., 1986;
Delilers et al., 1986; Barak et al., 1987; Butler et al.,
1987). It is a chronic process and usually occurs after one
to several months' administration of the drugs. To the naked
eye, it appears as nodular processes in the gingivae, usually
starting on the labial surface of interproximal papillae, more
commonly in association with the anterior teeth. The gingival
tissues are dense, resilient and usually show no tendency to

bleed. All three types of drug-associated GH usually exhibit
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Figure 1.5 Diagrammatic illustration of the degrees of

gingival hyperplasia.

a fibroepithelial hyperplasia. There is a thickening of
stratified squamous epithelium, mainly in the spinous layer,
with slight to moderate parakeratosis. Some areas of the

epithelium show attenuated and elongated 'rete peg' ridges,
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which penetrate the underlying lamina propria. In the
subepithelial connective tissues, few or many fibroblasts have
been reported in different case reports. Collagen content
increase is one of the major features and it is sometimes in
the form of irregularly arranged dense bundles. A slight to
moderate infiltration or focal accumulation of inflammatory
cells, consisting primarily of plasma cells is not unusual.
The severity of the GH can be graded into 4 degrees (Figure
1.5) (Panuska et al., 1960). The treatment procedures for all
these three types of drug-associated-GH include the
maintenance of good oral hygiene; and, if it is severe,
surgical excision of overgrown gingival tissue. Recurrence is
common but natural recession occurs after terminating Csa, NF

or PHT treatment.

1.1.2 Pharmacology of cyclosporine A, nifedipine and
phenytoin.

It is useful to understand the pharmacology of CsA, NF
or PHT before investigating their side-effects on gingiva.
However, the immunology of lymphocyte activation,
transplantation rejection and autoimmune disease are very
complicated issues and not well understood yet, neither are
the pharmacological effects of CsA on these systems.

The effect of CsA in the immune system mainly involves
the inhibition of the early events of lymphocyte activation

(Klaus and Chisholm, 1986). Effects of CsA on T lymphocytes
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include blocking interleukin-2 (IL-2) and gamma-interferon
production at the mRNA level in helper T lymphocytes and IL-2
receptor formation in cytotoxic T lymphocyte membranes.
However, CsA does not affect the functionally active
macrophages and cytotoxic T cells. It is still controversial
whether CsA can interfere with the function of antigen
presenting cells (APC) (Borel, 1988). Recently, Yoshimura et
al. (1988) reported that human peripheral blood lymphocytes
from patients treated with CsA (100 to 200 ng/mL in serum
level) showed significant reduction of gamma-interferon, IL-
1 and IL-2 production. It is now established that CsA is not
only a T lymphocyte selective agent, it can affect B cells,
fibroblasts and epithelial cells (Aszalos, 1988).

Its precise mode of action at subcellular and molecular
levels remains unclear. There are no specific receptors for
CsA in cell membranes (LeGrue et al., 1983). However, it can
slightly decrease the fluidity of the cell membrane (Matyus
et al., 1986). To locate the possible site of CsA action, its
effects on some processes which are involved in the normal
lymphocyte activation have been studied. CsA does not affect
inositol phosphate breakdown, cyclic nucleotide regulation and
phosphokinase C activity (Aszalos, 1988). Although CsA binds
to cyclophilin with high affinity (Handschumacher et al.,
1984), this protein was recently characterized as a non-
specific enzyme: peptidyl prolyl cis/trans isomerase (PPI)

(Schmid et at., 1989). Thus, the pharmacological significance
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of CsA-cyclophilin binding is unknown. Colombani et al. (1985)
reported that CsA binds to calmodulin (CaM), an intracellular
ca? regulatory protein, and inhibits calmodulin-activated
phosphodiesterase (PDE) activity in vitro. The argument
against CsA-CaM binding being relevant to its action is that
the immunologically inactive CsA analog cyclosporine H (CsH)
also binds to CaM with a similar affinity to that of CsaA
(LeGrue et al., 1986). The binding of CsA to CaM does not
inhibit the activity of PDE, nor affect smooth muscle
contraction which is related to the Ca&—CaM—dependent myosin
light chain kinase (LeGrue et al., 1986). It is postulated
that CsA probably binds to Ca®*~calmodulin complex via a
hydrophobic interaction and stabilizes it. This CsA-Ca?*-
calmodulin complex may be functionally inactive in some
processes (P.G. Scott, personal communication). The
responsiveness of events in lymphocyte activation to CsA is
stimulating~agent dependent. The present results from the
literature suggest that if the stimulating path of lymphocyte
activation is ca? influx-dependent, such as the proliferation
of T cells in response to the stimulation by ConaA
(concanavalin A), PHA (phytohemoagglutinin) and calcium
ionophore A23187, it is CsA-sensitive; whereas, if it is
through the protein kinase C pathway, for example, LPS-
(lipopolysaccharide) or phorbol ester-stimulated T cell
activation, it is rzlatively CsA-resistant (Aszalos, 1988).

However, there is evidence that CsA does not directly affect



intracellular free calcium ion concentrations ([Caa]i) in
primary cells nor the A23187-induced ca® influx (Aszalos et
al., 1987). Only under certain circumstance, such as
pretreatment of lymphocytes with CsA (1 pg/mL) for 30 min,
does it inhibit [Ca?']i changes during PHT activation (Gelfand
et al., 1987). Biologically inactive CsH does not interfere
with this effect (Aszalos, 1988). There is thus considerable
disagreement on this issue. It could be clarified by re-
examining the [Cca®*]i in different cell activation modes. It
is not clear whether the effects of CsA at all of the above
cellular and molecular action points are related to its
pharmacological action.

NF is a calcium channel blocker and its effect on
myocardial cells and vascular smooth muscle cells is to cause
relaxation due to electromechanical uncoupling (Triggle,
1982). The process of calcium mobilization in a cell usually
involves the activation of two discrete calcium channels
(Bolton, 1979; Meisheri et al., 1981). One is the potential-
dependent channel (PDC), which is activated by membrane
depolarization and initiates a process of electromechanical
coupling. The other is a receptor-operated channel (ROC)
activated by membrane receptors that are independent of
membrane potential. The latter may be related to the pharmaco-
mechanical coupling process. Unlike some divalent or trivalent
cations (Mn%, Co%®, La*) which can bind to the calcium channel

and thus block it, NF is a neutral molecule that is unlikely
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to act via binding to the channels (Rosenberger et al., 1979).
NF is believed to act on the PDC (Triggle, 1982). More
precisely, NF blocks the ''slow inward current" of a cardiac
cell, i.e., the current when the cell is depolarized from -20
to 0 mV during the action potential (Antman et al., 1980).
The cellular membrane channels carrying this slow inward
current are also termed ''calcium channel" since the major
ionic species crossing the cell membrane during this period
is ca® (Reuter, 1979; Beeler and Reuter, 1977).

It is well established that PHT blocks sodium channels
in a manner similar to that of tetrodotoxin and thus shows a
marked reduction of sodium influx in the nerve membrane
(Woodbury, 1982a). This effect may be potential-dependant
(Schwartz and Vogel, 1977). PHT also has a marked inhibitory
effect on calcium influx in synaptosomes, either directly
acting on calcium transport or acting secondarily to the
decrease in passive sodium influx (Baker and Blaustein, 1968;
Blaustein and Weismann, 1970; Lowe et al., 1976). PHT can
increase Na'-K' transport in epithelial cells, probably due
to activation of the Na'-K'-ATPase or increase in its synthesis
(Woodbury, 1982a). Several neurotransmitters are affected by
PHT (Woodbury, 1982a). For example, PHT deceases the uptake
of norepinephrine as well as inhibiting its secretion, a
process which is Caaldependent. It may also suppress the
degradation of norepinephrine by monoamine oxidase. The uptake

of amino acid by the synapse is increased, a process
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subsequent to the sodium gradient increase across the cell
membrane. The effect of acetylcholine on the increase of
sodium pe-meability of postsynaptic membrane is also inhibited
by PHT. The marked membrane-stabilizing effect of PHT may be
responsible for its anticonvulsant action (Woodbury, 1982a).

After absorption into the circulatory system and entrance
into tissue, PHT is rapidly and reversibly bound to proteins.
About 90% of PHT in central nerve system binds to brain tissue
(Woodbury, 1982b). The binding of PHT to protein is relatively
non-specific (Goldberg, 1980). At the subcellular level, PHT
can bind to the microsomal fraction of brain homogenates
(Woodbury, 1980). It also shows an inhibition of protein
synthesis in brain tissue in in vivo studies (Jones and
Woodbury, 1976). The polymerization of microtubules is also
inhibited by the drug (MacKinney et al., 1975). Another
important intracellular effect of PHT is that it selectively
inhibits cyclic AMP and cyclic GMP elevation caused by some
agents that induce cellular depolarization, such as ouabain,
veratridine, glutamate and high concentrations of K
(Ferrendelli, 1980). Whether all the above effects of PHT on
brain tissues are related to its anticonvulsant activity is

not clear.
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1.1.3 Review of research on drug-associated
gingival hyperplasia: The direct effects of
cyclosporine A, nifedipine and phenytoin on
gingival fibroblasts.

The most often used model adopted for the studies of
these drug-associated gingival hyperplasias in vitro is to
culture gingival fibroblasts explanted from normal human
individuals or CSA-, NF- or PHT-treated patients or animals
under defined conditions. Some biological and biochemical
parameters which are directly or indirectly relevant to
collagen metabolism can be obtained.

There are reports that PHT has no effect (Keith et al.,
1977), decreases (Noess, 1969) or increases (Rose and
Robertson, 1977) the proliferation of fibroblasts. Fibroblasts
from PHT-GH responder cells strains showed elevated levels of
total protein synthesis in culture in the absence of PHT
(Hassell et al., 1976; Benveniste and Bitar, 1980). About 20%
of the total newly synthesized protein is collagen (Hassell
et al., 1976) and this is due to an increased steady state
level of collagen mRNA (Narayanan et al., 1988). The synthesis
of GAG (glycosaminoglycans) by the PHT-GH responder cells was
also increased in the absence of PHT, as measured by 358042'--
incorporation into the cultured fibroblasts (Kantor and
Hassell, 1983). There were reports showing that both the
degradation of collagen by gingival tissue and the production

of collagenase by the PHT-GH responder cells or PHT-treated
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normal fibroblasts were reduced (Goultschin and Shoshan, 1980;
Hurum et al., 1982; Zebrowski et al., 1988). Hassell (1982)
also reported that collagenase secreted by the fibroblasts
from PHT-GH responder cell strains was mainly inactive. The
above results on collagen catabolism are also supported by
electron microscopy studies which showed that the numbers of
phagolysosomes were decreased (Hall and Squier, 1982).

So far in the literature, experimental pathology studies
of CsA-GH or NF-GH are fewer than those of PHT-GH, but some
similar results have been seen. Both increases and decreases
in proliferation of fibroblasts were reported (Zebrowski et
al., 1988; Zebrowski and Singer, 1989). For effect of CsA on
collagen synthesis, both increases and decreases have been
seen (Coley et al., 1986; Tipton and Dabbous, 1986). The
synthesis of the constituents of extracellular matrix in CsA-
treated fibroblasts is also increased (Zebrowski and Singer,
1989). The phagocytosis of collagen fragments by fibroblasts
in CsA-GH tissue was decreased (McGaw and Porter, 1988).
zebrowski et al. (1988) showed that CsA (250 ng/mL and 500
ng/mL) had no effect on collagenase activity, while NF (100
and 200 ng/mL) increased its activity. Tipton et al. (1989)
showed that the CsA decreased collagenase activity in the
medium from some fibroblasts cultures in a dose-dependent
manner. In a recent report, CsA (100 to 200 ng/mL) was not
found to affect the cellular cyclic AMP level in human

gingival fibroblasts (Metzler et al., 1989). CsA did not
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directly interfere with the production of prostaglandin E by
human gingival fibroblasts in vitro (Roberts et al., 1989).
Although more and more information on drug-associated GH has
been accumulated, little is known about the precise mechanism

of CsA-GH, NF-GH or PHT-GH.

1.2 HYPOTHESIS

The work discussed above suggests that CsA, NF or PHT
directly interfere with gingival fibroblast metabolism. In
addition to its effect on collagen synthesis (see above), CsA
may also inhibit collagenase production under certain
circumstances, thus contributing in more than one way to
collagen accumulation in gingiva. Furthermore, for regulation
of collagenase producticn, we propose that calcium influx may
serve as a signal in the fibroblasts. CsA may interfere with
this process. NF or PHT may affect collagen metabolism in a
similar manner. At least, they are similar in outcome even if

their intracellular mechanisms differ.

1.3 PURPOSE AND STRATEGY OF THE STUDY

This study was designed to test for certain direct

effects of CsA, and to a limited extent NF and PHT, on the
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functional properties of gingival fibroblasts. The following
experiments were carried out: (i) the effect of CsA, NF or PHT
on the proliferation of gingival fibroblasts; (ii) the effect
of CsA on the phagocytosis of latex beads by the cells; (iii)
the effect of CsA on intracellular calcium concentrations
([ca®*1i) and on calcium ionophore-induced [Ca®*]i changes;
(iv) the kinetics of CsA uptake, distribution of CsA and the
CsA-binding molecule(s) in the fibroblasts; (v) comparison of
effects of NF or PHT with CsA on the degradation of fibrillar
collagen; and (vi) the effects of CsA, NF or PHT on
stimulation of collagenase production.

The first two steps in the studies would help us to
understand whether CsA can simply interfere with obvious
biological functions of fibroblasts, such as cell
proliferation and phagocytosis. Since NF and PHT are believed
to affect calcium channels in myocardial cells and nerve cells
respectively (see above), it would be interesting to know
whether CsA can interfere with [Ca®]i in fibroblasts. If it
does, it would suggest that these drugs have a common mode of
action in drug-associated GH. Then we moved on to study the
kinetics of uptake of CsA and to localize the possible
CsA-binding molecule(s) in the cell. This would give us an
idea whether CsA can directly affect the fibroblasts. Finally,
we focus on the studies of the effect of CsA, NF or PHT on the
degradation of collagen fibrils and collagenase activities in

the medium.
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1.4 CONTRIBUTION AND SCOPE

Through this project, we hope to contribute to a better
understanding of the effects of CsA, NF and PHT on gingival
fibroblasts, especially on the degradation of collagen. We
also expect to learn of the similarities and differences in
the effect of CsA, NF and PHT on the catabolism of collagen
by the fibroblasts. Thus it would help us to explain the
mechanism of these drug-associated GH at a cellular physiology
level, but not at the precise molecular biology level.

One of the very important things that is still not
understood is the precise molecular mechanism of regulation

of collagenase production in vitro or in vivo. Although it is

a critical point in studies of the mechanism of these drug
associated-GH, the problem is too complicated to be solved
systematically in a short period of time. In the following
paper (Chapter II), we study only one of these possible action
modes potentially related to the regulation of collagenase
production, i.e. the relationship of [ca®]i to CsA action,
which is possibly an action mechanism, if they are the same,
common to all three drugs (see above). If we cannot prove this
point, we do not intend to go on any further in this
direction.

Collagen metabolism involves the balance of collagen

synthesis and catabolism in yivo. Although fibroblasts are the

major source of collagenase which is most important to the
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collagen metabolism in soft connective tissue, other types of
cell such as epithelial cells, polymorphonuclear (PMN)
leukocytes and macrophages or monocytes also contribute to
collagenase production under certain circumstance (for a
review, see Woolley, 1984). Other indirect factors, such as
the inhibition of IL-1 production in monocytes by CsA at low
concentration (50 ng/mL) (Tipton et al., 1989) may also play
a significant role in the drug-associated GH.

We do not intend to cover every aspect of all the
possible action points of CsA. We would not compare every
effect of CsA on fibroblasts tested with NF and PHT either.
However, by combining with other published results, we believe
it would give us a more comprehensive picture of the CsA-GH

story and some more information on NF-GH and PHT-GH.
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CHAPTER II
EFFECTS OF CYCLOSPORINE A ON SOME OF THE

BIOLOGICAL FUNCTIONS OF GINGIVAL FIBROBLASTS IN VITRO

2.1. INTRODUCTION

Cyclosporine A (CsA) is widely used as an immuno--
suppressive drug for the prevention of graft rejection. The
side effects of CsA therapy include gingival hyperplasia,
nephrotoxicity, hepatotoxicity, hirsutism, arteriolar and
venous thrombosis, neurotoxicity and hypertension (Bennett and
Norman, 1986). Gingival hyperplasia seems to occur to some
degree in up to 70% of patients receiving CsA (Daley et al.,
1986). Clinically and histopathologically, this condition
resembles the much longer-studied phenytoin-associated
(Wysocki et al., 1983) and the recently found nifedipine-
associated, hyperplasia (Lucas et al., 1985). The cellular
mechanism of the effect is unknown. Fibroblasts are believed
to play an important role in CsA-associated gingival

hyperplasia. Therefore, one approach adcpted in a number of

Abbreviation: EGTA, ethylene glycol bis {B-aminoethylether)-N,N,N'N'-tetraacecic acid. Fura 2, 1-[2-
(5-carboxyoxazo1-2-y1)-6-ami nobenzofuran-5-oxy]~2-(2'-amino-5'-methy1phenoxy)-ethane-N,N,N' +N'-
tetraacetic acid. HEPES, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid. Quin 2, 2-{[2-
bis(carboxymethy1)-ami no-5-methyphenoxy]-mehty]}-6-methoxy-8-bis-( carboxymethy1)-aminoquinoline.

R.T., room temperature.

34
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laboratories has been to investigate the effects of CsA on

the metabolism of gingival fibroblasts in vitro.

We proposed that if CsA enhanced fibroblast
proliferation, it might be responsible for the increases of
connective tissue production in CsA-induced gingival
hyperplasia (CsA-GH). Another possible mechanism of CsA-GH
could involve the inhibition of phagocytosis, which might be
physiologically important for fibroblasts in vivo (Woolley,
1984). To assess whether CsA acts via a similar mechanism in
the fibroblast membrarie as the calcium channel blocker
nifedipine does in myocardial cell (Antman et al., 1980), the
[Caa]i (intracellular free calcium ion concentration) can be
measured with calcium ion fluorescent chelators Quin 2 or Fura
2.

Quin 2, a tetracarboxylic acid, binds ca® with 1:1
stoichiometry. The acetoxymethyl ester Quin 2/aM, which can
not bind to Ca&, can easily diffuse through the cell membrane
and then be hydrolysed into Quin 2 by esterase in the cytosol
(Fig.2.1). It is thus trapped inside the cytosol but not bound
to membranes nor sequestered inside organelles (Tsien, 1980;
Tsien et al., 1982). The Quin 2-ca® complex has a 5-fold
greater fluorescence than Quin 2 or Quin 2/aM (Tsien et al.,
1982).

Similarly, the new calcium fluorescence dye Fura 2/AM,
the acetoxylmethyl ester form of Fur: 2, permeates the cell

membrane and is trapped inside the cytoplasm as Fura 2
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(Grynkiewicz et al., 1985; Tsien et al., 1985). The chemical
structures of Fura 2/AM and Fura 2 are shown in Figure 2.2
(Grynkiewicz et al., 1985; Tsien et al., 1985).

The advantages of Fura 2 over Quin 2 are higher
fluorescence and quantum yield, lower affinity but higher
selectivity for ca®* over other divalent cation, and the
excitation spectrum of Fura 2 shifting to a longer wavelength
on binding Caa'(Grynkiewicz et al., 1985; Tsien et al., 1985).
However, the leakage problem for Fura 2 is more severe than
that for Quin 2 (Malgaroli et al., 1987).

In the present studies, we investigated the direct effects
of CsA on the growth of gingival fibroblasts, on the ability

to phagocytose and on [Ca®]i.

2.2. MATERIALS AND METHODS

2.2.1. Materials.

Dulbecco's modified Eagle medium (DMEM) powder,
sterilized fetal calf serum (FCS) were from GIBCO
Laboratories, Life Technologies Inc., Grand Island, NY., USA.
The disposable, sterilized tissue culture supplies (e.g. 75
cm? cell culture flasks, flat bottom 24-well or 6-well plates,
petri dishes, 15 mL or 50 mL centrifuge polystyrene tubes,
cryotubes, 10 mL glass pipettes) were from Corning (NY.,USA),

Linbro (Flow Laboratories Inc., McLean, Virginia, USA), Falcon
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(Becton Dickinson and Corp.. CA., USA), Fisher Scientific
(NJ., USA), Nunc (Denmark) and KIMBLE (Ohio, USA). Sterile
Millex-GS™ and Sterivex-GS™ (0.22 pm) filters were f£from
Millipore ©Products division, Bedford, MA, USA. Dry
cyclosporine A was a gift from Sandoz Ltd., Basel,
Switzerland. Trypsin (1:250) was from DIFCO Laboratories,
Michigan, USA. Penicillin-G, gentamycin sulfate, fungizone,
Quin 2/AM, Fura 2/AM, A23187, and EGTA were from Sigma
Chemical Corp., St. Louis, MO., USA. Polystyrene monodisperse
latex ( 50.87 ym in diameter, S.D.=0.11) was from Polysciences
Inc., Warrington, PA, USA. Triton X-100 (electrophoresis
purity reagent) was from Bio-Rad Laboratories, Richmond, CA.,
USA. Other chemicals were from Fisher Scientific.

The medium (DMEM-0) was made from DMEM powder
supplemented with NaHCO; (3.7 g/L), HEPES (4.7 g/mL),
penicillin-G (100 mg/L), gentamycin sulfate (50 mg/L), and
fungizone (20 mg/L), and passed through a Sterivex-GS" filter
(0.22 um) under sterile conditions. The DMEM-10 was made from
DMEM-0 with 10% (v/v) FCS and used as growth medium. The stock
CsA solution was made in 95% ethanol. The final concentration
of ethanol in the growth medium was always < 0.1%, a level
which has no effect on the proliferation or viability of
gingival fibroblasts (A. Douglas and P. G. Scott, unpublished
data). Phosphate buffered saline (PBS, pH 7.4) contained 137
mM NaCl, 3 mM KCl, 4 mM Na,H?0,.7H,0 and 15 mM KH,PO, and was

sterilized by autoclave. The physiological saline (PS
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solution, pH 7.4) contained 145 mM NaCl, 5§ mM KCl, 1 mM
Na,HPO,.7H,0, 1 mM CaCl,, 1 mM MgSO,, 0.5 mM B8-(D)(+)-Glucose
and 5 mM HEPES and was sterilized by passing through a
Sterivex-GS™ filter (0.22 um). Stock EGTA solution was 100 mM
in Tris-HCl buffer (pH 8.5). Triton X-100 was diluted to 5 or
10% (v/v) with distilled water. Stock trypsin solution was
prepared at a concentration of 2.5% (w/v) in PBS, passed
through a Millex-GS™ filter (0.22 pm) under sterile condition
and stored at -20°C. This was thawed and diluted with PBS to

give a working solution at 0.25% (w/v).

2.2.2 Gingival fibroblasts: primary explantation, storage,
passage and culture.

The methods were derived from Freshney (1983) and Nakano
and Scott (1985). Human gingival tissue removed during
periodontal surgery was washed several times with DMEM-10 and
sliced into small pieces about 1 mm>. The tissue pieces were
rinsed with 20 mL of DMEM-10 five times and recovered by low
speed (1000 rpm, R.T.) centrifugation (Model HN-S centrifuge,
from International Equipment Company, MASS., USA). Three or
four pieces of the tissue were placed in a petri dish and
immobilized with a glass cover slid with a drop of sterile
grease. DMEM-10 (3 mL/dish) was added and the dishes were
placed into a cell culture incubator for four weeks. The cell

culture incubator (Forma Scientific or National CO, incubator)

was always set at 37°C, 95% air, 5% CO,, 1 atmosphere and 95%
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humidity. The DMEM-10 was changed every 7 days for the first
two weeks' culture and every 3 to 4 days at later stages.
When the fibroblasts were confluent they were harvested
with 0.25% trypsin solution at R.T. Addition of 10 mL DMEM-10
within 5 min was used to terminate the action of trypsin and
the cells were recovered by centrifugation (2500 rpm, 10 min,
at R.T.). The cells were passaged into 75 cm® flasks (labelled
"P1") at about 5x10° cells/flask and grown in DMEM-10 for 2
weeks. The fibroblasts were harvested again and then
resuspended in fresh DMEM-10 supplemented with 10%(v/v) DMSO
(dimethyl sulfoxide) at a density of 1 to 5x10° cells/mL. The
cell suspension was transferred to Nunc cryotubes (1.0 to 1.5
mL/vial) which were put in a -50°C freezer overnight. The
tubes were then transferred into liquid nitrogen for long term
storage. Cell strains were obtained from hyperplastic gingiva
of organ transplant patients receiving CsA (responder cell
strains), non-hyperplastic gingiva in the CsA-treated patients
with hyperplasia at other locations or CsA-treated patient
without hyperplasia at all (non-responder cell strain), and
from clinically non-inflamed tissue from individuals not

receiving CsA therapy (normal cell strains} (Table 2.1).
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Table 2.1 Human gingival fibroblast cell strains used for

in vitro study.

Classification Name of the cell strains

Responder cell strain HUGE-7B
CSa-8
CsA-11

CSA-12

Non-responder cell strain HUGE-7A

HUGE-6

Normal cell strains N1106
N1806
N606B
HUGE-5
HUGE-12

HUGE-15

HUGE-7A and HUGE-7B were from the same CsA-treated patient.

In order to assess effects of CsA on fibroblast
proliferation, a suspension (1 mL) containing about 0.5x10%
cells/mL was added to each well of a 24-well plate. Medium

was replaced at day 1 and every 2 to 3 days during the culture
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period, at which time cells were harvested from two wells.
The samples were centrifuged briefly (Microfuge, Beckman) and

the supernatants were discarded. Each sample was resuspended

™ solution (Fisher)

in 1 mL PBS and mixed with 19 mL Isotone
and counted eink* times with a Coulter counter (model ZM).

In orde- . v the phagocytic activity of fibroblasts,
cells were cu with pclystyrene latex beads in DMEM-10,
as descriied a -:. The medium was prepared by adding 18 drops
of polystyrene lztex beads to 30 mL DMEM-10. After thorough
mixing and standing at R.T. for 30 min, the tubes were
centrifuged at 2500 rpm for 20 min at R.T. The supernatant was
discarded. The beads were washed twice more with 30 mL DMEM-
10. The final suspension contained 3.3x10° beads/mL.

When the fibroblasts grown in DMEM-10 in 6-well plates
were ctonfluent, the medium was replaced with fresh DMEM-10
containing CsA 0, 200, 400 and 800 ng/mL. After 24 hours'
culture, 0.5 mL of the bead suspension was added into each
well and incubation continued under the same conditions for
2 h. or 24 h. The cells were harvested as usual and suspended
in 1 mL PBS per well for counting the number of beads and

total number of cells with a haemocytometer under a Diavert

inverted light microscope.
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2.2.3 Measurement of intracellular free calcium ion
concentration.

The methods were modified from Tsien et al.(1982), Rink
and Pozzan (1985) and Malgaroli et al. (1985). The stock
solutions of the fluorescent dyes were in DMSO at 50 mM for
Quin 2/aM and 5 mM for Fura 2/AM and stored at -20°C in a
desiccator in the dark. The final concentrations of DMSO in
the cell suspensions were always < 0.5% (v/v) (Tsien et al.,
1982).

when the fibroblasts had grown to confluence (in about
2 weeks) in DMEM-10, the cells were harvested as above and
suspended in 1 mL of PS solution at a density of 1x107
cells/mL with 50 pM Quin 2/AM (final concentration) or 5 to
10 uM Fura 2/AM (final concentrations). Samples were incubated
at 37°C in a water bath for 20 min, then diluted 10-fold with
PS solution and incubated for an additional 45 to 60 min. The
samples were centrifuged and the supernatants were discarded.
The cell pellets were resuspended in 10 mL PS solution and
stored at R.T. in the dark.

For Quin 2 fluorescence measurement, the excitation
wavelength of the Perkin-Elmer LS-5 fluorometer
spectrophotometer was set to 339 nm (slit width = 10 nm, the
nominal bandpass) and the emission wavelength to 492 nm (slit
width = 20 nm). For Fura 2, excitation was at 340 nm and
emission at 510 nm. The cells were resuspended in the same

volume of PS solutior; immediately before measurement. The
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fresh cell suspension (0.1 to 0.2 mL) was pipetted into 2.4
to 2.3 mL PS solution in a 1x1 cm? quartz quality cuvette. The
fluorescence (F. value) was measured at 37°C with/without
addition of A23187 (100 ng/mL) and/or CsA (800 ng/mL). The
calibration of [Caa]i was done by adding 5 to 10 pL of the
detergent Triton X-100 (0.22%, v/v, final concentration) to
rupture the cell membrane to get the maximum fluorescence
value (F,, ), followed by adding 100 uL of EGTA solution (3.85
mM final concentration) to get minimum fluorescence (F,,). The
actual [Ca?]i value was calculated using the following
equation (Tsien et al., 1982; Grynkiewicz et al., 1985):

F. - F

[ca®]i = K, x

Where the dissociation constants (K;) of the dyes with ca®
were determined in the presence of 120 to 130 mM K", 20 mM Na',
1 mM Ca® and 1 mM free Mg® (pH 7.05) for Quin 2 (K=115 nM)
(Tsien et al., 1982); or in presence of 115 mM KCl, 20 mM
NaCl, 10 mM K-MOPS and 1 mM free Mg® (pH 7.05, 37°C) for Fura

2 (K;=224 nM) (Grynkiewicz et al, 1985).

2.2.4 Statistics.
For cell proliferation rates, growth curves were fitted
to the data (number of cells/well for each day counted) by

third order polynomial regressions (Sigmaplot™ software) with
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the coefficient values (R. values) calculated for each group
([csal 0, 200, 400, 800 ng/mL) and the "wholeplot" (average
of the above four plots in each cell strain). For the rest of
the experimental data in this paper, standard deviations
(S.D.) were calculated from the raw data and comparison of

means was done by Student's t-test (t-test).

2.3 RESULTS

2.3.1 Effect of cyclosporine A on fibroblast proliferation
rate.

Sixteen experiments on the effects of CsA on fibroblast
growth were carried out using seven different cell strains
(N606B, 111106, HUGE-5, CSA-8, CSA-11, HUGE-7b and HUGE-7a,
passage 3 to 10). In all of these polynomial plots (including
the “‘whole plot'", see below), five of them have good
correlation with the R values from 0.81 to 0.89 and only one
has fair correlation with R = 0.75, while the rest of the
plots are all highly correlated to each other with R values
from 0.92 to 0.99. Only partial data are given i.ere, i.e., the
growth curves for two cell strains are shown in figures 2.3.a
and 2.3.b. Thus, from this study, we¢ concluded that CsA in the
culture medium at concentrations of 200 to 809 ng/mL had no
significant effect on the rate of growth of gingival

fibroblasts.
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DAYS IN CULTURE

Figure 2.3.a Effect of cyclosporine A on fibrobiast (N1106,
passage 5) proliferation. Polynomial regressions for each CsA
concentration used were: (O-s+~se-0-+e—ee_0) CsA 0 ng/mL
(R=0.993); (e---e---e) CsA 200 ng/mL (R=0.992); (A-cccb:scecd)
CsA 400 ng/mL (R=0.988); (A-+—e¢-a-+-<-a), CsA 800 ng/mL

(R=0.982). (———) "Whole plot'" (R = 0.987).
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Figure 2.3.b Effect of cyclmsporine A on fibroblast (CSA-11,
passage 5) proliferation. Polynomial regressions for each CsA
concentration used were: (0-s++-++-0-ce—+e.0) CsA 0 ng/mL
(R=0.962); (#---e---¢) CsA 200 ng/mL (R=0.946); (Acc-chc-c:8)
CsA 400 ng/mL (R=0.959); (A-+-+-A-+~+-a) CsA 800 ng/mL

(R=0.954). (———) "whole plot" (R = 0.952).
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2.3.2 Effect of cyclosporine A on phagocytosis.

The latex beads phagocytosed by fibroblasts were easily
visible under the ligh* microscope as tiny black rings. The
number of beads inside the cells in the same cultu+: raried
from 0 to 10 beads. Cell membranes remained intact as revealed

by staining with 0.04% trypan blue.

Table 2.2 Effect of cyclosporine A on the phagocytosis of
latex beads.

a. Incubation for 2 hours.

Cell [CsA] Percentage No. of beads No. of
strain of cells per cell beads
(passage) (ng/mL) with beads with beads per cell
N1106 0 27.7+6.3 2.2+0.4 0.6+£0.0
(P5)
200 28.3+5.6 2.3+0.2 0.6x0.1
(p=0.76) (p=0.49) (p=0.20)
400 26.2+4.4 2.2+0.1 0.6+0.2
(p=0.56) (p=0.82) (p=0.89)
800 29.5+z.8 2.1+0.1 0.6+£0.0
(p=0.87) (p=0.70) (p=0.48)
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(Table 2.2.a contd.)

Cell [CsA] Percentage No. of beads No. of
strain of cells per cell beads
(passage) (ng/mL) with beads with beads per cell
CSA-11 0 38.6+4.4 2.2+0.1 0.9%0.2
(P5)
200 39.02.6 2.1120.2 0.8+%.1
(p=0.86) (p=0.56) (p=0.82)
400 30.2+2.9 1.9+0.2 0.7+0.1
(p=0.92) (p=0.03%) (p=0.28)
800 39.4+6.0 2,.3120.5 0.7+0.1
(p=0.08) (p=0.59) (p=0.26)




Table 2.2 Effect of cyclosporine A on the phagocytosis of

latex beads.

b. Incubation for 24 hours.

Cell [CsA] Percentage No. of beads No. of
Strain of cells per cell beads
(passage) (ng/mL) with beads with beads per cell
N1106 0 36.5+1.8 2.6x0.4 0.8%£0.0
(P5)
200 45.5%4.,2 2.6x0.3 1.220.2
(p=0.11) (p=1.0) (p=0.19)
400 34.8+4.1 2.6x1.0 0.9x0.2
(p=0.65) (p=1.0) (p=0.80)
800 34.6£7.0 2.6%0.3 1.0£0.0
(p=0.75) (p=0.88) (p=0.04")
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Cell {CsA] Percentage No. of beads No. of
strain of cells per cell beads
(passage) (ng/mL) with beads with beads per cell
Ccsa-11 0 32.8+3.5 2.4+0.3 0.8+0.0
(P5}
200 44.3+0.2 2.7+0.2 1.2+¢0.0
(p=0.05")  (p=0.35) (p<0.01%)
400 49.6+4.7 2.6+0.1 1.3+0.2
(p=0.06) (p=0.47) (p=0.06)
800 48.7+0.8 2.3+0.1 1.71490.1
(p=0.03")  (p=0.70) (p=0.04")

Results shown in Table 2.2.a and 2.2.b are the averages for

triplicate wells and are expressed as Mean * 1 §S.D.

Statistical difference (Student's t-test) between results at
[CsA] given and 0 ng/mL is accepted at p<0.05.

After 2 and 24 hours' incubation,rﬁhe cell suspensions
(in PBS) at a density of about 7.5x10° cells/mL/well were
counted under the microscope as described in above. At the

later time, only slightly increases in phagocytosis were seen.
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For a normal cell strain (N1106, P5) there were no
statistically significant differences in the number of beads
phagocytosed by the fibroblasts in the presence or absence of
CsA (200 to 800 nyg/mL) after 2 hours' incubation (Table
2.2.a). Only a slight increase in number of beads per cell at
CsA 800 ng/mL after 24 hours' incubation (Table 2.2.b) was
seen. For CsA-GH cell strain (CSa-11, P5), only the number of
beads per cell with beads at one group (CsA 400 ng/mL) was
slightly decreased after 2 hour's incubation, while at later
time CsA (at 200 ng/mL and 800 ng/mL) slightly enhanced the

nunber latex of beads phagocytosed by the fibroblasts.

2.3.3 Effect of cyclosporine A on intracellular free
calcium ion concentrations in the presence and
absence of the calcium ionophore A23187.

It was found to be important to grow the fibroblasts for
a sufficient time and to confluence in order to get consistent
results in the experiment since proliferating fibroblasts tend
to have a higher [Ca®]i than quiescent cells (s 200 nM) (X.F.
Fan and P.G. Scott, unpublished data). If the fibroblasts were
cultured for 14 days to confluence the resting [ca®*]1i was
about 150 nM (measured with either Quin 2 or Fura 2).

CsA per se did not affect the [Ca®*]i at 800 ng/mL (final
concentration) when it was directly added into the fluorescent
dye loaded cell suspensions in a cuvette and studied within

15 min (Table 2.3) or incubated with the cells for periods
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from 2 hours to 16 hours at 37°C prior to loading with the
fluorescent indicator (Tables 2.4 and 2.3). The calcium
ionophore A23187 at 100 ng/mL (but not at 40 ng/mL, data not
shown) increased [Ca?*]i about 2-fold within 30 seconds and
maintained it at that level for at least 20 min (Table 2.4).
Pretreatment of the cells with CsA (800 ng/mL) for 2 hours did
not inhibit the [Ca*]i increases stimulated by A23187 (Table

2.4).

Table 2.3 Direct effect of cyclosporine A (800 ng/mL) on
intracellular free calcium ion concentrations

({ca®]i).

Cell strain [ca®*]i (nM) + 1 S.D. P values

(passage No.) Before CsA added After CsA adénd in t-test

N606B (P10) 154.1 £ 15.5 138.5 + 19.0 0.33
CcSa-8 (P5) 151.9 = 29.0 232.3 + 46.9 0.07
CSA-8 (P6} 141.6 + 46.8 134.9 + 36.9 0.86

This experiment was done with Quin 2. "The cells were
preincubated with CsA (800 ng/mL) for 16 hours before

measurement. Non-statistical difference is accepted at p20.05
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Table 2.4 Effect of cyclosporine A on fibroblast (N1106,
passage 6) intracellular free calcium ion

concentrations ([Ca*]i) in the absence and presence

of A23187.

A23187 [ca®*]i (nM) t 1 S.D. (P value
(100 ng/mL) No CsA CsA = 800 ng/mL’ in t-test)
Before adding 148.6+ 2.8 141.9+20.3 (0.69)
After adding 315.7+23.8 340.6+37.3 (0.51)
(P value in t-test) (0.01) (0.02)

This experiment was done with Fura 2. *The sample was
pretreated with CsA for 2 hours before measurement of [Ca&]i.

Significant difference is accepted at p<0.05.

At the end of the experiment, about 85 to 90% of the Quin
2 or Fura 2 loaded fibroblasts were viable as determined by
exclusion of trypan blue. All the fluorescence measurements
were made within 2 hours after loading with Quin 2 or Fura 2.

Otherwise, inconsistent results were obtained.
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2.4 DISCUSSION

One of the direct hypotheses to explain CsA-GH was that
CsA might act as a mitogen for fibroblasts and therefore
enhance the production of connective tissue. If the synthesis
and catabolism of collagen are not balanced, i.e., either
collagen synthesis is enhanced or collagen catabolism is
depressed, or both, there would be a net increase in collagen
content in the tissue.

The blood CsA levels in patients vary greatly with the
same dose and it was recommended to maintain the CsA
concentrations in serum within the range of 100 to 300 ng/mL
which normally prevents rejection and minimizes CsA-associated
toxicity (Bowers and Canafax, 1984). The upper level of CsA
concentration range (200 to 800 ng/mL) used in our experiments
was higher than the recommended CsA levels in the blood, but
there was no toxiciiy apparent in the fibroblast cultures.
Previously, it was found that high concentrations of CsA (1
and 5 pug/mL) in the culture medium were toxic to the
fibroblasts after 1 week exposure, while CSA at 25 pg/mL was
cytotoxic by day 2 (C.M. Dodd and P.G. Scott, unpublished
data).

Because of the high hydrophobicity of CsA, nonspecific
adsorption to the wall of the plastic cell-culture dishes is
a poteni\ie. problem. This did appear to occur to some extent

and was found to be proportional to the contact area (X.F.
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Fan and P.G. Scott, unpublished data). However, the loss was
less than 10% of the total CsA added in the culture medium
after culture in a 6-well-plate with or without cells ror 24
hours. More than 95% of this "loss'" of CsA was associated with
the cells if there was a confluent layer of cells on the
bottom of the well (see Chapter III). Therefore, the actual
non-specific adsorption of CsA to the plastic wall was
negligible.

Our negative results on the effect of CsA on
proliferation of fibroblasts are in conflict with Zebrowski
et al. (1986) who reported an increase, as meas\ >#® by DNA
contents of the culture. Tipton and Dabbous (1986) reported
no effect, a conclusion supported by the present results. The
reason for the different results is not clear.

The ability of fibroblasts to phagocytose may be an
important biological function of the cell since this
stimulates fibroblasts to produce collagenase (Werb and
Reynolds, 1974). Fibroblasts alsc degrade phagocytosed
collagen fibril fragments and this may be physiologically
important (Sodek and Overall, 1988). If CsA inhibited
phagocytosis in wvitro, it could be suspected that the
fibroblasts' capacity to degrade collagen fibrils would be
affected by the drug and this could contribute to the
mechanism of CsA-GH. However, our results showed that CsA
slightly enhanced fibroblast's ability to phagocytose latex

beads after 24 hours' incubatiozn. This effect was more obvious
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in a CsA-GH cell strain than in a normal cell strain. It is
not clear what is the physiological or pathological
significance of this effect of CsA on fibroblasts, or wether
it is related to the mechanism of CsA-GH.

Intracellular calcium ion is an important second
messenger (Carafoli, 1987). It has been reported that
pretreatment of human T lymphocytes or mouse spleen cells with
CsA for 30 min significantly inhibited the phytohemagglutinin
(PHA)- or concanavalin A (ConA)-induced Ca?* influx (Gelfand
et al., 1987; Chatenoud et al., 1988). Our results showed that
CsA did not cause Ca® influx in fibroblasts. We also found
that CsA did not inhibit the calcium influx initiated by the
calcium ionophore A23187. It may not strictly be correct to
compare the effect of CsA on mitogen-stimulated ca" influx in
lymphocytes with A23187-induced Ca®* influx in fibroblasts.
However, we were not successful in attempting to detect ca®
changes in response to ConA treatment in the suspended
fibroblasts. Pretreating the fikroblasts with ConA created a
problem in trypsinizing the cells off the culture flask (X.F.
Fan and P.G. Scott, unpublished data). If we had been able to
study attached fibroblasts, we could have compared our results
with those in lymphocytes.

Although it is clear that Ca®* influx is a critical step
in early events of T lymphocyte activation in response to
mitogens such as ConA and PHA (Whitney and Sutherland, 1972;

Tsien et al., 1982), how stimulation of fibroblast
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proliferation, phagocytosis, synthesis and secretion of
collagen and collagenase might relate to changes in [ca®*]i
is unknown. Recently, the report of stimulation by 223187 (40
ng/mL) of rabbit synovial fibroblasts to produce collagenase
was the first evidence relating ca® influx to collagenase
production (Unemori and Werb, 1988). However, we did not
detect a Ca® influx at 40 ng/mL A23187. Furthermore, it is
interesting to note that the «alcium channel blocker
nifedipine can cause the similar side-effect to CsA and
phenytoin (Butler et al., 1987), and that phenytoin inhibited
the voltage-gated Ca® influx in the PC12 pheochromocytoma cell
line (Messing et al., 1985). These observations all suggest
that ca?* is a very important second messenger in the
regulation of collagen metabolism.

The negative results shown in this paper strongly suggest
that CsA may not act on the fibroblast membrane. However, more
direct evidence could be obtained if the effects of CsA on
the cell membrane potential and/or membrane fluidity could be
measured. Nevertheless, the collagen content increase in the
drug-associated gingival hyperplasia leads to further
investigation of CsA effects in the metabolism of collagen by

fibroblasts (see Chapter 4 for details).
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CHAPTER III
KINETICS OF UPTAKE AND DISTRIBUTION OF

CYCLOSPORINE A IN GINGIVAL FIBROBLASTS IN VITRO

3.1 INTRODUCTION

During long term medication with cyclosporine A (CsA)
such as 1is used to prevent transplant rejection, CsA-
associated gingival hyperplasia can develop, as discussed in
detail elsewhere (Daley et al., 1984 and Chapter I). We had
been using human gingival! fibroblasts as a model in in vitro
studies of CsA-induced gingival hyperplasia (CsA-GX).
Previously, we found that <sA had no effect on ...
proliferation of gingival fibroblasts, phagocytosis and
intracellular free calcium ion concentyration (Chapter II).
Before studying the effect of CsA on collagen catabolism (see
Chapter IV), it was thought necessary to determine whether the
drug can enter fibroblasts. If so, it would be uszsful to know
how and where it goes inside the cell.

There is no report in the literature on CsA uptake and
binding in fibroblasts. However, many studies on CsA uptake
have been done with human and murine lymphocytes and lymphoma
o thymoma. LeGrue et al {1983) found that CsA bound to human
lymphocytes with dissociation constants (K;) in the range of

3 to 6x107 M for T cells and 5 to 8x107 M for B cells,

64
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respectively. The B cells also have a nigh affinity cytosolic
site with a K, = 2x10° M (LeGrue et al., 1983). Most of CsA
(70 to 80%) taken up by murine thymoma was associated with
two cytosolic components. One of these was saturable at low
drug concentrations (30 to 1000 ng/mL) and the other was non-
saturable at higher drug concentraticns (21000 ng/mL). Merker
and Handschumacher (1984) and Fabre et al. (1986) also
reported similar results on human lymphoma and stressed that
the ¢rug was rapidly accumulated inside the cells and reached
a near steady-state within 1 to 3 min. The apparent M.W. for
the CsA-binding molecule in the cytosecl of lymphocytes cytosol
was 15,000 to 20,% 7 dalton (Merker and Handschumacher, 1984;
Fabre et al, 1986). CsA receptis were identified in in vitro
studies as a new cytosolic protein "ecyclophilin"
(Handschumacher, 1984) and a well known calcium regulated
protein calmodulin (Colombani et al. 1985). The dissociation
constants for cyclophilin are in the range of 108 M (Dalgarno
et al., 1986; Hess et al., 1988) to 10”7 M (Handschumacher et
al., 1984) and for calmodulin 107 M (Colombani et al., 1985;
Hess et al., 1988) to 10° M (LeGrue et al, 1986).

The purposes of the present study were (a) to measure the
kinetics of uptake and distribution of CsA in human gingival
filr~oblasts; (b) to investigate the effect of ouabain, an
inhibitor of Na'/K'-dependant ATPase, on CsA uptake by the
fibroblasts. However, the CsA-binding molecule in the cytosol

is not identified in this study.
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3.2 MATERIALS AND METHODS

Both non-radioactive CsA and [°H]-CsA (450 pCi/mL, 50.1
ug/mL) were gifts from Sandoz Ltd., Basel, Switzerland. Human
gingival cell strains used in the experiments were the same
as before (see chapter II for details). The ultracentrifuge
tubes (polyallomer) were from Beckman. NCS tissue solublizer
(containing toluene and quaternary ammonium hydroxide) was
from Amersham, USA. Universal LSC cocktail {80-X-16, Scinti
verse'" E) was from Fisher scientific company. The cell culture
supplies were the same as those used in chapter II.

Fibroblasts were grown in 25 cm’ flasks or 6-well flat
bottom plates in UMEM-10, i.e., Dulbecco's modified Eaglc's
medium containing 10% fetal calf serum (see chapter II), until
confluence. The cells in fresh DMEM-10 were then labelled with
tritiated CsA at a concentration of 800 ng/mL with desired
specific activities (SA) for 0.5 to 25 hours, or at
concentrations of 100 ng/mL to 4000 or 5000 ng/mL for 1 to 2
hours in a CO, incubator (Forma Scientific Company) which was
set up as before (Chapter II). In one experiment, [CsA] in the
medium was up to 10 ug/mL and incubation for 24 h. At the end
of culture, the medium in all wells was collected for
measuring the total [’H]-CsA left by counting 0.1 or 0.3 mL
medium with 5 mL universal LSC cocktail. The results were used
as total free [CsA] in Scatchard plots (see below). The cells

were then harvested with 0.25% trypsin by the conventional
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m;thod (chapter II) and washed with PBS three times. The last
wash with PBS (1 mL/ sample) was collected, and counted to
check for completeness of washing an.: removal of unbound CsA.
The volume (V) of a suspended fibroblast was calculated by
using the formula V= (3.14/6)@® (4 is the diameter of a
spherical fibroblast in suspension and was determined with a
Coulter counter). Frssh PBS (1 mL) was added to the cell
pellets which were then frozen (at -20°C) and thawed (at room
temperature) three times each for 2 h., respectively to
erupture the cells. After this procedure, more than 95% of the
cells were stairad positively by 0.04% trypan blue and
therefore had be¢r +uptured. The cells treated with non-
radioactive CsA-containing medium were used as a control for
counting total number of cells and radioactive background of
the cells; while the wells without cells were treated with
radioactive CsA-containing medium to measure the non-specific
adsorption of CsA in the plastic tissue culture dishes.

The cytosol and cell residues, including all insoluble
debris of the cells were separated by centrifugation (Beckman
L6-70 uitracentrifuge, SW Ti 50 rotor) at 10,000xG, 4°C for
2 hours. After the supernatant (called the '"1st cytosol
fraction") was collected, the cell pellet was resuspended in
1 mL fresh PBS and centrifuged for 30 min as above. These
supernatants (called the "2nd cyiosol fraction") were
collected. All these fractions (last wash with PBS, 1st

cytosol fraction, 2nd cytosol fraction and cell residue, each
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in 1 mL PBS) were mixed with universal LSC cocktail (5
mL/sample) in plastic LSC (liquid scintillation counter) vials
and counted in a liquid scint: lation counter (Model PW 470,
Philips, Holland).

The [F] values (total free ligand concentrations) were
calculated from the total [H]-CsA left in the medium :.. the
end of the cultures. The [F] values were presented as molar
concentrations by converting the data from dpm to mole with
the theoretical specific activities (S.A.) of CsA added in the
medium. The [B] (bound fraction of CsA in the cytosol) was
from "1st cytosol fraction'". The "2nd cytosol fraction" was
so little that it was ignored (see below). The Scatchard plot
was made by plotting [B1/[F] versus [B].

To determine whether the transport of CsA across cell
membranes involves an active process, confluent fibroblasts
in 6-well cell culture plates were incubated with DMEM-10
containing ouabain (1%x10°® to 1x167° M) and [%ﬁ]—CsA (800 ng/mL,
SA = 125 dpm/ng CsA) in the culture medium for 2 hours. The

fractionation and counting were as above.

3.3 RESULTS

3.3.1 Distribution of cyclosporine A in gingival

fibroblasts.

After culture of gingival fibroblasts with [3H]-CsA (800
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ng/mL, 41.8 dpm/ng CsA) at 37°C for 0.5 h. or 24 h, it was
found that 78% (at 0.5 h.) to 88% (at 24 h.) of the total
cell-associated CsA was in the two cytosol fractions
(Table 3.1.a). The total cell-associated CsA was about 4.2%

of the total CsA added in the culture medium (Table 3.1.b).

Table 3.1.a Distributions of cyclosporine A in 1.7x108

fibroblasts (N1106, passage 6).

Fraction Group A (0.5 h.) Group B {24 h.)
(in 1 ml/well) (Mean DPM : S.D.) (Mean DPM * S.D.)
1st cytosol 2600:154 4433+263
2nd cytosol 85+ 9 92+ 11
Cell residue 1044x 35 541+ 84
Last wash with PBS 879+109 477+148

The data are average of 10 replicate cuitares in 25mm® flasks.
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Table 3.1.b Distribution of cyclosporine A in the culture

system.

Item Group A (0.

5 h) Group B (24 h)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Total cell-associated
CsA (dpm/1.7x10° cells)
Total CsA left in the
medium after culture
with cell (dpm/flask)
Total CsA left in the
medium after incubation
without cells (dpm/flask)
Total CsA added into

medium (dpm/flask)

percentage of (1) in (4)

percentage of (2) in (4)

percentage of (3) in (4)

5607

98239

91508

133745

4.2%

73.5%

68.4%

5643

104334

103580

133745

4.2%

78.0%

77.5%

From this table it can be seen that the

loss of CsA was about 17.8% to 22.9% of

into the medium in a 25 cm

2

actual non-specific

the total CsA added

cell culture flask.
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3.3.2 Cyclosporine A uptake with time.

After incubation of CsA (432 ng/mL, 1.53 dpm/ng CsA) with
the confluent fibroblasts (CSA-8, passage 5) in 6-well cell
culture plates in the CO, incubator for 0.5 h. to 25 h., it
was found that CsA was rapidly taken up into the cytosecl

(Figure 3.1).
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Figure 3.1 Fibroblasts (N1106, passage 5) uptake of
cyclosporine A with time. The data are average of duplicats
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72

3.3.3 Kinetics of cyclosporine A uptake in fibroblasts.

The analysis of the CsA-binding curve in fibroblasts
cytosol was based on the assumption that CsA taken up into
cytosnl was bound to cytosolic molecule(s) since it was highly
concentrated. When the concentrations of CsA added in the
culture medium were at * 0 to 4000 or 5000 ng/mL, the binding
curve {(Zcatchard plot} was non-linear. Four cell strains had
been used for the CsA-binding assay. Data for Scatchard plot
from one cell strain (HU::E-5) are presented in Table 3.2 and
Figure 3.2. The K; for the low affinity bin“ing site in the
Scatchard plots for all these 4 cell strains was rlose to
in” nite, which might reflect non-specific adsorption of CsA
to cthe cytosolic protein(s). The uptake associated with the
high affinity CsA-binding molecule saturated at 1 pg/mL of
CsA iIn the medium, but the low affinity one(s) did not
saturate at concentrations of CsA up to 4, 5 or 10 ug/ml (data
not shown for 10 pg/mL).

Fibroblasts from normal cell strain (HUGE-5, passage 5),
CsA-GH non-responder cell strains (HUGE-7a and HUGE-6, both
in passage 4) and CsA-GH responder cell strains (HUGE-7b,
passage 4) behaved in a similar way in the uptake of CsA.
After fitting the hyperbolic curve by computer programming to
resolve the equations of 2.a or 2.b (see below) for these non-
linear Scatchard plots, the dissociation constants (K,) for
the high affinity molecule were calculated (Table 3.3).

The non-specific adsorption to the wells was very little
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when CsA was incubated in a 6-well plate with a layer of

confluent cells (Table 3.4).

Table 3.2 Binding of cyclosporine A by gingival fibroblasts

(Normal cell strain: HUGE-5, passage 5).

Medium [CsA] [B] of CsA [F] of CsA [B]1/[F]

added (ng/mL. ‘ng/1x10° cells) (x1077 M)/well (x107)

100 6.2+1.4 0.8+0.1 8.2:2.4
200 9.5+2.0 1.5%0.3 6.7+2.2
400 12.0%2.4 3.4%0.2 3.6%0.7
602 13.9%2.8 5.3£0.1 2.6%0.5
800" 18.4+0.2 7.5:0.4 2.5+0.2
1000 18.1%1.1 8.2:0.4 2.2+0.2
2000 25.3£2.6 16.0%1.3 1.5£0.0
3000 33.2+2.3 27.4%1.6 1.240.1
4000 33.4£3.8 36.3+1.7 0.9%0.2
5000 30.0£3.5 45.5+2.4 0.7+0.2

The data are the average of triplicate except one (*) with

duplicate (mean * S.D.).



10—

([B1/[F1)x10" ng/(Mx10° Cell)

I
5

I !
10 15

r
20

!
25

|
30

[B] fraction of CsA in ng/10° cell

Figure 3.2 Scatchard plot for data in Table 3.2.

Table 3.3 High affinity of dissociation constants (K,;) for
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CsA-binding molecule complex in fibroblast cytosol.

Cell strain

(passage no.

)

Type of

cell strain

(x107 M)

Kq

HUGE-5 (P5)
HUGE-6 (P4)
HUGE-7a (P4)

HUGE-7b (P4)

Normal
Non-responder
Non-responder

Responder

2.

3.

2.

3
2

Average of the above results is 2.6+0.4 (mean * S.D.).
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Table 3.4 Percentage of total cyclosporine A added to the
culture system (6-well-plate) recovered in the

medium after 1 h. incubation.

Medium CsA distributions

[CsA] ng/mL Medium (no cell) Medium (with cell) In cells

5000 106% 106% 2.1%
4000 93.9% 93.9% 2.7%
3000 95.8% 95.8% 3.5%
2000 97.3% 97.3% 3.8%
1000 93.9% 93.9% 5.5%
800 117% 114.5% 7.1%
600 110.8% 106.4% 9.1%
400 115.2% 100.5% 9.4%
200 96.5% 88.2% 15.7%
100 94.7% 90.8% 18.8%

In columns (1) and (2), pipetting errors during experiments

were considered to be responsible for those results > 100%.

3.3.4 Effect of ouabain on the uptake of cyclosporine A
by tibroblasts.
No cytotoxicity was found after culturing the fibroblasts

with ouabain (1x10'8 to 1x107® M) for 2 h. or 24 h. Although
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Table 3.5 Effect of ouabain on cY¥Closporine A uptake by
fibroblasts.

e e S

[Ouabain] Meah dpm * S.D.

in DMEM-10 1st Cytosol Fraction 2nd Cytosol Fraction

0 12857+3205 722494
1x10°%m 10327+3838 694+136
(Student's t-test) (p=0.35) (p=0.75)

0 13610£1791 779+118
5x10™'M 14049+747 9451314
(Student's t-test) (p=0.67) {p=0.36)

0 105184220 663+239
1x10'M 11089+3715 7031267
(Student's t-test) (p=0.85) (p=0.83)
0 16014+4469 871+ 67
1x107°M 15158+1782 896+190
(Student's t-test) (p=0.73) (p=0.82)

The cell strain was N606B, passag® 5. The data were corrected
with the cell numbers (225,000 cells/well) which are average
of 10 wells with a §S.D.= 4x10*. NS (non-statistical

difference) was accepted at p20.05.
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ouabain precipitated some of the CsA in the medium (data not
shown), this problem could be ignored since it did not affect
the rate of uptake of CsA in the cells. Ouabain at the
concentrations used did not interfere with the uptake of CsaA
by the fibroblasts (Table 3.5). Ouabain was found to have a
half maximum inhibition of the Na'-K'-stimulated membrane
ATPase in human erythrocytes at 1.3x10JM, but only 3.7x107%m
is needed for half maximal inhibition of ion transport in the

human (Csaky, 1973).

3.4 DISCUSSION

Our results showed that CsA was rapidly concentrated
inside the cytoplasm of fibroblasts to an extent 30- to 40-
fold greater than that in the extracellular medium (assuming
the volume of the cytosol and the total cell volume is the
same). From 79 to 85% of the total CsA taken up by the éells
was located in the cytoplasm fraction. The high affinity Csa-
binding molecule complex in the cytosol has a Ky 2.6x107 M,
However, the K, of the low affinity one(s) is almost infinite,
which is considered as non-specific adsorption to cytosolic
molecule(s). The uptake of CsA by the high affinity molecule
is saturable at the concentration of CsA about 1000 ng/mlL,
while the low affinity one is non-saturable in up to 10 pg/mL

CsA in the medium. The K, for the high affinity CsA-binding
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site in fibroblasts is very close to the one measured in T
lymphocytes (see above) and all of the present results are in
agreement with those of Merker and Handschumacher (1984) and
Fabre et al. (1986), who used lymphocytes from lymphoma or
thymoma.

The Scatchard plot is a standard method for analysis of
ligand binding studies. For a linear Scatchard plot, there is
a single binding site for the ligand. The equation for that
is (Scatchard, 1949; Rosenthal, 1967):

[B]/[F]=K(n[M]-[B]) ....... (1)
where, [B] is the bound fraction of CsA in the cytosol;
[F] is the total free ligand concentrations;
K is the association constant (Ks=1/K);
n is the number of binding sites per
macromolecule;
M is the total concentration of macromolecule

available for binding.

If the Scatchard plot is a curve, it indicates there is more
than one binding site for the ligand. This is either because
there are multiple (not homogeneous) binding sites on a single
acceptor molecule of interest or because the reaction system
contains more than one kind of acceptor molecule. The latter
is often the case in biological preparations in which whole
cells or cell membranes are used (Zierler, 1989). This is also

likely to be the case in our binding study system in which the
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whole cytosol was used.

A non-linear Scatchard plot may be resolved into two or
more straight lines. Theoretically, the number of binding
sites can be determined by trials to fit the curve to one,
two, or three resolved line(s). Even had we assumed this
method were applicable, it still shares an uncertainty common
to similar empirical methods: if, within limits, the fit is
acceptable to the investigator for m resolved lines, how does
one know that there are not really m+1 resolved lines?
However, it is impossible to resolve a curve into more than
two straight lines by the graphical approach. The numerical
curve regression method hardly gives acceptable result for a
problem of more than three binding sites (Weder et al., 1974).
If a non-linear Scatchard plot is obtained in our studies it
is assumed to be due to two independent binding sites.
Therefore, the Scatchard plot will be resolved into two
straight lines which represent two binding groups. The
equations of non-linear Scatchard plot for two binding groups

are listed below (Rosenthal, 1967; Feldman, 1972):
[B]/[F]=Kn,[M,]1/ (K, [F1+1) + Kno[M,1/(K,[F1+1) ...(2.a)

ax2+BXY+Y2+YX+6Y=O ............................ (2.b)
Where X=[B];
Y=[B]/[F];

a=K;K,;
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B8=K,+K;;
Y=_K1Kg(n1 [M1 ]"‘ng[Mg] );

The equation of 2.a or 2.b was resolved by computer
programming for this study.

The ATPase inhibitor ouabain did not affect the uptake
of CsA by the fibroblasts, suggesting that this is a passive
process. This seems in conflict with the finding that the
cells can concentrate it 30- to 40-fold over the extracellular
solution. It indicates that the intracellular binding
molecules (both high and low affinity ones) in the cells are
very important in the accumulation of the drug in the
cytoplasm. The action of CsA on T lymphocytes mainly involves
blocking early activation events in the cells (Hess et al.,
1988), whilst the effect of CsA on gingival fibroblasts is to
interfere with connective tissue metabolism (Rateitschak-Pluss
et al., 1983; Wysocki et al., 1983; Rostock, 1986). It is not
clear whether CsA has the same initial site of action in all
of these cells. If it does, what is it? Potential candidates
are the ubiquitous cytosolic proteins, cyclophilin and/or
calmodulin. Therefore, it would be interesting to know if the
CsA-binding molecules in the fibroblast cytosol are the same
as those found in lymphocytes. Furthermore, the physiological
and biochemical functions of cyclophilin and calmodulin in

collagen metabolism remain to be elucidated.
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CHAPTER IV
CYCLOSPORINE A DEPRESSES THE DESTRUCTION OF

FIBRILLAR COLLAGEN 8Y GINGIVAL FIBROBLASTS IN VITRO

4.1 INTRODUCTION

Immunosuppressive treatment with cyclosporine A (CsA)
can cause gingival hyperplasia and other side-effects which
are described elsewhere (Wysocki et al., 1983; Bennett and
Norman, 1986). Although an increase in the amount of collagen
is one of the major features of CsA-associated gingival
overgrowth (Wysocki et al., 1983), little is known about the
effects of CsA on collagen catabclism.

Collagens are a group of major structural proteins in all
connective tissues. Their degradation can proceed by two main
pathways, i.e., extracellular and intracellular (Woolley,
1984). The former involves several matrix metalloproteinases
(MMPs) that degrade collagen fibrils into different sizes of
fragments at neutral pH. The latter requires that fibroblasts
phagocytose fibrillar collagen fragments which have been
truncated by some preliminary extracelluar degradations. These
fragments are then digested in the acid environment within
phagolysosomes (for recent reviews, see Sodek and Overall,
1988; Birkedal-Hansen, 1988).

Collagenase (matrix metalloproteinase I, MMP-I) is an

85
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enzyme with a high specificity for cleaving the triple helical
collagen molecule at a Gly-Ile peptide bond (residues 775:
glycine and 776: isoleucine) in the a,(I) chain and at Gly-
Leu (leucine) in the a,(I) chain at neutral pH, resulting in
3/4- and 1/4-length fragments of type I collagen, TC, (at the
N-terminal end) and TC; (Figure 4.1) (Woolley, 1984). Since

the monomeric o chains of type I collagen can crosslink into

ot o O x*

Figure 4.1 Diagrammatic illustration showing cleavage of
native type I collagen molecule (TC) by collagenase at 25°C.
Two helical fragments, TC, and TC,, three quarters and one
quarter the length of the original molecule, respectively, are

produced.
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dimers and trimers via intramolecular crosslinks at the N-
terminal end, which are referred to as 8- (B,, and 8,,) and Y-
components, respectively. The denatured TC 3/4 fragments are
also named as a," and a;'(or a; 3/4 and o, 3/4) for monomers;
8, and 8,," (or 8,, 3/4 and 8,, 3/4) for dimers and Y* for the
trimer (Miller, 1984; Woolley, 1984). Collagegése is usually
produced as a zymogen (procollagenase) by mammalian cells such
as fibroblasts (Stricklin et al., 1977 and 1978). The zymogen

is usually activated in vitro by trypsin (Harper et al., 1971)

or organomercurial compounds (Sellers et al., 1977), but the

precise mechanism of activation of latent collagenase in vivo
is unknown (for a review, see Harris et al., 1984).

Many types of cell can produce procollagenase. Among
them, fibroblasts are the main source in the soft connective
tissue (Woolley, 1984). Gingival fibroblasts usually produce
little or no MMPs without stimulation (P. G. Scott,
unpublished observation). The agents which can be used for
stimulating fibroblasts to produce procollagenase in vitro
include phorbol myristate acetate (PMA) [(also known as 12-0-
tetradecanoyl-phorbol-13-acetate (TPA)] (Brinckerhoff et al.,
1979; Aggeller et al., 1984a), concanavalin A (Cona) (Nakano
and Scoti, 1985), mononuclear cell factor (Dayer et al., 1980)
or human recombinant interleukin-1a (hrIL-1a) or hrIL-18 (Ito
ec al., 1988; Richards and Rutherford, 1988; Katsura et al.,
1989), and human recombinant tumour necrosis factor (hrTNF)-

(a)/(8) (Duncan and Berman, 1989). Collagen fibrils (both
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denatured and native) were also reported to increases
production of the enzyme (Biswas and Dayer, 1979). Only the
last three factors (IL-1, collagen fibrils and TNF) are
physiologically relevant stimulétors.

Interleukin-1 (IL-1) is a group of polypeptides which
mediate a wide range of biological activities such as
inflammation, immune regulation, and the function of
fibroblasts (for recent reviews, see Oppenheim et al., 1986;
Dinarello, 1988). They are mainly produced by activated
macrophages in response to infection, injury or antigenic
challenge (Dinarello, 1984). Other sources of IL-1 are from
epidermal, epithelial, lymphoid and vascular tissues
(Oppenheim et al., 1986; Dinarello, 1988). There are two types
of IL-1, namely IL-la and IL-18; and the precursors (31 kDa)
of IL-1a and IL-18 are coded by two separate genes, both
located on chromosome 2 (Dinarello, 1988). The mature peptide
(IL-1a: pI 5.0, M.W. 17 kDa; IL-18: pI 7.0, M.W. 17 kDa) and
other smaller peptides are produced from the precursor by an
intracellular serine proteinase (Auron et al., 1984; Lomedico,
et al., 1984). The precursors and 22 kDa forms of IL-1, most
of which are IL-1a, are found to be associated with cells,
either intracellularly (for 31 kDa only) or membrane-bound
(for both 31 kDa and 22 kbDa) (Lepe-Zuniga and Gery, 1984;
Matsushima et al., 1986). Human IL-1a and IL-18 only have 26%
homology in their amino acid sequence and 45% in their

nucleotide sequences (March et al., 1985). Although IL-1a and
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IL-18 are biochemically distinct, they show an almost
identical spectrum of biological activity, both in vivo and
in vitro (Dinarello, 1988). This may be explained by the fact
that they share the same receptor (with a M.W. about 80 kbDa)
on the cell membrane (Dower et al., 1986; Dower and Urdal,
1987).

IL-1 plays an important role in the regulation of
connective tissue metabolism in tissue trauma and
inflammation (for reviews, see Dinarello, 1984; Oppenheinm,
1986; Dinarello, 1988). Each type of IL-1 (IL-1a and IL-18)
can increase the proliferation of fibroblasts, synthesis of
collagen, collagenase and prostaglandin-E in the cells
(Richards and Rutherford, 1988; Ito et al., 1988; Duncan and
Berman, 1989). IL-1a can suppress the biosynthesis of tissue
inhibitor of metalloproteinases (TIMP) (Ito et al., 1988). IL-
la or IL-18 increase the connective tissue degradation
function of fibroblasts more than 10-fold greater than they
enhance the synthesis function of the cells (Duncan and
Berman, 1989).

In the present studies on the mechanism of CsA-induced
gingival hyperplasia (CsA-GH), the effect of CsA on the
degradation of fibrillar collagen by gingival fibroblasts was
evaluated. The stimulators used for collagenase production by
fibroblasts were type I bovine tendon insoluble collagen
fibrils, ConA, hrIL-1a and hrIL-18 added into the culture

system. We report here the first direct evidence that CsA at
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therapeutic concentrations can interfere with the capacity of
fibroblasts to degrade fibrillar collagen, thus suggesting a

mechanism for the hyperplasia.

4.2 MATERIALS AND METHODS

4.2.1 Culture of gingival fibroblasts.

The materials and methods for cell culture are described
in detail in chapter II. Human gingival fibroblast cell
strains used in the present studies were CsA-GH responder cell
strains (CSA-8, CSA-11 and CSA-12) and normal cell strains
(N606B, N1106, N1806, HUGE-12 and HUGE-15). The preparations
of the growth medium, i.e., Dulbecco's modified Eagle medium
containing 10% (v/v) fetal calf serum (DMEM-10), and CsA
containing medium were also described in chapter II. All cell
cultures were carried out in a Forma or National CO, incubator
which was always set at 5% CO,, 95% air, 1 atmosphere, 37°C,

and 95% humidity.

4.2.2 Fluorescent labelling of collagen fibrils.
Insoluble bovine Achilles tendon type I collagen (Sigma)
was labelled with fluorescein isothiocyanate (FITC) (Sigma)
(Steven and Lowther, 1975). After washing 4 times each with
water, methanol (50% v/v) and acetone to remove as much

unbound fluor as possible, the collagen was resuspended at
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about 1 mg/mL in 50% methanol containing 1% (v/v) glacial
acetic acid by repeating homogenization for a few seconds
using a Polytron homogenizer. Any large pieces of collagen
were removed by centrifugation at 1000 rpm for 2 min. An
aliquot (100 uL) of this suspension was added to each well of
the 24-well tissue culture plates which were then allowed to

dry uncovered in a sterile atmosphere for 1 hour.

4.2.3 Culture of fibroblasts on fluorescent collagen
fibrils.

In preparation for addition of cells, 1 mL of phosphate-
buffered saline (PBS) was added to each well and the plates
incubated at 37°C for several days with daily changes of
buffer, until the rate of release of fluorescence had declined
to about 10 units/day (arbitrary units). Each well was seeded
with 2x10° cells in 1 mL of DMEM-10 and put into the incubator
overnight. Fresh medium containing CsA (200 to 800 ng/mL) was
added and replaced each day. Released fluorescence (excitation
wavelength 490 nm, and emission 520 nm) was measured in the
culture medium samples after brief centrifugation. The
instrument (Perkin-Elmer LS-5 luminescence spectrophotometer)
was zeroed using medium recovered from wells incubated without
added cells. After 4 days, cells were released from the plates
by incubation with 0.5 mL of a solution of bacterial
collagenase (25 units: Worthington CLSPA) in Tris buffer (0.2

M-KC1/0.005 M-CaC1,/0.02%, w/v, sodium azide/0.05 M Tris-HC1,
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pH 7.4) for 2 hour at 37°C, followed by 0.5 mL trypsin (0.25%,
w/v; Worthington, 7:250) for 4 min at room temperature (R.T.),
and counted on a haemocytometer. The residual FITC-collagen
(1 mL) in the supernantant of the collagenase and trypsin

digestion was measured as above.

4.2.4 Enzyme digestion of the fluorescent collagen fibrils.
Alternatively, for use as a suspension, FITC-collagen,
after washing 4 times each with PBS, 50% methanol and acetone,
was suspended in DMEM-0 (serum free medium) instead of 50%
methanol. Glacial acetic acid (1% v/v) was added and samples
were homogenized as above. Final FITC-collagen suspension, at
about 3-fold dilution of the one used for coating on the cell
culture plates, was in DMEM-0 supplemented with 0.02% (w/v)
sodium azide. This suspension was aliquoted into microfuge
tubes (0.5 mL/tube) and stored at 4°C in the dark for use
(maximum 1 week).

Before adding enzyme containing samples and CsA into the
FITC-collagen containing tubes, the background of the fluor
released into the supernatants in all tubes were measured. The
tubes were centrifuged (Microfuge, Beckman) and the
supernatants were discarded. In order to measure the direct
effect of CsA on activity of the activated collagenase, the
FITC-collagens in the tubes were resuspended in 0.5 mL of
DMEM-0 and 10 uL of the concentrated (by ammonium sulfate

precipitation, see below) and activated (by TPCK trypsin, see
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below) collagenase containing sample from non-CsA treated
normal gingival fibroblast culture medium was directly added
into FITC-collage: suspensions and incubated with CsA (200 to
800 ng/mL) at 37°C with 360° slow rotation in the dark for 2
hours. The samples were briefly centrifuged and the

fluorescence in the supernatants measured as above.

4.2.5 Preparation of collagenase-containing medium and
assays for enzyme activities.

The stock ConA (Pharmacia) solution was made at 2.0 mg/mL
in PBS and sterilized by passing through a Millex-GS™ filter
(0.22 um) (Millipore). The sterile hrIL-1a and hrIL-18 (500
half-maximum units per 50 uL) were from Collaborative Research
Inc., MA., USA. The half maximum unit of hrIL-1a or hrIL-18
is calculated as the reciprocal of the dilution which causes
50% stimulation in the lymphocyte activation factor (LAF)
Assay (Collaborative Research Inc. product description). The
stock solution of lactalbumin hydrolysate (DIFCO) was prepared
at 25% (w/v) in PBS and sterilized by autoclave. The medium
used for collagenase preparation was made from DMEM-0
supplemented with 25 ug/mL ConA, 0.5% (w/v) lactalbumin
hydrolysate, with or without 800 ng/mL CsA; or using 1:30,000
dilution (i.e., 0.33 half maximum unit per mL, final
concentration) of the commercially available hrIL-1a or hrIL-
18 instead of ConA. The stock solutions of trypsin

(Worthington, TPCK) and soybean trypsin inhibitor (Sigma) were
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freshly prepared at 1 mg/mL and 10 mg/mL in Tris buffer,
respectively.

Type I acid soluble collagen (ASC) purified from bovine
skin (Scott and Goldberg, 1983) was dissolved in 0.1 M acetic
acid at 2 mg/mL and gently stirred at 4°C overnight. The
dissolved ASC was dialysed against 1 litre cf 0.01 M acetic
acid at 4°C for three days with daily changes of 1 L of fresh
acetic acid. The final concentration of the stock ASC solution
was measured with Biuret assay (Itzhaki and Gill, 1964) with
a spectrophotometer (Gilford) at A,y ,,- This was stored at
-20°C until used.

To assess the effects of CsA on gingival fibroblasts
producing collagenase, the cells were grown to confluence in
75 cm® tissue culture flasks, washed with PBS and then fed
with the fresh serum free medium (12 mL/flask). Enzymes in the
medium, which was collected each day for three days, were
concentrated by precipitation with ammonium sulfate (Ultra
Purém, from Schwarz/Mann Biotech) at 60% saturation and
redissolved in a small volume of Tris buffer (Scott et al.,
1983). The samples were activated by proteolysis with the
stock trypsin solution at 1:100 dilution (v/v, final
concentration) for 15 min at R.T., followed by addition of
the soybean trypsin inhibitor stock solution at 1:100 for 15
min in ice bath to terminate the trypsin activity (Scott et
al., 1983). The enzyme activities (general proteinases and

collagenase) in these samples were assayed in duplicate (see
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below). If the enzyme activity in the sample was too high,
appropriate dilution with Tris buffer was made. These
concentrated and activated samples were used for collagenase
and proteinase activity assay (see below).

For the collagenase activity assay, the method was
derived from Berman et al. (1973) and Scott et al. (1983).
The collagenase substrate, i.e., the working ASC solution (1
mg/mL, pH 7.4), was prepared from the stock solution by adding
an equal volume of 2-fold concentrated Tris buffer and
degassing for 15 min at R.T. Glass capillaries (length = 75
mm, I.D. = 1.1 - 1.2 mm, wall thickness = 0.20 mm + 0.02 mm,
non-heparinized; Fisher) were partially filled with this
solution and sealed at one end with Critoseal and temporarily
covered at the other ends with Parafilm. The capillaries were
transferred to the 37°C warm room for 1 to 2 days to allow the
collagen to gel and became opaque. The top of the collagen in
each capillary was marked. Samples (with or without dilution
depending on the enzyme activities in the samples) were gently
transferred to the capillaries (5 pL/capillary) with a
Hamilton microsyringe and the tops were sealed with wax.
Incubation was carried out in the warm room for 16 hours. The
amount of digestion was calculated as microgram/16 h.

In a second method, 5% SDS-PAGE (sodium dodecyl sulfate-
containing polyacrylamide gel electrophoresis) (Mechanic,
1979), was used to measure the collagenase activities in the

samples from cell cultures in the conditioned medium
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containing hrIL-1la or hrIL-18. Briefly, 5% SDS gels were
prepared and stood at R.T. overnight. The collagenase
substrate in microfuge tubes (50 uL/tube) was incubated with
50 pL of the samples (with or without further dilution) at
R.T. for 30 min to 16 h. (depending on the enzyme activities
in the samples). The digesticn was terminated by adding 100
ML of SDS-sample buffer containing 10% 2-mercaptoethanol and
0.001% (w/v) bromphenol blue followad by boiling for 5 min.
The molecular weight standard (low M.W., Pharmacia) containing
lysozyme, soybean trypsin inhibitor, carbonic anhydrase,
ovalbumin, bovine serum albumin and phosphorylase B with M.W.
14,400, 21,500, 31,000, 45,000, 66,000 and 92,500 dalton,
respectively, was prepared by pipetting 10 plL of the standard
into 95 pL of the SDS-sample buffer. The 'nmo enzyme control"
was prepared with Tris buffer instead of sample in the same
way as above. After brief centrifugation, 50 uL each of the
above samples and standards was pipetted onto each lane of the
gel which was run at 50 Vv for 30 min, followed by 500 V for
3 h. The gel was then stained with Coomassie Blue (0.125%,
w/v, Coomassie Blue R250 in 7.5% acetic acid and 50% methanol)
for 1 hour at R.T. followed by destaining with 5% methanol in
7.5% acetic acid for 2 to 3 days. The bands resolved in the
gel were quantified by scanning with a Joyce-Loebel scanner
at 530 nm.

The general proteinase activity assay was modified from

Chavira et al. (1984). Azocoll (Sigma) was weighed into
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microfuge tubes (3 mg/tube). The concentrated enzyme-
containing samples, either non-activated, activated (see
above) or boiled and activated samples (0.3 mL/tube) and Tris
buffer (1.2 mL/tube) were added. The background tubes were
Azocoll (3 mg) with 1.5 mL buffer only. After incubation at
37°C with 360° slow rotation for 16 hours, one drop of glacial
acetic acid was added to each tube which was then centrifuged
for a few seconds (Beckman Microfuge). The red colour in the
supernatants was read at 520 nm (Gilford).

Fibroblasts were not trypsinized off the culture flasks
after ConA-treatment. After exposing the cellls to the serum-
free medium for 3 days, they were cultured in DMEM-10 for 5
to 7 days. The cells could then be harvested by
trypsinization. The number of cells were counted as before

(Chapter II).
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4.3 RESULTS

4.3.1 Effect of cyclosporine A on digestion of fibrillar
collagen.

In all seven cell strains tested, CsA caused measurable
depression of the capacity of the cells to degrade fibrillar
collagen (Table 4.1). Results shown in Table 4.1 are averages
from 4 wells, except for N606B (6 wells). This cell strain
(N606B) gave very weak digestion and only showed a significant
effect of CsA at 800 ng/mL. This may be due to the cells being
too old (passage 9). The effects were seen (varying from 11%
to 64% inhibition) at 200 ng/mL of CsA in four other cell
strains. The attachment of cells of two strains (CSA-12 and
N1806) appeared to be adversely affected by CsA at 800 ng/mL
of CsA, as reflected in the reduced number of cells recovered
after four days. The other cell strains appeared to tolerate
such conditions well. At the end of the experiments, 80 to 95%
of the collagen remained in the wells, as determined by
measuring the fluorescence released by sequential digestion

with collagenase and trypsin (data not shown).



99
Table 4.1 Effects of cyclosporine A on digestion of fibrillar

collagen.

Cell [CsA] Accumulated Cellsx10° Fluorescence

strain

(passage) ng/mlL. Fluorescence per well per 10° cells

CSa-8 0 148.4%213.4 2.1+0.3 71.0+ 6.4
(4) 200 123.7+ 1.6 2.1:0.1 59.2+ 0.8 (p=0.010)
400 99.6%10.5 2.1+0.3 47.9% 5.1 (p=0.001)
800 96.7+ 9.2 1.9+0.2 52.3%£ 5.0 (p=0.004)

Csa-12 0 106.6+2.8 0.45:0.1 237.0% 6.3
(3) 200 55.7+ 7.1 0.66+0.2 84.4+10.8 (p<0.001)
400 33.6% 5.2 0.4620.2 73.0+11.2 (p<0.001)
800 13.0+ 1.4 0.26£0.1 49.8% 5.2 (p<0.001)

N1106 0 171.5% 7.2 0.65£0.1 263.8+11.1
(7) 200 144.9213.9 0.66+0.1 219.5%21.1 (p=0.010)

400 131.8+ 8.8 0.80+0.1 164.8%+11.1 (p<0.001)
800 133.6% 1.9 0.75¢0.17 178.1+ 2.6 (p<0.001)
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(Table 4.1 contd.)

Cell [CsA] Accumulated Cellsx10° Fluorescence

strain

(passage) ng/mL Fluorescence per well per 10° cells

N606B 0 14.7t 2.6 0.57£0.2 25.8% 4.5
(9) 200 12.7t 1.4  0.57£0.2  22.5% 2.6 (p=0.140%)
400 14.3% 3.5  0.54:0.2  26.8% 6.6 (p=0.780%)
800 10.8% 1.2  0.55%0.2  19.6% 2.1 (p=0.012)

HUGE-12 0 569.3%34.2 0.97+0.3 586.9+35.3

(4) 800 373.9%15.3 1.05x0.2 356.1+14.6 (p<0.001)
HUGE-15 0 399.3%52.6 1.3240.2 302.5%39.9

(3) 800 266.7+35.2 1.2120.2  220.4+29.1 (p=0.016)
N1806 0 59.2+ 2.6 1.2620.3 47.0%x 2.0

(5) 200 60.5+ 2.8 1.45+0.2 41.7+ 1.9 (p=0.010)

400 26.6* 0.4 0.98+0.3 27.1+ 0.4 (p<0.001)
800 17.3% 3.1 0.46%0.1 37.6% 6.8 (p=0.037)

There was no significant difference between results at [CsA]
given and 0 ng/mL for N606B (Student's t-test, p20.05*). In
all other cases the depression of collagen digestion by Csa

was significant.
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4.3.2 Direct effect of cyclosporine A on collagenase
activity.

Cyclosporine A was not found to be an inhibitor of
gingival fibroblast collagenase per se but rather to enhance
the activity of the activated enzyme at 400 and 800 ng/mL of
CsA (Table 4.2). However, CsA did not activate the
procollagenase to an active form, since there was no enzyme
activity in the concentrated and non-activated samples from
the medium of '"CsA + DMEM-0" treated cells (CSA-8 in the
interleukin-1 study), which was seen to have "auto-release"
of collagenase after activating with trypsin (see below, but

for non-activated samples, data not shown).

4.3.3 Effect of cyclosporine A on concanavalin A
stimulation of fibroblast production of proteinases
and collagenase.

Fibroblasts rounded up after 10 to 24 hours' treatment
with ConA (Figure 4.2), which was a sign of the activity of
collagenase production (Aggeller et al., 1984b). Non-producing
cells did not show morphological changes (unpublished
observation). In the hrIL-1la- or hrIL-18-treated fibroblasts
(see below), this phenomenon was also seen (data not shown).
CsA did not inhibit the morphology changes induced by ConA or
hrilL-1a or hrIL-18 (data not shown). There was no significant
difference in the number of cells among the groups, as

determined by counting the number of cells after reculturing
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Table 4.2 Effect of CsA on capacity of the activated
collagenase-~containing samples (10 uL) to digest

fibrillar collagen.

[CsA] (ng/mL) Fluorescence
0 26.1% 11.%8
200 102.6+147.5 (p=0.420")
400 368.2+ 97.6 (p=0.004)
800 462.3+ 64.1 (p<0.001)

The data are the average of triplicate assays which were
subtracted with the control ("FITC-collagen + CsA 800 ng/mL"
without enzyme) and expressed as mean + S.D. Student's t-test
was performed for CsA at given concentrations and 0 ng/mL.
Statistical difference is accepted at p<0.05. NS* means non-

statistical difference.
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in DMEM-10 for 5 to 7 days. Thus, the cells rounded up after
ConA treatment were still alive.

No general proteinase or collagenase activity could be
detected in most of the samples of medium not incorporating
ConA in the five cell strains tested, except at day 3 of HUGE-
15 which showed slight enzyme activity without stimulation
(Tables 4.3.a and 4.3.b). ConA stimulated the release of
general proteinase and collagenase activity in all five cell
strains tested, although in three no effect could be detected
until day 2 (Tables 4.3.a and 4.3.b). In most cases, at each
day when proteinase and collagenase were detectable there was
a marked suppression by CsA in most cell strains tested. The
general proteinase activities were not completely parallel to
the collagenase activity in the same samples. In three cell
strains (CSA-11 at day 2, CSa-12 at day 3, HUGE-12 at day 2
and 3) CsA did not inhibit of general proteinase activity.
Trypsin (TPCK, 1 mg/mL) did not give measurable digestion
either in the assays of 5% SDS-PAGE, capillary or

fluorescence-labelled fibrillar collagen (data not shown).
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(b) Cells in DMEM-0 + ConA (25 pg/mL) (day 2).

Figure 4.2 Fibroblast (N1106, passage 5) morphology changes
in response to concanavalin A stimulation (Magnification x100,

phase contrast).
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Table 4.3.a Effect of cyclosporine A (800 na/mL) on general

proteinase activity (Azocoll assay).

Cell strain Medium Azocoll digestion (Ag,..)
(passage) (DMEM-0) Day 1 Day 2 Day 3
CSA-8 +No drug 0.004 0.006 0.006
(5) +CsA 0.002 0.003 0.003
+ConA 0.001 0.651 0.581
+ConA+CsA 0.000 0.099 0.053
Ccsa-11 +No drug 0.025 0.036 0.003
(5) +CsA 0.039 0.065 0.000
+ConA 0.517 0.831 0.875
+ConA+CsA 0.301 0.840 0.507
CSAa-12 +No drug 0.037 0.000 0.000
(4) +ConaA 0.002+0.004 0.001+0.003 0.000+0.001

+ConA+CsA 0.001+0.001 0.000+0.000 0.005+0.006




(Table 4.3.a contd.)
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Cell strain Medium

Azocoll digestion (Agy..)

(passage) (DMEM-0) Day 1 Day 2 Day 3

HUGE-12 +CsA 0.042 .000 0.061
(5) +ConA 0.351+0.253 .489+0.055 0.637+0.060
+ConA+CsA 0.015%0.002 .437+0.084 0.502+0.176

HUGE-15 +No drug 0.000 .000 0.107

(4) +CsA 0.000 .000 0.027
+Cona 0.000+£0.000 .383+0.124 0.726+£0.033
+ConA+CsA 0.001%0.000 .001+x0.001 0.027+0.021

In CSA-12 and HUGE-12, there was no '"mo drug" control. The
samples in the "+ConA" and the "+ConA+CsA' groups for HUGE-12
and HUGE-15 were¢ from duplicate flasks; while for CSA-12 they
were from 4 and 2 replicate flasks, respectively. The rest of
the samples had single flasks for each group. Duplicate assays
were done for each flask's sample. All the data were
substracted with "boiled control" (see Material and Methods)
All the

and the results are presented as Mean % S.D.

digestions were over 16 hours at 37°C. No Student's t-test

was done for this table.
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Table 4.3.b Effect of cyclosporine A (800 ng/mL) on

collagenase activity in fibroblast medium

(Capillary assay).

Cell strain Medium

Collagen digested (ug/16h.)

(passage) (DMEM-0)  Day 1 Day 2 Day 3

Csa-8 No drug 0.0:0.0 0.0£0.0 0.0£0.0
(5) +CsA 0.0£0.0 0.0£0.0 0.010.0
+ConA 0.0£0.0 11.9%0.5 10.420.0
+ConA+CsA 0.0£0.0 8.320.0 6.8+0.5
(p=0.095")  (p=0.022)
csa-11 No agent 0.0%0.0 0.0£0.0 0.0£0.0
(5) +CsA 0.0£0.0 0.0£0.0 0.0:0.0
+ConA 5.6x0.4 8.0£0.4 7.2%0.0
+ConA+CsA 2.4%0.0 4.0+0.4 3.2x0.4

(p=0.005) (p=0.011) (p=0.004)
Csa-12 No drug 0.0:0.0 0.0£0.0 0.0+0.0
(4) +ConA 0.0£0.0 4.0£1.0 5.620.6
+ConA+CsA 0.0%0.0 0.0£0.0 0.5+1.1

(p<0.001) (p<0.001)




108

(Table 4.3.b contd.)

Cell strain Medium Collagen digestion (ng/16h.)
(passage) (DMEM-0) Day 1 Day 2 Day 3
HUGE-12 +CsA 0.0£0.0 0.01£0.0 0.00.0
(5) +ConA 0.0+0.0 4.0+1.3 7.2+0.6
+ConA+CsA 0.0x0.0 4.0:0.4 (NS) 2.420.0

(p=0.680%) (p=0.002)

HUGE-15 No drug 0.0:0.0 0.0£0.0 2.410.0
(4) +CsA 0.0:0.0 0.0£0.0 2,410.0
+ConA 0.00.0 7.2+0.8 9.610.4
+ConA+CsA 0.0x0.0 0.0+£0.0 7.2%0.0

(p<0.001) (p=0.017)

The samples are the same as those in Table 4.2. The data (Mean
+ §.D.) are average of duplicate assays for each sample in
every group, except for HUGE-12 with triplicate for day 2 of
the "+ConA+CsA", day 3 of the "+ConA" and the '"+ConA+CsA"
groups; with 4 replicate assays for day 2 of the "+ConA"
group. Student's t-test was carried out for "DMEM-0+No drug"
with "DMEM-0+ConA" and '"DMEM-0+CsA" with '"DMEM-0+ConA+CsA".

Non-statistical difference (NS) is accepted at p20.05.
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4.3.4 Effect of cyclosporine A on human recombinant
interleukin-1a or interleukin-18 stimulation of
collagenase production by fibroblasts.

After culture of gingival fibroblasts in DMEM-10 to
confluence, exposure of the cells to hrIL-1a or IL-18 at 0.33
half maximum unit/mL for 3 days had a slight effect on the
proliferation of fibroblasts (Table 4.4). Both an increase
(in CSA-12) and a decrease (in CSA-8) the number of cells were
seen. In CSA-12 this effect of hrIL-1a or IL-18 was not seen
in the presence of CsA (800 ng/mL)

In the CSA-8 samples from day 2 and 3, the original
concentrated and activated medium had very strong collagenase
activity which resulted in digestion out of the linear range
in the collagenase assay by either the capillary method or
using 5% SDS-PAGE (data not shown). Therefore, further
dilution of the samples was required before repeating the SDS-
PAGE for collagenase assays.

Human recombinant IL-1a or hrIL-18 stimulated fibroblasts
(CSA-12 and CSA-8, both in passage 5) to produce collagenase
(Table 4.5, Figures 4.3 and 4.5). In CSA-12, the "capillary
assay" for collagen digestion was done by using samples
without dilution for 16 h at 37°C. In this experiment, CSA-12
had no measurable collagenase activity without hrIL-1a or
hrIL-18 and the stimulation effect was not apparent until day
2 (Figures 4.3 and 4.4.b). In C5A-8, the assay for collagen

digestion was done by incubating samples for 16 h at 37°C and
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the samples had no dilution for day 1, 2-fold dilution for day
2 and 10-fold dilution for day 3, respectively. CSA-8 had
detectable collagenase activity without any stimulation and
the hrIL-1a or hrIl-18 effects were seen in all three days'
culture (Table 4.5, Figures 4.5 and 4.6.a).

CsA enhanced the activated collagenase activity (Table
4.4, Figures 4.5 and 4.4.a), which was in agreement with the
previous finding, but not the non-activated one (data not
shown). CsA inhibited hrIL-1a- but not hrIL-18-stimulated
production of collagenase (Figures 4.3, 4.5, 4.6.b and 4.6.c).
The results of scanning the gel are presented in Figures

4.6.a, 4.6.b and 4.6.c.
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Table 4.4 Number of cells (x10°/flask) after 3 days' treatment
with human recombinant interleukin-1a or

interleukin-183.

(Group no.) Cell strains

DMEM-0 CSA-12 (passage 4) Csa-8 assage §
(1) No agent 2.3 5.0
(2)+CsA 2.3 5.0
(3)+hriL-1a 2.4 % 0.1 4.0 + 0.3

(p=0.050%) (p<0.001)
(4)+hrIL-1a+CsA 2.3z 0.2 4.4 ¢ 0.1
(p<0.001) (p<0.001)
(5)+hrIL-18 2.8 £ 0.1 4.6 + 0.1
(p<0.001) (p<0.001)
(6)+hrIL-18+CsA 2.2 % 0.1 4.3 + 0.1
(p=0.780") (p<0.001)

The average number of cells (mean + S.D.) was from two flasks
except group (1) and (2) which had single flask, respectively.
Group (3) and (5) were compared with group (1); group (4) and
(6) with (2) by Student's t-test. *Non-statistical difference
at p20.05.
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Table 4.5 Effect of cyclosporine A (800 ng/mL) on collagenase

activity in fibroblast medium (Capillary assay).

Cell strain Medium Collagen digested (pg/16h/1x106 cells)

(passage ) (DMEM-0) Day 1 Day 2 Day 3
Csa-12 (1) No drug 0.0+0.0 0.0£0.0 0.01£0.0
(5) (2)+CsaA 0.0:£0.0 0.0£0.0 0.0£0.0
(3)+hril-1a 0.0£0.0 7.2+1.2 8.4+0.9
(4)+hrIL-1a+CsA 0.0:0.0 0.0£0.0 1.9+2.0

(p<0.001) (p<0.001)

(5)+hriL-18 0.0£0.0 0.0+0.0 1.922.0
(6)+hrIL-18+CsA 0.0%0.0 7.0x2.1 10.2£1.9
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(Continue Table 4.5)

Cell strain Medium Collagen digested (ug/16h/1x10° cells)

(passage) (DMEM-0) Day 1 Day 2 Day 3
CSA-8 (1) No drug 0.0%0.0 5.2:1.4 0.0£0.0
(5) (2)+CsA 0.0+0.0 3.1+0.0 0.0+0.0
(3)+hrIL-1o 6.3+1.8 6.4:0.7 3.6%0.6
(4)+hrIL-10+CsA  0.0+0.0 4.0£1.0 0.0£0.0

(p<0.001) (p=0.003) (p<0.001)

(5)+hrIL-18 3.6:0.9 6.4:0.5 2.8:0.6
(6)+hrIL-18+CsA 3.5%1.2 7.3£0.0 2.7+0.5
(p=0.900") (p=0.064%) (p=0.65")

The data (MeaniS.D.) are average from 4 to 6 replicate
capillary assays for each duplicate samples in each group,
except for group (1) or (2) which are from duplicate or
triplicate capillary assays for each of the single sample.
Student's t-test was carried out by comparison of group (3)
with (4) or (5) with (6). ‘Non-significant difference is

accepted at p20.05.
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Figure 4.3 Effect of cyclosporine A on hrIL-1a~- or hrIL-18-
induced collagenase production by gingival fibroblasts (CSA-
12, passage 5): SDS-PAGE (5%) for collagenase activity assay.
Day 2 Samples were concentrated and activated from the culture
medium and incubated with collagen for 16 h. at R.T. Lane 1
= no enzyme control; Lane 2 = DMEM-0; Lane 3 = DMEM-C + CsA
800 ng/mL; Lane 4 and 5 = DMEM-0 + hrIL-1a; Lane 6 and 7 =

DMEM-0 + hrIL-18; Lane 8 and 9 = DMEM-0 + hrIL-1a + CsA 800

ng/mL; Lane 10 and 11 DMEM-0 + hrIL-18 + CsA 800 ng/mL.
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Figure 4.4.a Scanning a 5% SDS-gel for 'no enzyme control".



Figure 4.4.b Scanning the gel in Figure 4.3 for lane 2 (DMEM-
0) and lane 3 (DMEM-0 + CsA 800 ng/mL). No collagenase

activity was seen in these two samples.
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Figure 4.5 Effect of cyclosporine A on hrIL-1a- or hrIL-18-
induced collagenase production by gingival fibroblasts (CSA-
8, passage 5): SDS-PAGE (5%) for collagenase activity assay.
a. Day 2 samples; b. Day 3 samples. Samples were concentrated
and activated from the culture medium and diluted 70-fold
before incubation with collagen for 3 h. at R.T. Lane 1 = no
enzyme control; Lane 2 = DMEM-0; Lane 3 = DMEM-0 + CsA (800
ng/mL); Lane 4 and 5 = DMEM-0 + hrIL-1a; Lane 6 and 7 = DMEM-
0 + hrIL-18; Lane 8 and 9 = DMEM-0 + hrIL-1a + CsA (800

ng/mL); Lane 10 and 11 = DMEM-0 + hrIL-18 + CsA (800 ng/mL).
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Figure 4.5.b Day 3 samples



Figure 4.6.a Scanning the gel in Figure 4.5.a for lane 2
(DMEM-0) and lane 3 (DMEM-0 + CsA 800 ng/mL). This cell strain
had measurable collagenase activity without stimulating agent
presence in the culture medium. CsA enhanced the activity of

the activated collagenase.
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Figure 4.6.b Scanning the gel in Figure 4.5.a for lane 4
(DMEM-0 + hrIL-la) and lane 9 (DMEM-0 + hrIL-1a + CsA 800
ng/mL). CsA inhibited hrIL-1a-induced collagenase production

at about 50% in this 10-fold diluted sample.
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Figure 4.6.c Scanning the gel in Figure 4.5.a for lane 7
(DMEM-0 + hrIL-18) and lane 10 (DMEM-0 + hrIL-18 + CsA 800
ng/mL). CsA did not affect the effect of hrIL-18 on

stimulating collagenase production by fibroblasts
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4.4 DISCUSSION

It was previously reported that CsA either increased or
decreased collagen production (Coley et al., 1986; Tipton and
Dabbous, 1986). Our results showed that the fibroblasts were
stimulated to produce collagenolytic metalloproteinases in all
four experimental systems studied here, i.e., culture on a
layer of fibrillar collagen and culture in the presence of
ConA, hrIL-1a or hrIL-18. This is the first direct evidence
that the degradation of fibrillar collagen by fibroblasts is
affected by CsA at therapeutic concentrations. Our results are
in agreement with those reported by McGaw and Porter (1988)
who observed the reduction of frequency of occurrence of
intracellular collagen profiles in CsA-induced hyperplastic
tissue.

Zebrowski et al (1988) reported that CsA (250 and 500
ng/mL) had no direct effect on collagenase production. This
is probably because no agent was added for stimulation of
collagenase production in their culture system. In previous
work more than 20 cell strains from human gingival fibroblasts
have been studied in this laboratory; and it was noticed that
in the absence of such stimulation most of these strains
secrete very little enzyme (P.G. Scott, unpublished data). In
the present study, one exception was seen in CSA-8 (passage
5) in the hrIL-1 experiment (see above). However, this cell
strain (also in passage 5) was not seen to produce any

collagenase in the non-stimulated group in ConA experiment
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(see above). It may be that the cells changed their properties
of enzyme production either during the process of freezing,
storage or thawing. The failure to use any method to stimulate
enzyme production may have been responsible for one report
(Heath et al., 1983) that gingival fibroblasts did not secrete
collagenolytic metalloproteinases and for the inconsistent
results of preliminary studies on the effect of CsA on
collagenase production in vitro.

The mechanism by which CsA enhanced the activity of
activated collagenase (see above) is not understood. It is
possibly by way of some physical hydrophobic interaction
between CsA and the activated collagenase. Since the enzyme
activity from the fibroblast culture medium in the presence
of stimulating agents and CsaA declined, this suggests that the
drug inhibits the production of metalloproteinases in response
to stimulating agents rather than simply acting as a
collagenase inhibitor. In the presence of CsA the fibroblasts
still underwent morphology changes in response to ConA or
hrIL-1 treatment, which again suggests that CsA does not act
on the membrane of the cells (see Chapter II).

In the experiment on the effect of CsA on Coni-
stimulation of collagenase production, one potential error is
in the number of the cells. The data in Tables 4.3.a and 4.3.b
were not corrected for number of cells, due to the difficulty
of trypsinizing the cells off the culture flasks after Cona

treatment. This problem was later overcome by quantifying the
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total DNA by the ethidium fluorescence assay (Morgan et al.,
1979) (see chapter V).

Gingival fibroblasts can produce several types of enzyme
such as collagenase, gelatinase, stromelysin and telopeptidase
(for a review, see Birkedal-Hansen, 1988). The samples
prepared for general proteinase and collagenase assays were
actually a mixture of enzymes. The collagenase assays used in
the present studies are very specific. Although the Azocoll
assay is unspecific, it is a simple way to test proteinase
activity.

Several case reports have remarked on the association
between inflammation and hyperplasia (for a review, see
Chapter I) and a positive correlation between severity of
gingival overgrowth and gingivitis and plaque indices has been
shown (McGaw et al., 1987). Within inflamed gingiva, IL-1 and
other mediators of inflammation could increase both
biosynthetic and degradative activity of fibroblasts (see
Introduction). It is not clear what is the intracellular
transduction signal for IL-1a and/or IL-18. Ojima et al.
(1989) reported an enhancement of IL-1-induced procollagenase
production by fibroblasts in co-culture with activated
macrophages with the calmodulin inhibitor W-7 [N-
6 (aminohexyl)-5-chloro-naphthalenesulfonamide]. Georgilis et
al. (1987) showed that IL-18 (100 ng/mL, or 100 half-maximal
T cell stimulating units/mL) did not significantly change the

intracellular free calcium concentration ([Caa]i). We had
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observed that hrIL-1a (24 half-maximal units/mL) or hrIL-18
(20 half-maximal units/mL) had no effect on the [Ca®]i of
fibroblasts, as assayed by the Fura 2 method (X. F. Fan and
P.G. Scott, unpublished data). After binding to the receptors
on diploid fibroblast membranes, IL-18 was found to be
internalized and located in the nucleus after 1 to 4 h.
(Qwarnstrom et al., 1988). Whether IL-1a acts in a similar way
on fibroblasts is unclear.

It is not understood why CsA selectively inhibits hrIL-
lo-but not hrIL-18-induced collagenase production in
fibroblasts. CsA did not directly act on the IL-1 receptor in
T lymphocytes (Tracey et al., 1988). Since there is no
difference in IL-1a and IL-18 receptors on a variety of murine
and human cells (Dower and Urdal, 1987), the intracellular
pathway for the action of IL-1a and IL-18 is likely to be the
same. However, our results indicate that IL-1a and IL-18 could
possibly have different intracellular mechanisms in
fibroblasts. An alternative explanation could be that CsA
interacts with IL-1a or IL-18 extracellularly. The CsA-IL-1a
complex could be inactive, while the CsA-IL-18 is still
active. In support of this hypothesis is the fact that the
amino acids involved in receptor binding in IL-1a and IL-18
are different (McDonald et al., 1986; Gronenborn et al.,
7988). Alternatively, CsA could selectively bind to hrIL-1a
but not to hrIL-18 in the extracellular solution. This is

possible since hrIL-1a is found to be more hydrophobic than
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hrIL-18 when the amino acid sequences for these two peptides
are «or ared (P.G. Scott, personal communication).

If collagen synthesis is increased by CsA per se or by
an inflammatory mediator such as IL-1 (see above), and the
stimulation of collagen degradation in vivo is inhibited
concurrently, as it is in these in vitro model systems, it
could result in an imbalance in connective tissue metabolism.
This may explain, at least in part, the hyperplasia directly
caused by the drug and/or complicated by local inflammatory

“mlation in gingiva. The precise mechanism ky which CsaA

- ith collagen breakdown or synthesis is not known.
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CHAPTER V
COMPARISON OF SOME OF THE EFFECTS OF NIFEDIPINE AND PHENYTOIN

WITH CYCLOSPORINE A ON GINGIVAL FIBROBLASTS IN VITRO

5.1 INTRODUCTION

Three different classes of drugs have been frequently
reported to cause the side-effect of gingival hyperplasia.
They are phenytoin (PHT) (Panuska et al., 1960), nifedipine
(NF) (Lederman et al., 1984; Barak et al., 1987) and
cyclosporine A (CsA) (see Chapter I). There is a great
similarity among these drug-associated gingival hyperplasia
in terms of onset, pathology and clinical treatment (for
reviews, see Butler et al., 1987 and Chapter I). The molecular
mechanisms of their side-effects on gingiva are not
understood.

Little is known about the effect of NF on gingival
fibroblasts. However, for the PHT-induced gingival hyperplasia
(PHT-GH), which has been studied for five decades, there were
many reports on the direct effects of PHT on gingival
fibroblasts. It was reported that PHT at 5 pug/mL and 10 pg/mL
in culture medium increasec fibroblast growth (Shafer, 1960;
Zebrowski et al., 1988). Both total protein and collagen
synthesis were increased about 2-fold by the fibroblasts from

PHT-GH tissue compared to fibroblasts from normal individuals

141
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(Hassell et al., 1976). PHT also stimulated normal fibroblasts
to synthesize more proteins and collagen if exposed to the
drug for a longer period than was required by PHT-GH responder
cells (Benveniste and Bitar, 1980). Narayanan et al. (1988)
showed that overproduction of collagen in PHT-GH resulted from
an increased steady state level of collagen mRNA. Increased
accumulation of sulfated glycosaminoglycans, which were mainly
in the form of proteoglycans, was also found in the cultures
of fibroblasts from PHT-GH (Ballard and Butler, 1974; Kantor
and Hassell, 1983). Hassell (1982) reported that collagenase
secreted by the fibroblasts from PHT-GH responder was mainly
inactive even after brief proteolytic treatment with trypsin.

Zebrowski et al. (1988) cultured human gingival
fibroblasts in £~ ai-containing growth medium. They found that
collagenase activity was decreased by PHT (5 and 10 ug/mL),
increased by NF (0.1 and 0.2 pg/mL), and unaffected by CsA
(0.25 and 0.5 pg/mL). All three drugs at the concentrations
used increased the DNA contents of the cells.

We had been investigating a variety of biological effects
of CsA on gingival fibroblasts in vitro. The major findings
of our previous studies were: (1) CsA is not a mitogen for
fibroblasts; (2) CsA may not act directly on the cell
membranes; (3) CsA can be rapidly concentrated inside the
fibroblasts' cytosol; (4) CsA directly suppresses the capaity
of gingival fibroblasts to degrade fibrillar collagen; and (5)

CsA depresses concanavalin A- (ConA) or human recombinant
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interleukin-1(a)-induced collagenase production by
fibroblasts. However, in cell free collagenase-containing
samples, it directly enhances the activity of the activated
collagenase (see Chapters II, III and IV for detail). These
findings stimulated us to compare some of the effects of EHT
and NF with CsA on gingival fibroblasts by using the methods
established in previous studies.

The objectives of this study were: to investigate the
effects of PHT and NF on the growth rate of gingival
fibroblasts; the effects of PHT and NF on the degradation of
fibrillar collagen and collagenase production by fibroblasts
in yvitro. The results were compared with those of Csa
described in previous Chapters. Our results indicate that
these three drugs may not have the same mode of action on

fibroblasts.

5.2 MATERIALS AND METHODS

Cell strains and cell culture materials were the same as
in Chapter II. All the cell cultures were done in the Forma
€9, cell culture incubator which was set up as before (Chapter
II). The stock solutions of both PHT (Sigma) and NF (Sigma)
were prepared in 95% ethanol at 10 mg/mL and 0.2 mg/mL,
respectively. The working solutions of NF (0.2 ug/mL) and PHY

(10 pg/mL) were always prepared in the medium (DMEM-10 or
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DMEM-0, see below) containing ethanol at the concentration of
¢ 0.7%. Most of the experimental methods used in this paper
follewed those used in Chapters II and IV.

Briefly, for the measurement of cell growth rate, about
0.5x10* cells were seeded into each well (in 4 replicate wells
for e¢ach treatment) of the 24-well cell culture plates in the
presence or absence ¢f PAT (1) pg/mL) or NF (0.2 pg/mL) in
DMEM-10 (Dulbecrt’s modified Eagle medium supplemented with
10% fetal calf serxum, see Chapter II). The cells were fed
every 2 to J days and harvested with 0.25% trypsin
IWorthington, 1:253) at day 1, 3, 5, 7, 9, 10, 11 and 13, or
at day 1, 3, 5, 7, 9, 11, 13 and 14. The cell suspensions were
then prepared for counting the number of cells with a Coulter
counter (Model ZM) as described before (Chapter II). For
fibroblasts degrading the FITC- (fluorescein isothiocyanate)
labelled fibrillar collagen, the FITC-collagen-coated wells
in the 24-well plates had been incubated with PBS (phosphate
buffered-saline) for 7 days with daily changes of fresh PBS
to reduce the auto-released fluorescence to a suitable level.
Fibroblasts were then seeded at confluent density (about 2.4
to 2.5x10° cells/well) and incubated in DMEM-10 for 4 days. At
day 1, no drug was added into the medium, but at day 2, 3 and
4, PHT (10 pg/mL), NF (0.2 ;'3/mL) or CsA (0.8 pg/mL) was added
into the culture medium, with 3 to € replicate wells for each
group (see below)}. The medium in the wells was collected every

day and the cells were refed with DMEM-10 with or without NF,
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PHT or CsA. The fluorescence in the culture medium was
measured with a Perkin-Elmer LS-5 luminescence
spectrophotometer as in previous experiments (Chapter IV). The
cells wer harvested by 0.25% trypsin (1:250) and 25 units of
bacterial collagenase {(Worthington, CLSPA) as before (Chapter
IV). In order to study the effect of NF or PHT on collagenase
production by fibroblasts, cells had been grown in DMEM-10 to
confluence in the 75 cm? flasks in about 2 weeks. The cells
were incubated in DMEM-0 (serum free medium supplemented with
5% 1lactalbumin hydrolysate, from DIFCO Laboratories) (12
mL/flask) with or without 25 ug/mL ConA (Pharmacia), 10 ug/mL
PHT or 0.2 pg/mL NF for “hree days. The media were collected
each day and the fresh medium added to the flasks. The samples
were concentrated with ammonium sulfate (Schwarz/Mann.Biotech,
Ultra Purem), then activated by trypsin (Worthington, TPCK).
Soybean trypsin inhibitor was added to terminate the action
of trypsin, as described in Chapter IV. These concentrated
(about 10-fold) and activated samples were in Tris~HCl buffer-
1 (0.2 M-KC1/0.005 M-CaCl,/0.02%, w/v, sodium azide,; 0.05 M
Tris-HCl, pH 7.4). The acid soluble collagen (ASC) prepared
from bovine skin in our laboratory (E. Edwards) and the stock
solution was 2 mg/mL in 0.01 M acetic acid (Chapter IV). The
working solution of ASC was 1 mg/mL neutralized by 2-fold
concentrated Tris-HCl buffer-1, PH 7.4 (Chapter IV) and used
as collagenase substrate. The samples (50 uL), with or without

further dilution with Tris-HC1 buffer-1, were incubated with
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50 pL of the enzyme substrate at room temperature (R.T) for
2 to 16 h., depending on the enzyme activity in the samples.
After terminating the incubation, the above enzyme and
substrate (digested and/or denatured) mixtures were prepared
for running on 5% SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis) for collagenase activity
assays (Chapter IV). The M.W. standard, as well as a no-enzyme
control were added onto the gels for SDS-PAGE (Chapter IV).
The collagen added to the gei was about 6 or 12 pg/lane.

In order to overcome the problem of correcting the
collagenase activity with the cell number in the ConA-treated
fibroblasts, the total DNA concentrations of the cells in a
culture flask were quantified by the ethidium bromide (Sigma)
fluorescence assay (Morgan et al., 1979). At day 3 of the
experiment we attempted to trypsinize fibroblasts off the
flasks but most of the ConA-treated fibroblasts were not
released. The cells were then soaked in 4 mL of PBS for
freezing (at -20°C) and thawing (at R.T.) each for 2 h. and
three times, respectively. The solutions which contained the
soluble components (including DNA) of the cells were collected
and pooled with the trypsinized fraction of the cells (about
8 mL per sample in total volume). The samples were extracted
with 20 mL of 95% ethanol twice to remove 1lipids. The
precipitates were recovered by centrifugation at 8300 rpm, 4°C
for 30 mim. The sediments were then treated with 5 mL of 0%

cold TCA (trichloroacetic acid, Fisher) twice to remove the



147
acid soluble contents and the precipitates were recovered as
above (Schneider, 1957). The samples were redissolved in 5 mL
of Tris-HCl buffer-2 (5 mM-Tris-HC1/0.5 mM EDTA, pH 8.0).
Usually the samples were not completely dissolved in the
buffer because of the impurity of the DNA, but this is not
expected to affect the ethidium bromide assay.

The DNA-containing sample (0.05 i, in duplicate) was
mixed with 2.45 mL ethidium bromide-containing buffer (0.5
pug/mL of ethidium bromide in Tris-HC1 buffer-2, pH 8.0) in a
polystyrene cuvette (1x1 cm). The fluorescence levels were
measured in the Perkin Elmer LS-5 luminescence
spectrophotometer with excitation wavelength 475 nm (slit
width = 5 nm) and emission wavelength 595 nm (slit width = 20
nm). The instrument was zeroed with the control (0.05 mL Tris-
HCl buffer-2 in 2.45 mL ethidium bromide-containing buffer).
The calibration curve for DNA (at concentrations of 0.2, 0.4,
0.6, 0.8 and 1.0 ng/mL) was prepared in a similar way in
duplicate with purified bovine spleen DNA (from Dr. R.A.
Morgan, Dept. of Biochemistry, University of Alberta). The
DNA standa:rd was about 90% pure as determined by spectro-
photometry (Varian. Model DMS 200) with ODy600m /ODpgory = 1.65
to 1.69, wherez:, 100% pure DNA should have ODyg00m/ ODogony = 1.8
(Maniatis et al., 1982).

The [DiMA] calibration ourve was linear over the
concentration range of 0.2 to 1.0 #g/mL (data not shown). The

DNA in the samples (5 mL/flask cells) was measured at 50-fold
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dilution. The [DNA] is presented as [DNA] ug/flask.

The bands of the denatured and/or digested collagen
resolved in the 5% SDS-PAGE gels were scanned with the Joyce-
Loebel Scanner at 530nm. The peak areas of a, and a, 3/4
fragments were measured with a digitizer (Model MOP-3, Carl
Zeiss 1Inc.). The percentage of collagen digestion was
calculated using the following equation:

(o, 3/4)x4/3

% of digested collagen= x 100%
(o, 3/4)x4/3+(ay)

Where o, and (a, 3/4) are the peak areas (mm?) in the

scans.

This percentage of digested collagen per sample was then
converted into percentage of digested collagen per 100 ug DN2&

in a sample.

5.3 RESULTS

5.3.1 Effects of nifedipine and phenytoin on gingival
fibroblast proliferation rate.
Effects of NF or PHT on fibroblast proliferation were
measured with four cell strains, i.e., normal cell strains:

N1106 and HUGE-15 and CsA-GH responder cell strains: CSA-8,
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CSA-12, passage 3, 4, 6 and 5, respectively. The number of
cells in each day (except day 0, the day of seeding cells) are
average . f 4 replicate wells counting 2 or 4 times each. While
at day 0, the cell suspensions prepared for seeding into the
wells were counted 4 times in each sample, except for HUGE-15
which was not counted at day 0.

The third order polynomial regressions for each growth
curve (i.e., "no drug", "NF" and "PHT") and "whole regression"
(average duata for all three treatments) in two cell strains
are shown in Figures 5.1.a and 5.1.b. All of the three
individual regression curves in each of the four experinents
had coefficient values (R-value) >0.97. They were so close to
each other that even the 'whole regression" curve also gave
a high correlation coefficient (R >0.98). It was therefore
concluded that the two drugs had no effect on fibroblast

proliferation. These results were similar to those with CsA

(Chapter 1II).
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Figure 5.1.a Effect of nifedipine or phenytoin on fibroblast
(HUGE-15, passage 4) proliferation. Third order polynomial
regressions for the growth curves were: (0-c¢+-e¢e-0-se-ee-0)
No drug (R=0.998); (e----- oo e) [NF] 0.2 ug/mL (R=0.999);
(Aeveebecesd) [PHT] 10 pg/mL (R=0.998); (————) "whole

regression" (R=0.997).
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Figure 5.1.b Effect of nifedipine or phenytoin on fibroblast
(CSA-8, passage 6) proliferation. Third order polynomial
regressions for the growth curves were: (0—¢e—ve_0-rr_ee0)
No drug (R=0.981); (e--—-- [ JE— °) [NF] 0.2 pg/mL (R=0.978);
(BececBeeced) [PHT] 10 pg/mL  (R=0.986); (————) '"Whole

regression" ( R=0.980).
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5.3.2 Comparison of the effects of nifedipine and
phenytoin with cyclosporine A on degradation of
fibrillar collagen by fibroblasts.

Unlike CsA, which strongly depressed the degradation of
fibrillar collagen by gingival fibroblasts in all of the cell
strains tested (Tables 5.1.a, 5.1.b and Chapter IV), NF and
PHT had no effects on the fibroblasts from two CsA-GH
responder cell strains (Table 5.1.b). Among three normal cell
strains tested, NF had a strong suppression effect on N1106,
a weak effect on HUGE-12 and no effect on HUGE-15 (Table
5.1.a). PHT also strongly inhibited the degradation of
collagen fibrils by N1106, but in HUGE-12 and HUGE-15, this
effect was weak (Table 5.1.a). The suppression of the
breakdown of fibrillar collagen by fibroblasts was strongest

by CsA (Table 5.1.a).
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Table 5.1 Comparison of the effects of nifedipine and
phenytoin with cyclosporine A on digestion of
fibrillar collagen by gingival fibroblasts.

a. Normal cell strains.

Cell strain Drug Accumulated Cellsx10°® Fluorescence

(passage) added Fluorescence per well per 1x10° cells

N1106 None 500.4%18.7 0.76%0.1 663.3:32.8
(7) [NF] 391.5%£18.7 0.75:0.1 535.2+57.7 (p<0.001%)
[PHT] 373.3433.2 0.86%0.1 444.5:48.7 (p<0.001)
[CsA] 278.76+7.6 0.75:0.1 373.4%29.8 (p<0.001)

HUGE-12 None 582.9+35.6 0.97+0.3 559.91234.2
(4) [NF] 455.8%52.8 1.00:0.2 452.2¢52.4 (p=0.041)
[PHT] 451.3:+ 7.7 0.8920.2 502.4% 8.2 (p=0.047)
[CsA] 370.4£15.9 1.05%0.2 356.5¢15.4 (p=0.001)

HUGE-15 None 399.3#52.6 1.32:0.2 302.5%39.9
(3) [NF] 352.2:28.1 1.28%0.2 275.8£22.0 (p=0.280%)
[PHT] 290.6460.4 1.29$0.1 226.0%47.0 (p=0.048)

[CsA] 266.7+¢35.2 1.21:0.2 220.2£29.0 (p=0.016)
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Table 5.1 Comparison of the effects of nifedipine and
phenytoin with cyclosporine A on 1ligestion of
fibrillar collagen by gingival fibroblasts.

b. CsA-GH responder cell strains.

Cell strain Drug Accumulated Cellsx10° Fluorescence

(passage) added Fluorescence per well per 1x10° cells

CSA-12 None 201.7+15.7 0.95:0.2 210.3%16.6
(4) [NF] 199.2+14.3 0.86+0.1 231.1%16.6 (p=0.150")
[PHT] 217.0+22.9 0.89+0.2 241.1%25.4 (p=0.110)
[CsA] 143.1£21.7 0.89%+0.17 160.80:24.3 (p=0.013)

CSA-8 None 259.8+12.0 1.49+0.2 190.4+15.5
(6) [NF] 266.2:19.4 1.29:0.3 223.5%40.0 (p=0.510")
[PHT] 259.1:42.4 1.37:0.4 214.7+59.1 (p=0.240%)

[CsA]l 204.7+13.3 1.4320.3 145.2%219.4 (p<0.000)

The data for N1106, HUGE-12, HUGE-15, CSA-12 and CSA-8 are
average of 8, 3, 4, 4 and 6 replicate wells, respectively.
The fluorescence levels are presented as 4 days' accumulated
fluorescence (MeantS.D.), with or without correction by cell
number. Student's t-test was done by comparison of each of the
"drug-containing group" with the '"no drug" one. ‘Non-

statistical difference is accepted at p20.05.
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5.3.3 Effects of nifedipine and phenytoin on collagenase
activity in the fibroblast culture medium.

Three cell strains were used to investigate the effect
of NF (0.2 ng/mL) or PHT (10 ug/mL) on ConA-induced
collagenase production by fibroblasts. The results were not
consistent.

In CSA-8 (passage 5), at day 1, all the activated samples

had slight collagenase activities and ConA did not enhance

presenc- of PHT data not shown). Since the enzyme activities
were very strong in the samples both at day 2 and day 3, the
collagenase substrate was incubated with 10-fold diluted
samples at R.T for 2 h. and the digestion was measured by the
5% SDS-PAGE. The gels of Figures 5.2.a and 5.2.b were scanned
and the peak areas of the a, and o, 3/4 fragments were measured
as described in Materials and Methods. The results were
presented in Table 5.2.

The cells produced measurable collagenase activities in
the non-stimulated group (i.e., culture in DMEM-0 without
ConA, NF or PHT) in all 2 and 3 days' cultures. At day 2 and
3, NF or PHT suppressed this "auto-release" of collager.ise
activity (Figures 5.2.a and 5.2.b). However, ConA overcame

this suppression effect of NF or PHT (Table 5.2).



Figure 5.2. Effect of nifedipine or phenytoin on concanavalin
A-stimulated collagenase production by gingival fibroblasts
(CsA-8, passage 5): SDS-PAGE (5%) for collagenase activity
assay. a. Day 2 samples; b. Day 3 samples. Lane 1 = no enzyme
contrel; Lane 2 and 3 = DMEM-0 (no drug); Lane 4 = DMEM-0Q +
NF (0.2 upg/mL); Lane 5 = DMEM-0+ PHT (10 pg/mL); Lane 6 and
7 = DMEM-0 + Cona (25 Mg/mL); Lane 8 and 9 = DMEM-0 + ConA (25
ug/mL) + NF (0.2 ug/mL); Lane 10 and 11 = DMEM-0 + CorA (25

ug/mL) + PHT (10 pg/mL).
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Table 5.2.a Effects of nifedipine or phenytoin on collagenase
activity in fibrablast medium. (Day 2 samples of

"5A-8, passage 5).

Sample Peak ar - mm’) [DNA] % of collagen
(DMEM-0) o3 a,_=2,4 (pg/sample) digested/100 pg DNA

No drug 177.1+£30.0 81.0+ 6.4 45.6* 4.4 15.9% 6.6

+NF 279.4 0.0 41.1+12.9 0.0
+PHT 227.7 0.0 51.1+ 3.4 .0
+ConA 176.7+14.6 89.9+50.3 56.4%+16.2 19.7+18.8

+Cona+¥F 152.9+ 5.7 100.0+ 2.0 48.8+ 1.4 23.9+ 0.7
(p=0.710%)

3%

+ConA+PHT %32.9+ 5.8 103.6%26.2 69.2+2:4. 18.6+ 2.9

(p=0.920")
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Table 5.2.b Effect oi nifedipine or phenytoin on collagenase

activity in fibreblast medium. (Day 3 samples of

Csa-8, passage 5).

Sample Peak are (mm) [DNA] % of collagen
(DMEM-0) Q a,_3/4 (py/sample) digested/100 pg DNA
No drug 154.9+ 8.1 47,4722 .1 4.6 4.4 12.4¢ 9.1
+NF 268.5 0.0 41,1+, .9 G.0
+PHT 227.7 0.0 51.1% 3.4 0.0
+ConA 176.0+ 4.5 162.9+62.0 56.4+16.2 30.8+25.1

+ConA+NF 60.8+ 4.7

+CONA+PHT 140.4237.1

177.8+14.8

87.2+51.5

48

69

.8 1.4 40.9% 1.5

(p=0.440")

.2220.. 17.8%214.8

(p=0.450%)

The data are from duplicate flasks for

S.D.), except "+NF"

and "+PHT"

which

all "peak areas" (Meant

had a single test for

each. The [DNA] are average of 2 to 4 replicate assays. In the

Student's t-tsst of "+ConA'" with "+ConA+NF' or '"+ConA+PHT",

nnon—statistical difference is accepted at p20.905.
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In CSA-12 (passage 4), no dilution or the samples of day
1 and day 2 for the cnllagenase activity asszy was required.
No collagenase act vity was found in any s-raples at day 1
(data not shown) or in any non-ConA-treated group. However,
at day 3 the collagenase activities in ConA-treated groups
with or without the presence of NF or PHT were too strong to
see any differences (data not shown). Only at day 2, the
results showed that NF decreased the ConA-induced collagenase
production (Figure 5.3). The lack of a statistically
significant effect of PHT may be ascribed to the very high
variability encounted in the DNA assay of these ce.l cultures
(Table 5.3).
Jn N1106 (passage 4), nc dilution cf the samples of day
1 and day 2 was required. No "auto-releases' of collagenase
activity was d=tected in any sample. At day 1, the cells did
not respond to ConA-stimulation (data not shown). At day 2 and
3, this stimulation was remarkable. At day 2, NF suppressed
whilst PHT enhanced the ConA effects on the cells (Figure 5.4
and Table 5.4). At day 3, the enzyme activities were too
strong to see any differences between the groups (data not

shown) .
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Figure 5.3 Effect of nifedipine or phenytoin on conrcanavalin
A-stimulated collagenase production by gingival fibroblasts
(CSA-12, passage 4): SDS-PAGE (5%) for the collagenase
activity assay. The concentrated and activated day 2 samples
were not diluted before incubation with the collagen at R.T.

DMEM-0

for 16 h. Lane 1 = no eénzyme control; Lane 2 and 3

(no drug); Lane 4 = DMEM-0 + NF (0.2 ug/mL); Lane 5 = DMEM-0
+ PHT (10 pg/mL); Lane 6 and 7 = CMEM-0 + ConA (25 ug/mL);
Lane 8 and 9 = DMEN-0 + ConA (25 pg/mL) + NF (0.2 ug/mL); Lane

10 and 11 = DMEM-0 + ConA (25 pg/mL) + PHT (10 ug/mL) .
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Table 5.3 Effects of nifedipine and phenytoin on collagenase
activity in fibroblast medium. (Day 2 samples of

CSA-12, passage 4).

Sample Peak areas (mm?) [DNA] % of collagen
(DMEM-0) o «,_3/4 (pg/sample) digested/100 pg DNa
No drug 64.31£11.6 0.0 38.4+2.5 0.0
+NF 66.9 0.0 55.0+2.8 0.0
+PHT 51.9 0.0 47.0£6.7 0.0
+ConA 7.5210.5 90.3:0.6 i%.5%2.6 64.8£6.0

+ConA+NF 42.8x0.3 30.4+3.3 39.12.5 31.1% 1.5
(p=0.016)

+ConA+PHT 53.0%£9.8 17.0:8.2 77.8%44.5 37.0+24.3
(p=0.260%)

The gel in Figure 5.3 were scanned and the area of two peaks
were measured. The data are average of duplicate flasks,
except "+NF" and "+PHT" which had single test, respectively.
The [DNA] are average of 2 to 4 replicate asiays (MeantS.D.).

"Non-statistical difference is accepted at p20.05.
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Figure 5.4 Effect of nifedipine or phenytoin on concanavalin
A-stimulated collagenase production by aingival fibroblasts
(N1106, passage 4): SDS-PAGE (5%) for the collagenase activity
assay. The concentrated and activated day 2 samples were not
diluted before incubation with the collagen at R.T. for 16 h.
Lane 11 = no enzyme control; Lane 1 and 2 = DMEM-0 (no drug);
Lane 3 = DMEM-0 + NF (0.2 ug/mL); Lane 4 = DMEM-0 + PHT (10
ng/mL); Lane 5 and 6 = DMEM-0 + ConA (25 pug/mL); Lane 7 and
8 = DMEM-0 + ConA (25 pg/mL) + NF (0.2 pg/mL); Lane 9 and 10

= DMEM-0 + ConA (25 ng/mL) + PHT (10 pg/mL).
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Table 5.4 Effects of nifedipine and phenytoin on collagenase
activity in fibroblast medium. (Day 2 samples from

N1106, passage 4).

Sample Peak areas (mm?) [DNA] % of collagen
(DMEM-0) o ©,_3/4 (pg/sample) digestion/100 pg DNA
No drug 36.3x13.7 0.0 102.1% 5.1 0.0
+NF 76.1 0.0 (loss) 0.0
+PHT 69.0 0.0 62.39+15.0 0.0
+ConaA 22.2+7.9 42.920.1 7 '&37,0 33.1+3.8
+ConA+NF 57.6+%6.9 16.1:1.8 54.2+10.0 12.9x4.6

(p=0.040)
+ConA+PHT 41.9 62.0 29.5+ 6.0 48.5

{No statistics*)

The gel of Figure 5.4 were scanned and two of the peak areas
were measured. The data are average of duplicate flasks,
except "DMEM-0+NF" and "DMEM-0+PHT" which had a single test,
respectively. The [DNA] are average of 2 to 4 replicate assays
(Meant*S.D.). On comparison of "+ConA" with '"+ConA+NF" by
Student's t-test, NF significantly inhibited ConA effect on
the cells (p<0.05). 'No statistics for this sample due to the

fact that only one lane in the gel was scanned.
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5.4 DISCUSSION

Many hypotheses have been advanced to explain the
mechanism of PHT-GH, including ascorbic acid deficiency
(Kimball, 1939), adrenocortical derangement (Staple, 1953a and
1953b), hypersensitivity (Billen et al., 1964; van der Kwast,
1956; Angelopoulos, 1975), local action of breakdown products
of PHT (Brandon, 1948), and a direct action on fibroblasts
(see &ntroduction). In this paper, we focused the study of
drug-associated gingival overgrowth on the effects of PHT or
NF on gingival fibroblasts, especially in regards to collagen
catacolism.

The therapeutic concentrations in serum for PHT and NF
are 10 to 30 ug/mL and 0.025 to 0.1 ug/mL, respectively (Drug:
Facts and Comparison, 1987). The concentration of NF used in
this study was twice as high as the therapeutic concentration.
However, no toxicity to fibroblasts was found during the
experiment. Our results showed that PHT and NF at
concentrations 10 pg/mL and 0.2 pg/mL, respectively, had no
effect on the proliferation of fibroblasts, 1l1like CsA at
therapeutic concentrations (Chapter II). This does not agree
with reports by Shafer (1960) and Zebrowski et 2a1. (1988), The
reason for these different results is not clear.

The effects of both NF and PHT on suppression of the
degradation of fibrillar collagen by normal gingival

fibroblasts were cell strain dependent and it was usually
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weaker than CsA, but no effect was found on the two CsA-GH
responder cell strains tested. This indicates that CsA-GH cell
strains are not sensitive to NF or PHT.

The effects of NF or PHT on ConA-stimulated collagenase
production were not consistent in the 3 cell strains studied.
NF either decreased or did not affect the ConA-induced
collagenzse production, whilst PHT either had no effect or
enhanced the ConA effect. In one cell strain the fibroblasts
produced measurable collagenase without stimulation with ConaA.
NF or PHT inhibited the "auto-rnlease" o° collagenase
activity, but this effect was overcrr. hy ConA- s*imulation.
This is again in conflict with the repoxis from Zebrowski et
al (1988).

Since we do not have any NH- or PHT-Gh responder ell
strains, it is not appropriate to compare our results with
those presented by Hassell (1982), who showed that collagenase
secreted by PHT-GH responder fibroblasts was iunactive.
However, so far we have seen only little biological difference
between fibroblasts from CsA-GH responder, non-responder, or
normal cell strains in in vitro studies, i.e., NF and PHT did
not suppress the degradation of fibrillar collagen by
fibroblasts from CsA-GH cell strains. The negative result of
Hassel (1982) on collagenase activity assay was p{Obably due
to the failure to add a collagenase-stimulating agent to the
culture system (see Chapter 1IV).

In previous studies it was shown that CsA inhibited
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fibrillar collagen degradation in all the cell strains tested.
CsA also depressed ConA-, or human recombinant interleukin-
1(a)-induced collagenase production in all cell strain
measured Chapter IV). Hence, in the presence of a stimulating
agent, CsA has a more profound effect on suppressing the
collagen catabolism than does NF or PHT. However, in the
absence of a collagenase-stimulating agent, CsA du2s not
inhibit procollagenase production if there is any, whkile NF
Gr PHT do directly suppress this process.

In spite of the great similarity of these thre: 45 sa-
associated gingival hyperplasias in histopathology, we fa::ed
to show that they have a similer action mode in fibroblast
mntabolism of collager. by these in vitro studies. Comparison
of the results from this paper with our previous ones on CsA,
suggests that CsA, NF and PHT at therapeutic concentcrations
are not mitogenic to gingival filkroblasts. Their effects on
inhibition of fibroblast catabolism of collagen differ in
degree: CsA has the greatest effect, while the other two are
Ccell-strain dependent in the presence of a stimulating agent.

CsA-GH cell strains are not sensitive %o NF or PHT.
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CHAPTER VI

GENERAL DISCUSSION AND CONCLUSIONS

6.1 SUMMARY OF THE PREVIOUS STUDIES ON DRUG-ASSOCIATED

GINGIVAL HYPERPLASIA

The findings of our studies on the effects of
cyclosporine A (CsA), nifedipine (NF) or phenytoin (PHT) on
gingival fibroblasts are as follows (see Chapter II, III, IV
and V for detail):

(1) CsA, NF or PHT at therapeutic concentrations are not
mitogens for gingival fibroblasts.

(2) CsA can slightly enhance gingival fibroblasts to
phagocytose latex beads after 24 hours' incubation.

(3) CsA per se does not cause calcium influx nor does it
interfere with the calcium ionophore A23187-induced calcium
influx.

(4) CsA can rapidly pass through the fibroblast membrane and
is highly concentrated in the cytosolic fraction, probably by
the help of the intracellular binding molecule(s).

(5) The high affinity CsA-binding site in the cytosol has a
dissociation constant (Ky) of 2.6x1077 M, which is saturable
when extracellular [CsA] is 2 1.0 ug/mL. The K, for low
affinity binding, which is non-saturable at [CsA]l 2 1 pg/mL,

is too high to be determined.

172
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{6) CsA inhibits the degradation of fibrillar collagen by
fibroblasts; it also suppresses the production of collagenase
in response to stimulation by agents such as concanavalin A
(Cona) and human recombinant interleukin-ia (hrIL-1a).
However, CsA does not inhibit the effect of hrIL-18. CsA may
possibly bind to hrIL-l1a but not hrIL-18 extracellularly and
hence selectively depress the function of hriIL-1la.
(7) In comparing the effect of CsA on the catabolism of
collagen by fibroblasts with NF or PHT, CsA causes more
markely inhibits of degradation. Furthermore, the cells from
CsA-GH tissue are not sensitive to NF or PHT suppression of
the breakdown of fibrillar collagen. However, CsA only
depresses some stimulating agent-induced collagenase
production, while NF or PHT can directly inhibit the
production of collagenase by the cells.

Our results do not support the idea that these three
drugs may have a common molecular action mechanism in the
catabolism of collagen by fibroblasts. Although we did not
prove that CsA interferes with [Caa]i (intracellular free
calcium ion concentration) in the above study, the possibility
that [Caa]i changes are related to the regulation of
collagenase can not be excluded (Unemori and Werb, 1988).

In conclusion, the direct effect of one of these drugs
on gingival fibroblast is probably primarily responsible for
the side-effect of the drug-associated gingival hyperplasia.

Our results suggest that CsA most likely acts intracellularly
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rather than on the cell membrane. At a certain level, increase

of collagen synthesis in vivo may act as a feedback signal to
stimulate the production of collagenase. Therefore, the
suppression of the degradation of fibrillar collagen by CsaA,

NF or PHT seen in vitro may be of physiological significance.

The inhibition of some of the stimulatory agent-induced
collagenase production by CsA, NF or PHT could be one of the
major contributions to the drug-associated gingival
hyperplasia. It further suggests that 1local inflammatory

mediators in wvivo, which can both increase synthesis of

collagen and collagenase (Duncan and Berman, 1989) and thus
accelerate the gingival tissue metabolism, are very important

to the side-effect.
6.2 FUTURE TRENDS

6.2.1 The direct effects of cyclosporine A, nifedipine or
phenytoin on gingival fibroblasts.

In the direct effects of CsA, NF or PHT on gingival
fibroblasts, more work can be done in the field of collagen
metabolism, especially in regards to the precise action mode
of each of these drugs on the synthesis and degradation of
collagen. The cell membrane transduction system as well as the
intracellular signals related to the regulation of collagen
metabolism need to be studied. From the pharmacology and

previous experimental findings for these drugs (for a review,
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see Chapter I), the questions that can be directly asked are:
If CsA acts intracellularly, is it via cyclophilin, calmodulin
or other intracellular receptor? What is the physiological
function of cyclophilin or calmodulin in relation to collagen
metabolism? It was found that cyclophilin was identical to
the enzyme PPI (peptidyl prolyl cis/trans isomerase) (Schmid
et al., 1989), which is universal and non-specific in the
cytoplasm. Thus, whether the binding of CsA to cyclophilin
specifically affects the synthesis of collagen and/or
collagenase is uncertain. To answer these questions, the high
affinity intracellular binding molecule for CsA should be
purified and its biochemical and physiological properties
studied. For NF and PHT, the questions are: Does NF affect the
calcium channel of fibroblasts? Does PHT interfere with the
Na‘'-k*, Ca® and other ion flux in fibroblasts? Do all or any
of these observations relate to the regulation of collagen
metabolism?

Based on the previous studies, two more interesting
questions can be raised: (a) Except for collagen fibrils,
especially in the situation of gingival inflammation, what are

other col'agenase-stimulating agents in vive? (b) Do

fibroblasts from CsA-GH, NF-GH and PHT-GH behave differently
in response to the collagenase stimulation with
physiologically relevant agents other than fibrillar collagen

and IL-17?
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6.2.2. The contribution of other factors to the drug-
associated gingival hyperplasia.

In addition to the direct effect of the drug on
fibroblasts, other indirect factors may contribute %o these
drug-associated gingival hyperplasias. Among them, epithelial
cells, inflammatory mediators and the immune system all need
to be researched.

For the epithelial cells, the gquestions avre: Does CsA,
NF or PHT stimulate the proliferation of epithelial cells? Do
these epithelial cells produce less collagenase than the non-
drug-treated cells in the situation of gingivitis?

Connective tissue in gingivitis and periodontitis is
usuaily seen in the process of degradation rather than
overgrowth (Shafer et al., 1983) in the non-CsA-, non-NF-or
non-PHT-treated patients. Unlike drug-induced GH, gingiva
swelling during gingivitis is mainly due to inflammatory
filtration and edema. Even in the so called inflammatory-
induced "gingival hyperplasia", the histopathological features
only show a non-specific chronic inflammation (Shafer et al.,
1983) rather than the true fibrous hyperplasia. Then why does
connective tissue in drug-associated GH show an increase of
collagen content? It is obvious that the direct effect of Csa,
NF, or PHT on the suppression of the degradation of fibrillar
collagen, production of collagenase by fibroblasts (see above)
and the inhibition of the production of IL-1 (at low [CsA] 50

ng/mL, but not at higher [CsA] 100 to 150 ng/mL) by
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macrophages (Tipton et al., 1989) could greatly contribute to
the collagen accumulation in the side-effect of these drugs.
Whether other factors such as the effects of immune cells
(especially plasma cells) can play a role in the drug-
associated GH is unknown. Does immunoglobin (such as IgG)
increase in the gingival tissue? Can the IgG itself or
antigen-immunoglobin complex stimulate the production of

collagenase in vivo? If so, do CsA, NF or PHT depress their

effect?

There is a report that the decrease of collagenase
activity is a consequence of red ction of IL-1 production in
CsA-treated monocyte in the presence of lipopolysaccharide
(LPS) stimulation (Tipton et al., 1989). We have observed that
CsA can selectively inhibit the effect of IL-1a on the
stimulation production of collagenase. Although CsA seems to
be working extracellularly in this effect (Chapter IV), its
physiological importance cannot be evaluated until information
on the concentration of extracellular CsA in gingival tissue
is available. It is known that CsA at 1 ug/mL does not affect
mRNA levels of IL-1 in monocytes stimulated by LPS (10 ng/mL)
(Granelli-Piperno and Keane, 1988). However, the ratio of IL-
Ta and IL-18 produced in vivo by LPS-stimulated macrophages
during CsA treatment needs to be investigated.

In summary, future work in the above fields can help us
to have a better understanding of these drug-associated

gingival hyperplasias and to know more about the molecular
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mechanisms which balance collagen metabolism in the
physiological condition and its disturbance in pathological
situations. It mav also benefit the prevention and clinical

management of these side-effects in the future.
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