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Buduneli N, Buduneli E, Çinar S, Atilla G, Lappin D, Kinane D: Plasminogen
activators and plasminogen activator inhibitors in gingival crevicular fluid of
cyclosporin A-treated patients. J Clin Periodontol 2004; 31: 556–561. doi: 10.1111/
j.1600-051X.2004.00517.x. r Blackwell Munksgaard, 2004.

Abstract
Background: The plasminogen activator (PA) system plays many roles in the
inflammatory process and tissue remodelling and repair and is considered to play a
significant role in periodontal tissue destruction and healing. The aim of this study was
to evaluate the role of the PA system in cyclosporin A (CsA)-induced gingival
overgrowth in renal transplant patients.

Methods: Eighteen renal transplant patients exhibiting moderate to severe CsA-
induced gingival overgrowth, 10 other renal transplant patients receiving CsA therapy
but showing no sign of CsA-induced gingival overgrowth (CsA-H), 16 chronic
gingivitis patients (CG) and 16 systemically and periodontally healthy control subjects
(H) were included in the study. Gingival crevicular fluid (GCF) samples were obtained
from four randomly selected sites in each subject with the exception of the CsA-
induced gingival overgrowth group, where four GCF samples were harvested from
sites with severe overgrowth (CsA GO1) and from four sites without any gingival
overgrowth (CsA GO� ). The GCF levels of albumin, tissue-type plasminogen
activator (t-PA), urokinase-type plasminogen activator (u-PA), plasminogen activator
inhibitor 1 (PAI-1) and plasminogen activator inhibitor 2 (PAI-2) were analysed by
enzyme-linked immunosorbent assay. The results were tested for statistical
differences.

Results: In CsA GO1 sites t-PA levels were significantly elevated in comparison
with gingivitis and healthy sites, while PAI-2 levels in these sites showed statistically
significant differences only with CsA-H and gingivitis sites (po0.05). The levels of
t-PA and PAI-2 were significantly higher in CsA GO� sites compared with those of
CsA-H, gingivitis and healthy sites (po0.05). The levels of u-PA and PAI-1 failed to
show significant differences between the study groups.

Conclusions: The findings of the present study indicate alterations in GCF t-PA and
PAI-2 levels in CsA-induced gingival overgrowth and might suggest involvement of
the plasminogen activating system in the pathogenesis of this side-effect of CsA
therapy. However, to what extent these molecules contribute to the pathogenesis of
CsA-induced gingival overgrowth remains to be determined.
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The plasminogen activating system is of
central importance in extracellular pro-
teolysis and acts in both physiological
and pathological processes, such as
tissue repair, tissue remodelling, local

inflammatory reactions and neoplastic
growth and invasion (Ossowski & Reich
1983). Plasminogen activators (PAs) are
serine proteases that form part of the
complex enzyme cascade involved in

fibrinolysis and convert the proenzyme
plasminogen into the broad-spectrum
proteinase, plasmin. The resultant acti-
vated plasmin is not only responsible
for the degradation of fibrin, but also
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contributes directly and indirectly, via
activation of latent collagenase, to the
degradation and turnover of the extra-
cellular matrix (ECM) (Kruithof 1988).
Plasmin can be formed locally at sites of
inflammation by limited proteolysis of
its inactive precursor, plasminogen,
which circulates in plasma and inter-
stitial fluids (Deutsch & Mertz 1970).
The PAs are of two types: the tissue/
blood vessel-type plasminogen activator
(t-PA) and the urokinase-type plasmino-
gen activator (u-PA) (Dano et al. 1985,
Saksela 1985). The activity of the PAs
in turn are regulated by two different,
specifically acting plasminogen activa-
tor inhibitors (PAIs); one produced by
endothelial cells as well as various
normal and malignant cells; plasmino-
gen activator inhibitor 1 (PAI-1) (Dano
et al. 1999), and the other plasminogen
activator inhibitor 2 (PAI-2) is produced
in macrophages, epithelial cells, in the
placenta and other cells (Astedt et al.
1986, Kruithof et al. 1995).

Previous studies have indicated a
high concentration of t-PA and PAI-2
in gingival crevicular fluid (GCF) and
suggested that they may be involved in
the aggravation of gingival inflamma-
tion (Kinnby et al. 1996). Furthermore,
Xiao et al. (2000) have stated that t-PA
and PAI-2 may play a significant role in
periodontal tissue destruction and tissue
remodelling and that t-PA and PAI-2 in
GCF may be used as clinical markers to
evaluate the periodontal diseases and
assess treatment.

Cyclosporin A (CsA) is clearly suc-
cessful as a truly selective immunosup-
pressant drug, yet, CsA therapy is
associated with several adverse effects
including gingival overgrowth (Rate-
itschak-Plüss et al. 1983, Wysocki et
al. 1983, Pernu et al. 1992). The
incidence of CsA-induced gingival
overgrowth differs from 8% to 85%
among the studies depending on the
criteria used (Hassell & Hefti 1991,
Pernu et al. 1992, King et al. 1993). The
exact mechanism whereby CsA induces
gingival overgrowth remains largely
obscure. CsA-induced gingival over-
growth is characterized by thickening
of the oral gingival epithelium as well
as a marked increase in the ECM of
gingival connective tissue (Mariani et
al. 1993). CsA has been suggested to
affect epidermal growth factor receptor
(EGF-r) metabolism in gingival kerati-
nocytes resulting in an increased num-
ber of cell surface receptors, which may
eventually play a role in the pathogen-

esis of gingival tissue alterations (Bu-
duneli et al. 2001a). Another growth
factor, transforming growth factor-beta
1 (TGF-b1) has been reported to be
associated with alterations in matrix
deposition and matrix degradation
through its effect on PAI-1 in chronic
CsA nephrotoxicity (Shihab et al. 2000).
In a previous study, we have shown
significant increases in GCF TGF-b1
levels in CsA-treated patients in com-
parison with the healthy control subjects
(Buduneli et al. 2001b). Substantial
impairment of fibrinolytic activity by
CsA has been reported in renal trans-
plant patients (van den Dorpel et al.
1999). Furthermore, TGF-b1 has been
found to play a role in CsA-induced
tubulointerstitial fibrosis by stimulating
ECM protein synthesis and inhibiting
ECM degradation through increasing
the synthesis of PAI-1 (Shihab et al.
1997). It is likely that an alteration in
PA system acts in the pathogenesis of
CsA-induced gingival overgrowth.
However, the PA system has not been
investigated before in GCF of CsA-
treated patients. Therefore, the purpose
of the present study was to evaluate the
possible role of the PA system in CsA-
induced gingival overgrowth in renal
transplant patients.

Material and Methods

Study population

A total of 60 subjects were included in
the present study. Eighteen renal trans-
plant patients (eleven males and seven
females; mean age 32.3 � 7.2 years)
receiving CsA therapy and exhibiting
moderate to severe CsA-induced gingi-
val overgrowth and 10 other patients
(five males and five females; mean age
32.6 � 7.1 years) with renal transplan-
tations and using CsA, but exhibiting no
sign of CsA-induced gingival over-
growth were monitored. None of the
renal transplant patients exhibited any
sign of periodontitis, while gingivitis
was evident. These patients had been
taking CsA for more than 6 months and
the dose had been adjusted to maintain
stable serum levels of 80–300 ng/ml. No
sign of graft rejection was detected in
these renal transplant patients. Sixteen
patients with chronic gingivitis (seven
males and nine females; mean age
32.8 � 9.4 years) and no history of
treatment with drugs known to induce
gingival overgrowth were also included
in the study. There were 16 volunteers

in the healthy control group (seven
males and nine females; mean age
29.6 � 6.1 years) drawn from students
and staff of the dental school. These
volunteers were all systemically healthy
and had no history of periodontal
disease, that is, probing depths o3mm
and no attachment loss, clinical inflam-
mation, sulcular bleeding, or radio-
graphic evidence of bone loss.

Subsequent to GCF sampling, clinical
periodontal recordings including plaque
index (PI), papilla bleeding index (PBI)
(Saxer & Mühlemann 1975) and hyper-
plastic index (HI) (Pernu et al. 1992)
were performed prior to any periodontal
intervention. The degree of gingival
overgrowth was classified into four
categories based on the criteria of
Angelopoulos and Goaz as modified
by Pernu et al. (1992). Radiographic
examination was also carried out to
detect alveolar bone destruction. CsA-
treated patients without any sign of
alveolar bone loss were selected for
the present study. Serum CsA levels of
the CsA-treated patients were obtained
from their medical records.

Gingival crevicular fluid sampling

GCF samples were obtained from a total
of 304 sites from 60 people in five
groups. Group 1: CsA GO1 sites (four
sites with CsA-induced gingival over-
growth in each CsA-treated patient);
group 2: CsA GO� sites (four sites
without CsA-induced gingival over-
growth in each CsA-treated patient);
group 3: CsA-H sites (four sites in each
CsA-treated but gingival overgrowth
free patient); group 4: gingivitis sites
(four inflamed sites in each gingivitis
patient); and group 5: healthy sites (four
clinically uninflamed sites from each
periodontally healthy subject). Sampling
of GCF from CsA GO� sites could be
performed in 16 out of the 18 renal
transplant patients with CsA-induced
gingival overgrowth, since there was
no site without gingival overgrowth in
the remaining two patients.

Sampling sites were selected from
buccal aspects of the mesial and distal
surfaces at the interproximal sites. All
GCF samples were collected from
randomly selected sites of each subject.
Prior to GCF sampling, supragingival
plaque was removed by sterile curets
and, after air drying, the surfaces were
isolated by cotton rolls. Filter paper
strips (Periopaper, ProFlow Inc., Ami-
tyville, NY, USA) were placed in the

PA system in CsA-induced gingival overgrowth 557



orifices of gingival sulcus/pocket for
30 s. Care was taken to avoid mechan-
ical trauma and strips contaminated
with blood were discarded. The ab-
sorbed GCF volume was estimated by a
calibrated instrument (Periotron 6000
ProFlow Inc., Amityville, NY). Then,
the strips were sealed into polypropy-
lene tubes before freezing at � 401C.
The readings were converted to an
actual volume (ml) by reference to the
standard curve. All the samples were
lyophilized and stored at � 201C until
the laboratory procedures.

Enzyme immunoassay

PAI-1 and u-PA enzyme-linked immuno-
sorbent assay (ELISA) kits were pur-
chased from Dakocytomation (Cambridge,
Cambridgeshire, UK). The PAI-2 kit
was purchased from Abraxis (Warmin-
ster PA, USA) and the t-PA ELISA
development reagents were obtained
from Affinity Biologicals (Ontario, Ca-
nada). Human albumin, goat anti-human
albumin, rabbit anti-human albumin,
horseradish peroxidase labelled anti-
rabbit Ig (goat) Extravidin peroxidase
were purchased from SIGMA (Poole,
Dorset, UK). Levels of albumin, t-PA,
u-PA, PAI-1 and PAI-2 were analysed
by ELISA. After a pilot experiment, it
was decided to pool the four GCF
samples for each subject in five study
groups, and the study unit was selected
as the subject rather than the site. The
four absorbed GCF samples were eluted
together into two volumes of 500ml
PBS, which were then pooled. The
pooled GCF samples were aliquoted
and stored at � 701C until further
laboratory procedures were performed.
For u-PA, PAI-1 and PAI-2 analyses,
GCF samples were diluted 1/4 accord-
ing to the manufacturer’s recommenda-
tions. For the t-PA assay the GCF
sample was used neat. For the albumin
assay, the pooled GCF samples were

diluted 1/250 for pooled GCF volumes
o0.5ml, and 1/500 for pooled GCF
volumes 40.5ml. The ELISA assay
was carried out according to the man-
ufacturer’s recommendations or as de-
scribed before (Adonogianaki et al.
1995). Briefly, the immunolon-4 plates
were coated with trapping antibody o/n
at 41C. The plates were washed and the
non-specific binding sites were blocked.
Samples and the standards were added
to duplicate wells and incubated for
90min at room temperature. The plates
were washed and detection antibody
was added and the plates were incu-
bated for 60min at room temperature.
After washing, conjugated antibody was
added and incubated for 30min at 371C.
The plates were washed again and
streptavidin peroxidase was added and
incubated for 30min at 371C. Later on
the substrate was added and incubated
to develop colour change. Finally, the
optical densities were read and the
samples were compared with the stan-
dards. The results for albumin were
expressed as ng for total amount
calculations, and as ng/ml for GCF
concentrations. The results for PAs
and PAIs were expressed as pg for total
amount calculations, as pg/ml when
adjusted for GCF volume and as pg/
mg albumin when adjusted for 1mg
albumin.

Statistical analyses

Where appropriate, parametric tests and
distribution free tests were used for
statistical analysis. Analysis of variance
and post hoc Bonferroni’s tests were
used for the clinical data. The Kruskal–
Wallis test followed by Dunn’s post-test
was used for the group comparisons of
the protein levels and concentrations in
the GCF. Since the samples in group 1
and group 2 were taken from the same
subjects, a paired t-test was used for
comparisons of the clinical data and the

paired Wilcoxon signed-rank test was
employed for the comparisons of pro-
tein levels in GCF samples. Pearson’s
correlations were utilized to look at the
relationships between GCF volume and
albumin concentration. Spearman’s
rank correlations were used to look at
the relationships between the measure-
ments of the GCF proteins and the GCF
volume, albumin concentration and
pocket depth.

Results

Patient groups, demographic variables
and mean values of clinical measure-
ments are outlined in Table 1. No
significant differences were observed
in the mean age and sex distribution
between the study groups (p40.05).
When the clinical periodontal indices
were considered, the probing pocket
depths (PPD) in CsA GO1 sites were
significantly higher than those of CsA
GO� , CsA-H and healthy control
group (po0.05) and no other significant
difference was found between any two
groups with regard to PPD values.
Statistically significant differences in
GCF volumes were detected only be-
tween CsA GO1 sites and healthy sites
(po0.05) (Table 1).

Albumin levels showed statistically
significant differences only in total
amounts within GCF and no significant
differences were observed when con-
centrations were analysed (Table 2).
The total amount of albumin in CsA
GO1 sites was significantly higher than
those of CsA-H and healthy sites
(po0.05). Chronic gingivitis sites also
exhibited significantly elevated total
amounts of albumin when compared
with the healthy control sites (po0.05).

u-PA levels exhibited significant
differences only when total amount in
GCF were considered, that is, CsA
GO1 sites showed significantly elevated

Table 1. Clinical characteristics of the study groups

Group 1 CsA GO1sites Group 2 CsA GO-sites Group 3 CsA healthy sites Group 4 gingivitis sites Group 5 healthy sites

n 18 16 10 16 16
M:F 11:7 10:6 5:5 7:9 7:9
Age 32.3 � 7.2 32.6 � 7.1 32.6 � 7.1 32.8 � 9.4 29.6 � 6.1
PPD (mm)n 4.96 � 1.47 2.38 � 0.76 1.98 � 0.83 2.99 � 0.71 1.41 � 0.41
PBIn 1.13 � 1.11 0.30 � 0.40 0.13 � 0.32 1.36 � 0.63 0.00 � 0.00
PIn 2.1 � 0.90 1.6 � 0.60 1.5 � 1.00 1.5 � 1.00 0.2 � 0.40
HIn 2.22 � 0.80 0.00 � 0.00 0.00 � 0.00 0.00 � 0.00 0.00 � 0.00
GCF volume (ml)n 1.10 � 0.62 0.83 � 0.53 0.34 � 0.26 0.82 � 0.30 0.40 � 0.37

No significant differences were found between the groups with regard to the age of the subjects and gender distributions.
nResults were calculated from the averages of the four sampling sites and the GCF volume is the pooled volume of four samples for each subject.
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u-PA total amounts in comparison with
the healthy control sites (po0.05), and
chronic gingivitis sites showed signifi-
cantly increased total amounts in com-
parison with the healthy control sites
(po0.05) (Table 2).

Statistically significant differences in
all three t-PA values (total amount in
GCF, concentration in GCF and con-
centration per 1mg of albumin) were
observed between the study groups
(Table 2). The highest total amount of
t-PA was detected in CsA GO1 sites
and it was significantly different from
CsA-H, chronic gingivitis and healthy
control sites (po0.05). When t-PA
values were adjusted for GCF volume,
CsA GO1 sites exhibited significantly
elevated values in comparison with
chronic gingivitis and healthy control
sites (po0.05). t-PA concentrations in
CsA-H sites were significantly higher
than in chronic gingivitis sites (po0.05).
When t-PA values were adjusted per
albumin levels, significant differences
were found between CsA GO1 sites and
chronic gingivitis, healthy control sites,
between CsA GO� and chronic gingi-
vitis sites, and also between CsA-H
and gingivitis, healthy control sites
(po0.05).

PAI-1 values in healthy control sites
were similar to the values in CsA-H
sites. When the total amount values
were considered, the differences be-
tween healthy sites and CsA GO1,
CsA GO� and gingivitis sites were
all statistically significant (po0.05)
(Table 3). When adjusted for GCF
volume, the only significant difference
was found between CsA GO� sites and
healthy control sites (po0.05).

Statistically significant differences
between the study groups were similar
for both total amount and GCF concen-
tration values of PAI-2. Namely, CsA
GO1 sites exhibited significantly high-
er values in comparison with gingivitis
and healthy control sites (po0.05), and
CsA-H sites exhibited no significant
difference with any of the study groups
(p40.05) (Table 2).

Pearson’s correlation analysis re-
vealed statistically significant positive
correlations between GCF volumes and
the amount of albumin (po0.001) (data
not shown). Spearman’s correlation
analysis revealed significant positive
correlations between the amounts of u-
PA, t-PA, PAI-1 and PAI-2 and GCF
volumes, as well as the amount of
albumin (po0.001). PPD values showed
significant positive correlations with T
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t-PA, u-PA, PAI-2 (po0.01) and PAI-1
levels (po0.05). PBI values exhibited
significant positive correlations with t-
PA, u-PA, PAI-1 (po0.01) and PAI-2
levels (po0.05). PI values showed
significant positive correlations only
with t-PA and u-PA levels (po0.01).

Discussion

In the present study, the levels of
albumin, t-PA, u-PA, PAI-1 and PAI-2
in GCF samples obtained from CsA-
treated renal transplant patients were
evaluated and compared with the con-
trol groups. To our knowledge, this is
the first study to investigate the levels of
albumin and the plasminogen activating
system in GCF samples of CsA-treated
patients. The renal transplant patients
receiving CsA therapy were divided into
two groups depending on the presence
or absence of CsA-induced gingival
overgrowth. Furthermore, CsA GO�
sites in patients exhibiting CsA-induced
gingival overgrowth were also sampled
and served as a control group in order to
eliminate individual modifying factors.

The quantity of various proteins may
show elevations, which could be related
simply to an increase in GCF volume at
a site. Therefore, evaluating concentra-
tions of protein in GCF may be more
informative but may also create falsely
high concentrations of proteins espe-
cially when GCF volumes are low (in
less inflamed and healthy sites) and
subsequently more affected by evapora-
tion after sampling. Considering these
problems we have expressed our present
results in three ways: as total amounts in
GCF samples per 30 s sampling; as

concentrations in GCF; and finally as
concentrations per mg of albumin (cor-
recting for the amount of albumin
present in GCF sample and thus the
contribution by serum to the GCF).

The plasminogen activating system is
known to be associated with fibrinolysis
and thrombolysis and thereby it is of
central importance in ECM degradation
and remodelling. Plasmin acts directly
on the ECM by cleaving non-collage-
nous ECM proteins and also indirectly
by activating a whole range of other
enzymes including matrix metalloprotei-
nases (MMPs). Therefore, strict control
of its activation is important for main-
taining the integrity of tissues. Further-
more, Duymelinck et al. (1998) have
suggested that the local increases in
expression of TIMP-1 rather than a
decrease of MMP expression, contri-
butes to the development of CsA-in-
duced focal interstitial fibrosis in the rat.

Shihab et al. (2000) have reported
that CsA-induced up-regulation of ex-
pression of TGF-b1, PAI-1 and various
matrix proteins and these increased
expressions have been found to be
associated with alterations in matrix
deposition and matrix degradation
through the effect on PAI-1. Elevated
plasma PAI levels in CsA-treated
patients have been reported to induce
hypofibrinolysis (Verpooten et al. 1996).
The impairment of the endogenous
fibrinolysis activity was attributed either
to a defective release of PA from the
vessel wall or to high plasma levels of
PAI-1 (Levi et al. 1992). TGF-b1 has
been suggested to selectively stimulate
the synthesis of connective tissue matrix
components possibly by reducing the
synthesis of proteinases that are involved

in connective tissue degradation, such
as collagenase and PAs (Laiho & Keski-
Oja 1989). Shihab et al. (1996) found
that the mRNA expression of PAI, a
protease inhibitor stimulated by TGF-
b1, followed TGF-b1 and matrix pro-
teins, suggesting that the fibrosis of
chronic CsA nephropathy likely in-
volves the dual action of TGF-b on
matrix deposition and degradation. In a
previous study, CsA treatment has been
reported to increase GCF TGF-b1 levels
in renal transplant patients (Buduneli
et al. 2001a). Accordingly, the present
study revealed increased GCF PAI
levels in CsA-treated patients.

The lack of significant correlation
between GCF volume and the increased
PPD values arising from gingival over-
growth in CsA-treated patients might
suggest that the overgrown tissue is less
vascular and current histopathological
experiments will clarify this issue. The
plasminogen activating system should
also be investigated immunohistologi-
cally in CsA-induced gingival over-
growth (study in progress). The signifi-
cant positive correlations found between
GCF levels of t-PA, u-PA, PAI-1, PAI-2
and PPD as well as PBI support the
hypothesis that the PA system is in-
volved in deterioration of periodontal
status and are in line with the previous
reports (Kinnby et al. 1996, Xiao et al.
2000). Furthermore, the present finding
that PI values exhibited significant
positive correlations only with the en-
zyme levels, t-PA and u-PA may be a
reflection of the possible indirect effect
of plaque on periodontal tissue destruc-
tion via induction of the PAs.

In conclusion, the results of the
present study indicate that CsA therapy

Table 3. Spearman’s correlations (group size; n5 76)

u-PA (pg) u-PA (pg/ml) t-PA (pg) t-PA (pg/ml) PAI-1 (pg) PAI-1 (pg/ml) PAI-2 (pg) PAI-2 (pg/ml)

GCF(ml) 0.571n � 0.134 0.602n � 0.338n 0.419n 0.063 0.451n 0.119
PD (mm) 0.607n 0.216 0.620n 0.136 0.286w 0.089 0.457n 0.274w

PBI 0.491n 0.261w 0.302n � 0.052 0.247w 0.131 0.270w 0.162
PI 0.301n � 0.028 0.419n 0.086 0.099 � 0.023 0.192 0.076
Albumin (ng) 0.545n � 0.106 0.575n � 0.333n 0.432n 0.087 0.435n 0.099
Albumin (ng/ml) 0.211 0.088 0.142 � 0.125 0.185 � 0.043 0.204 0.05
u-PA (pg) 0.654n 0.573n 0.042 0.554n 0.377n 0.792n 0.592n

u-PA (pg/ml) 0.654n 0.156 0.327n 0.265w 0.341n 0.534n 0.601n

t-PA (pg) 0.573n 0.156 0.498n 0.312n 0.14 0.449n 0.280w

t-PA (pg/ml) 0.042 0.327n 0.498n � 0.122 0.023 0.051 0.21
PAI-1 (pg) 0.554n 0.265w 0.312n � 0.122 0.884n 0.529n 0.351n

PAI-1 (pg/ml) 0.377n 0.341n 0.14 0.023 0.884n 0.352n 0.298n

PAI-2 (pg) 0.792n 0.534n 0.449n 0.051 0.529n 0.352n 0.893n

PAI-2 (pg/ml) 0.592n 0.601n 0.280w 0.21 0.351n 0.298n 0.893n

nCorrelation is significant at po0.01 level (two-tailed).
wCorrelation is significant at po0.05 level (two-tailed). Total number of correlations is 104.
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increases the GCF levels of the
plasminogen activating system, particu-
larly the enzymes; t-PA and u-PA.
The differences in u-PA concentrations
among the CsA groups were not sig-
nificant, in contrast the t-PA concentra-
tions (adjusted for the albumin content)
were significantly higher in the CSA
GO1 group than in the gingivitis and
healthy control groups. However, the
null hypothesis of no change in t-PA
concentrations between the CSA-GO�
and healthy control group could not be
rejected even though the p-value in a
one-tail test would be sufficiently small
to support the hypothesis of increased
concentrations of t-PA at CSA-GO�
sites. Nevertheless, it is unlikely that the
GCF plasminogen activating system
levels are the sole factor responsible
for the CsA-induced gingival over-
growth. To what extent the more
pronounced expression of PAs and PAIs
in CsA-treated patients contributes to the
pathogenesis of CsA-induced gingival
overgrowth remains to be determined.
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