J Periodont Res 2007; 42; 3944
All rights reserved

The up-regulation of type |
plasminogen activator
inhibitor in human gingival
fibroblasts stimulated with
cyclosporin A
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nogen activator inhibitor in human gingival fibroblasts stimulated with cyclosporin A.
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Background and Objective: Cyclosporin A is used as an immunosuppressive agent
and its prominent side-effect is the induction of fibrous gingival overgrowth. The
progression of fibrous gingival overgrowth results from the accumulation of
extracellular matrix. Type I plasminogen activator inhibitor (PAI-1) acts as the
inhibitor of extracellular matrix degradation and is involved in some fibrotic
diseases. However, little is known about the correlation between PAI-1 and cy-
closporin A-induced gingival overgrowth. The aim of this study was to investigate
the effects of cyclosporin A on the expression of PAI-1 mRNA and protein in
human gingival fibroblasts human gingival fibroblasts in vitro and to compare
PAI-1 expression in normal healthy gingival tissues and cyclosporin A-induced
gingival overgrowth specimens in vivo.

Material and Methods: Quantitative reverse transcription—polymerase chain reac-
tion and western blot assay were used to investigate the effects on human gingival
fibroblasts exposed to cyclosporin A. In addition, 10 cyclosporin A-induced gingival
overgrowth specimens and five normal gingival tissues were examined by immu-
nohistochemistry.

Results: Investigations of the time dependence of PAI-1 mRNA expression in
human gingival fibroblasts treated with 200 ng/ml of cyclosporin A revealed a
rapid accumulation of the transcript: a significant signal was first detectable after
1 h of exposure and the signal remained elevated throughout the 24-h incubation
period (p < 0.05). Cyclosporin A was also found to up-regulate PAI-1 protein in a
time-dependent manner (p < 0.05). The PAI-1 staining in gingival tissue was
stronger in the cyclosporin A-induced gingival overgrowth group than in the
normal gingival group (p < 0.05). In the cyclosporin A-induced gingival over-
growth group, intensive staining for PAI-1 expression was observed mainly in the
cytoplasm of fibroblasts, endothelial cells and inflammatory cells.

Conclusion: These findings suggest that the up-regulation of PAI-1 may play
an important part in the molecular pathogenesis of cyclosporin A-induced
gingival overgrowth.
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Cyclosporin A is a cyclic endecapep-
tide immunosuppressant that is widely
used to prevent organ transplant
rejection and to treat various immuno-
logical diseases, such as rheumatoid
arthritis and psoriasis (1). Cyclosporin
A therapy is associated with a number
of major side-effects, including neph-
rotoxicity, hepatotoxicity, neurotoxic-
ity and gingival overgrowth (2,3).
Cyclosporin A-induced gingival over-
growth affects the gingiva of 30% of
treated patients (4) and is observed
as a papillary enlargement on the
labial aspects and coalesces of the
gingiva (5). Histological studies of
overgrowth tissues have indicated that
an accumulation of the extracellular
matrix within the gingival connective
tissue is a central feature of over-
growth tissues (3,6). It is probably a
consequence of imbalance between
synthesis and degradation of extra-
cellular matrix molecules by gingival
fibroblasts.

Type I plasminogen activator inhib-
itor (PAI-1) is a single-chain, 50-kDa
glycoprotein (7). Itis the major inhibitor
of tissue-type plasminogen activator
and  urokinase-type  plasminogen,
which activate plasminogen to yield
plasmin (8). Plasminogen activators
and inhibitors are thought to be key
participants in the balance of proteo-
lytic and antiproteolytic activities that
regulate extracellular matrix turnover.
PAI-1 was dramatically up-regulated
in some fibrotic diseases, including
bleomycin-induced pulmonary fibrosis
(9), carbon tetrachloride-induced liver
fibrosis (10), coronary ligation-induced
myocardial infarction (11) and areca
quid chewing associated-oral sub-
mucous fibrosis (12). Importantly, bleo-
mycin-induced fibrosis was severe in
transgenic mice overexpressing PAI-1,
but less so in PAI-1-deficient mice (13).

The levels of PAI-1 activities in the
gingival crevicular fluid of cyclosporin
A-treated renal transplant patients
have been investigated (14). The find-
ings suggest that the plasminogen-
activating system might involve the
pathogenesis of cyclosporin A-induced
gingival overgrowth. However, there
is limited information about the
regulation of PAI-1 expression in
cyclosporin A-induced gingival over-

growth, both in vitro and in vivo.
Fibroblasts are the principal cell type
residing in connective tissue and are
the cells responsible for the formation
and turnover of the extracellular ma-
trix. Fibroblast function is, in turn,
regulated by bioactive molecules act-
ing in the local tissue environment.
The purpose of this study was to
investigate whether the expression of
PAI-1 can be triggered in human
gingival fibroblasts by cyclosporin A
in vitro. In addition, the distribution
of PAI-1 in normal gingival tissues
and cyclosporin A-induced gingival
overgrowth specimens was evaluated
by using immunohistochemistry.

Material and methods

Tissue collection

The human biopsy materials used in
this study were obtained under the
guidelines of the Oral Medicine Center
and the Joint Research and Ethics
Committee of the Chung Shan Med-
ical University Hospital. Normal gin-
gival tissue samples were obtained
from five healthy individuals under-
going routine surgical crown length-
ening, with little, if any, evidence of
inflammation and no systemic medi-
cation. Redundant hyperplasic gingi-
val biopsy materials were obtained
from 10 renal transplant patients
receiving cyclosporin A therapy. These
patients had been taking cyclosporin A
for more than 1 yr and the dose had
been adjusted to maintain stable serum
levels of ~200 ng/ml. No sign of graft
rejection was detected in these renal
transplant patients. The samples were
obtained during surgical removal of
diseased gingival tissue as part of their
routine clinical management, which
also included intensive plaque control.

Cell culture

Human gingival fibroblasts were cul-
tured by using an explant technique, as
described previously (15,16). Five
healthy individuals were selected from
the crown-lengthening procedure for
this study. The normal gingival tissue
samples were minced using sterile
techniques and washed twice in phos-

phate-buffered saline supplemented
with antibiotics (100 U/ml penicillin,
100 pg/ml streptomycin and 0.25 pg/
ml of fungizone). Explants were placed
into 60-mm Petri dishes and main-
tained in Dulbecco’s modified Eagle’s
medium (Gibco Laboratories, Grand
Island, NY, USA) supplemented with
10% fetal calf serum (Gibco Laborat-
ories) and antibiotics, as described
above. Cell cultures between the third
and eighth passages were used in this
study.

Effect of cyclosporin A on PAI-1
mRNA and protein in human gingival
fibroblasts

Cells arrested in GO by serum depriva-
tion (0.5% fetal calf serum; 48 h) were
used in the experiments (17). Near-
confluent monolayers of human gin-
gival fibroblasts were washed with
serum-free Dulbecco’s modified Eagle’s
medium and immediately exposed, for
the indicated incubation times, to
200 ng/ml of cyclosporin A (Sigma, St
Louis, MO, USA). Total RNA was
collected at 0, 1, 3, 6 and 24 h for
reverse transcription—polymerase chain
reaction (RT-PCR). Cell extracts were
collected at 0, 1, 2, 4, 8 and 24 h for
western blotting.

RT-PCR

Total RNA was prepared using TRIzol
reagent (Gibco Laboratories) follow-
ing the manufacturer’s instructions.
Single-strand DNA was synthesized
from RNA in a 15-pl reaction mixture
containing 100 mg of random hexamer
and 200 U of Moloney murine leuke-
mia virus reverse transcriptase (Gibco
Laboratories). The reaction mixture
was diluted with 20 ul of water, and
3 ul of the diluted reaction mixture was
used for PCR amplification. The PCR
reaction mixture contained 10 pmol of
forward and reverse primers and 2 U
of Tag DNA polymerase. Amplifica-
tion was performed for 25 cycles for
glyceraldehyde-3-phosphate dehydrog-
enase (GAPDH) and for 30 cycles for
PAI-1 in a thermal cycle. Each cycle
consisted of 1 min of denaturation
at 94°C, 1 min of annealing at 57°C
and 1 min of extension at 72°C. The



sequences of primers used were as
follows (12): GAPDH forward:
5-TCCTCTGACTTCAACAGCGAC-
ACC-3" and reverse: 5-TCTCTCTT-
CCTCTTGTGCTCTTGG-3; PAI-1
forward: 5-ATCACCATCTTCCAG-
GAG-3 and reverse: 5-ATCACCAT-
CTTCCAGGAG-3'.

The PCR products were analyzed by
agarose-gel electrophoresis, and a 325-
bp band for PAI-1 was observed.
When the band densities were meas-
ured and compared with the density of
the band obtained for the housekeep-
ing gene, GAPDH, relative propor-
tions of mRNA synthesis were
determined within each experiment.
The intensity of each band, after nor-
malization with GAPDH mRNA, was
quantified by the photographed gels
using a densitometer (Alphalmager
2000; Alpha Innotech, San Leandro,
CA, USA).

Western blot

Cell extracts were solubilized with so-
dium dodecyl sulfate solubilization
buffer (5 mm EDTA, 1 mm MgCl,,
50 mm Tris-HCI, pH 7.5, 0.5% Trition
X-100, 2 mm phenylmethysulfonyl
fluoride and 1 mm N-ethylmaleimide)
for 30 min on ice. Then, cell lysates
were centrifuged (12,000 g at 4°C for
5 min) and the protein concentrations
determined with Bradford reagent
using bovine serum albumin as a
standard. Equivalent amounts of total
protein per sample of cell extracts were
run on a 10% sodium dodecyl sulfate
polyacrylamide gel and immediately
transferred to nitrocellulose mem-
branes. The membranes were blocked
for 2 h with phosphate-buffered saline
containing 3% bovine serum albumin,
rinsed, and then incubated with pri-
mary antibody (anti-PAI-1, diluted
1:500 in phosphate-buffered saline
containing 0.05% Tween 20) for 2 h.
After three washes with Tween 20 for
10 min, the membranes were incubated
for 1 h with biotinylated secondary
antibody diluted 1 : 1000 in the same
buffer, washed again as described
above, and treated with 1 : 1000
streptavidin—peroxidase solution for
30 min. After a series of washing steps,
the reactions were developed using
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diaminobenzidine (Zymed Laborator-
ies, San Francisco, CA, USA). The
intensities of the obtained bands were
determined wusing an Alphalmager
2000 (Alpha Innotech).

Immunohistochemistry

The surgically removed gingival tissues
were fixed by overnight incubation in
10% buffered formalin, and the speci-
mens were dehydrated in an ascending
series of graded alcohols and embedded
in paraffin. Five-micrometer sections
were stained with the monoclonal anti-
PAI-1 immunoglobulin (Santa Cruz
Biotechnology, Santa Cruz, CA, USA)
(1 : 100 dilution) using a standard avi-
din-biotin-peroxidase complex method.
3-amino-9-cthylcarbazole (DAKO,
Carpinteria, CA, USA) was then used
as the substrate for localizing the anti-
body binding. Negative controls inclu-

ded serial sections from which either
the primary or secondary antibodies
were excluded. The preparations were
counterstained  with  hematoxylin,
mounted with Permount (Merck,
Darmstadt, Germany) and examined
by light microscopy.

Statistical analysis

Triplicate or more separate experi-
ments were performed throughout this
study. Statistical analysis was per-
formed by one-way analysis of vari-
ance (ANovA). Tests of differences of
the treatments were analyzed by Dun-
can’s test.

Results

Investigations of the time dependence
of PAI-1 mRNA expression in 200 ng/
ml of cyclosporin A-treated human
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Fig. 1. (A) Induction of type I plasminogen activator inhibitor (PAI-1) mRNA expression in
human gingival fibroblasts with 200 ng/ml cyclosporin A. Human gingival fibroblasts were
exposed to cyclosporin A for the indicated times (0, 1, 3, 6 or 24 h). A DNA ladder of known
base pairs was used for the identification of polymerase chain reaction (PCR) products.
Expression of the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was used in
order to monitor equal RNA loading. (B) Levels of PAI-1 mRNA after treatment of human
gingival fibroblast with cyclosporin A were measured by Alphalmager 2000. The relative
level of PAI-1 mRNA gene expression for each sample was normalized against the GAPDH
mRNA signal and the control was set as 1.0. The absorbance values represent the means of
five different human gingival fibroblast strains + standard deviations. *Significant difference

from control values with p < 0.05.
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Fig. 2. (A) Induction of type I plasminogen activator inhibitor (PAI-1) protein expression in
human gingival fibroblasts with 200 ng/ml cyclosporin A and analysis by western blot.
Human gingival fibroblasts were exposed to cyclosporin A for the indicated times (0, 1, 2, 4, 8
or 24 h). Expression of B-actin was analysed in order to monitor equal protein loading. (B)
Levels of PAI-1 protein after treatment of human gingival fibroblasts with cyclosporin A were
measured by Alphalmager 2000. The relative level of PAI-1 protein expression was normal-
ized against the B-actin signal and the control was set as 1.0. Absorbance values represent the
mean + standard deviation. *Significant difference from control values with p < 0.05.

gingival fibroblasts revealed a rapid
accumulation of the transcript. A sig-
nificant signal was first detectable after
1h of exposure and the signal
remained elevated throughout the 24-h
incubation period (Fig. 1A). From the
Alphalmager 2000, the levels of the
PAI-1 mRNA increased ~2.5-, 3.3-,
4.0- and 2.1-fold after exposure to cy-
closporin A for 1, 3, 6 and 24 h,
respectively (Fig. 1B).

Expression of PAI-1 protein
human gingival fibroblasts challenged
with cyclosporin A was directly
assessed in cell lysates using western
blotting. Figure 2A shows that 200 ng/
ml of cyclosporin A up-regulated PAI-
1 protein expression by human gingival
fibroblasts. The kinetics of this
response demonstrated that PAI-1 was
first significantly detectable in cell
lysates at 4 h post cyclosporin A chal-
lenge, and the maximum PAI-1 protein
level induced by cyclosporin A
occurred at 24 h. From the Alphal-
mager 2000, the levels of the PAI-1
protein increased by ~1.2-, 1.4-, 2.0-,
2.8- and 3.7-fold after exposure to

in

cyclosporin A for 1, 2, 4, 8 and 24 h,
respectively (Fig. 2B).

The PAI-1 staining in gingival tissue
was stronger in the cyclosporin A-in-
duced gingival overgrowth group than
in the normal gingival group.
Figure 3A represents gingival tissue
obtained from the normal gingival
group with faint PAI-1 expression. In
the cyclosporin A-induced gingival
overgrowth group, intense red—brown
staining for PAI-1 expression was ob-
served mainly in the cytoplasm of fi-
broblasts, endothelial cells and
inflammatory cells (Fig. 3B).

Discussion

The biochemical events involved in the
development of the cyclosporin A-in-
duced gingival overgrowth are not well
understood at present, but the fibrino-
lytic pathway is believed to play an
important role. Cyclosporin A-induced
gingival overgrowth is thus probably a
consequence of disturbances in the
homeostatic equilibrium between the
synthesis and degradation of extra-

cellular matrix molecules. One of the
key regulators of fibrinolysis is the
plasminogen/plasmin system. Plasmi-
nogen is activated by tissue-type plas-
minogen activator and urokinase-type
plasminogen to plasmin, which pro-
mote the degradation of extracellular
matrix. This process is counterbal-
anced by PAI-1, which inactivates tis-
sue-type plasminogen activator and
urokinase-type plasminogen, resulting
in a decreased production of plasmin
and hence an accumulation of extra-
cellular matrix (18). Impaired fibrino-
lysis may result from increased
concentrations of the principal inhib-
itor of the fibrinolytic system, PAI-1.

PAI-1 is consistently and dramatic-
ally up-regulated in a variety of fibrotic
diseases (9-13). In this study, we
reported that the up-regulation of PAI-
I mRNA and protein expression
occurred in human gingival fibroblasts
stimulated with cyclosporin A. Our
results are in agreement with Shihab
et al. (19,20), who reported that PAI-1
was up-regulated in chronic cyclo-
sporin A nephropathy. However, in
gingival crevicular fluid samples, PAI-
2, but not PAI-1, was up-regulated in
patients with cyclosporin A-induced
gingival overgrowth (14). The reasons
for these differences are not clear. It
may be a result of the different sources
of specimens, as gingival crevicular
fluid was analysed by Budueneli et al.
(14), whereas human gingival fibro-
blasts and cyclosporin A-induced gin-
gival overgrowth specimens were tested
in this study. One previous study has
demonstrated that elevated plasma
PAI levels in cyclosporin A-treated
patients induce hypofibrinolysis (21).
This suggests that one of the patho-
genetic mechanisms of cyclosporin A-
induced gingival overgrowth may be
the synthesis of PAI-1 expression by
resident cells in response to cyclosporin
A challenge. The accumulation of
extracellular matrix components in
gingival connective tissue may be
caused by a simultaneous effect on
PAI-1.

In addition, PAI-1 immunostaining
was shown to be up-regulated in
cyclosporin A-induced gingival over-
growth specimens compared with
normal  gingival tissues.  Strong
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Fig. 3. (A) Very faint immunoreactivity of type I plasminogen activator inhibitor (PAI-1)
was observed in normal human gingival tissues (magnification 200x). (B) Strong immuno-
staining for PAI-1 was noted in the cyclosporin A induced gingival overgrowth specimens.
PAI-1 was evident as an intense red—brown color in the cytoplasm of fibroblasts, endothelial
cells and inflammatory cells. (magnification 200x). Blue arrow, inflammatory cells; red arrow,

endothelial cells; green arrow, fibroblasts.

immunostaining for PAI-1 was detected
in fibroblasts, endothelial cells and
inflammatory cells. PAI-1 deposition is
associated with cyclosporin A-induced
gingival overgrowth, suggesting that it
could play an important role in the
extracellular matrix turnover. These
phenomena prompted us to elucidate
that cyclosporin A-induced gingival
overgrowth may be caused by increased
synthesis and deposition of extracellular
matrix proteins, altered fibrolysis, or
both.

The other main extracellular pro-
teolytic system comprises the matrix
metalloproteinases (MMPs) and their
inhibitors. Recently, studies have
shown that a reduced production of
MMPs or an increased production of
MMP inhibitors by gingival fibro-
blasts, in response to cyclosporin A,
may contribute to the extracellular
matrix accumulation in the pathogen-
esis of cyclosporin A-induced gingival
overgrowth (22-24). Plasmin degrades
fibrin and several extracellular matrix

and adhesion proteinases and, by acti-
vation of procollagenases, may con-
tribute to collagen degradation (18).
Indeed, the plasmin-dependent path-
way is understood to be a significant
alternative pathway for the initiation
of extracellular matrix degradation by
MMPs (25). PAI-1, as a potent inhib-
itor of urokinase-type plasminogen,
was demonstrated to inhibit urokinase-
type plasminogen-induced, MTI-
MMP-mediated MMP-2 activation
(26). Thus, PAI-1 regulates plasmin

CsA

formation and fibrinolysis and,
through several different mechanisms,
plays an important role in the control
of MMP activation. The interaction
between MMPs and PAI-1 is worthy of
further investigation. In addition, the
local overall activity of the plasmino-
gen/plasmin system depends on the
interaction between activators and
inhibitors. However, to what extent
these molecules contribute to the
pathogenesis of cyclosporin A-induced
gingival overgrowth remains to be
determined.

In the present study, we have dem-
onstrated, for the first time, that PAI-1
is elevated in cyclosporin A-induced
gingival overgrowth specimens as
opposed to normal gingival tissues.
Data from our in vitro experiments
showed that cyclosporin A was capable
of stimulating PAI-1 mRNA and pro-
tein expression in human gingival fi-
broblasts. This suggests that one of the
pathogenetic mechanisms of cyclos-
porin A-induced gingival overgrowth
in vivo may be the synthesis of PAI-1
by resident cells in response to cyclos-
porin A challenge (Fig. 4). However,
the genetic and environmental deter-
minants of PAI-1 expression are still
incompletely understood.  Further
research is required, however, inclu-
ding detection of PAI-1 gene tranc-
ripts, specifically whether cyclosporin
A-induced gingival overgrowth evolves
solely as a result of increased/altered
de novo synthesis and deposition of
PAI-1 by cyclosporin A.

Moreover, the mechanism behind
the cyclosporin A-induced expression
of PAI-1 and other signal proteins still
remains to be elucidated. Cyclosporin
A has been found to increase trans-
forming growth factor-p (27) and AP-1

PAI-1 expression ¢ ]

[ ECM accumulation l—ﬂ Fibrosis ]

Fig. 4. One of the pathogenic mechanisms of cyclosporin A-induced gingival overgrowth
in vivo may be the synthesis of type I plasminogen activator inhibitor (PAI-1) by resident cells
in response to cyclosporin A challenge. ECM, extracellular matrix; HGF, human gingival

fibroblasts, human gingival fibroblast.
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activity (28) in human gingival fibro-

blasts.
very-low-density

In addition, angiotensin II,
lipoprotein  and

phorbol ester, require the activity of
mitogen-activated protein kinase to

induce

PAI-1 mRNA expression

(29,30). The signal transduction path-
way involved in PAI-1 expression may
prove versatile. Thus, the mechanisms
and signal transduction pathways in-
volved in the production of PAI-1
triggered by cyclosporin A might be

one important

issue for advanced

studies.
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