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Background and Objective: This study aimed to evaluate the expression and
bioactivities of endothelin-1 (ET-1) in gingiva during cyclosporine A (CsA)
treatment.

Material and Methods: After establishing edentulous ridges, experimental rats
were fed 30 mg/kg/day CsA while control animals received mineral oil for 4 weeks,
after which a reverse transcription-polymerase chain reaction (RT-PCR) and/or
immunohistochemistry was used to examine the expression of ET-1, its receptors,
proliferating cell nuclear antigen (PCNA) and inducible nitric oxide synthase
(iNOS) in gingivae. The roles of the endothelin receptors A and B (ET 4 and ETg)
in CsA-enhanced expression of PCNA and iNOS were examined in cultured
human gingival fibroblasts pretreated with receptor antagonists, by immuno-
cytochemistry and RT-PCR, respectively.

Results: The mRNA expression of ET-1, ET, and ETg, as well as of PCNA and
iNOS, was significantly greater in edentulous gingiva that received CsA compared
with control gingiva. Immunohistochemistry revealed more cells positively stained
for ET-1 and its receptors in the tissues of CsA-treated rats than in those of control
rats. In fibroblast cultures, enhanced mRNA expression of ET-1, ET, and ETy
was observed after CsA treatment at the concentrations of 10 and 100 ng/mL.
Cyclosporine A-enhanced PCNA expression was somewhat reduced by blockade
of ET4, but not ETg, whereas iNOS expression was somewhat reduced by
blockade of ETg.

Conclusion: Based on the present findings, we suggest that: (1) CsA upregulates
the gingival expression of ET-1 and its receptors; and (2) ET, and ETg have
different bioactivities, ET 5 being involved in cell proliferation and ETy being
associated with iNOS expression.
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Gingival overgrowth is one of the side-
effects observed in patients receiving
cyclosporine A (CsA), an immuno-
suppressant. The induced overgrowth
presents as an increased gingival vol-
ume, including an increased number of

cells and a higher level of extracellular
matrix production (1,2), but the
mechanisms underlying this effect are
still under investigation.

Endothelin-1 (ET-1), a 2l-amino-
acid vasoconstrictor peptide synthe-

sized by a range of normal cell types,
displays a range of biological functions
(3), including being mitogenic for a
number of cell types, such as fibro-
blasts (4). It has been shown that ET-1
is not only a strong vasoconstrictor but
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is also a growth-promoting factor (5).
Recent studies have also shown that
ET-1 modifies extracellular matrix
metabolism in dermal fibroblasts (6,7).
A biphasic effect of ET-1 on blood
vessels has been observed: it mediates
vascular smooth muscle contraction
but induces nitric oxide (NO), a vaso-
dilator, in endothelial cells (8). Unfor-
tunately, studies concerning the role of
ET-1 in the development of CsA-in-
duced gingival overgrowth are rare.
A recent report found that, compared
with healthy control subjects, the
expression and synthesis of ET-1 and
its receptors (endothelin receptor A
and B; ET and ETp) were increased in
gingival tissue from patients with
chronic periodontitis and gingival
overgrowth (9). In addition, an
increased level of ET-1 was also found
in cultured gingival fibroblasts after
CsA treatment. The authors concluded
that CsA could modulate the expres-
sion of ET-1 during CsA-induced gin-
gival overgrowth. However, they also
suggested that microbe-induced
inflammation, a prerequisite for the
induction of gingival overgrowth in
their model, might influence the
expression of ET-1. Since the expres-
sion of ET-1 is positively associated
with periodontal inflammation (10),
further detailed studies without the
influence of plaque-associated perio-
dontal inflammation are necessary to
clarify the direct effect of CsA. We
have recently found CsA upregulates
the expression of proliferating cell
nuclear antigen (PCNA) and inducible
nitric oxide synthase (iNOS) in gingival
tissue of rats (11,12). Proliferating cell
nuclear antigen is an antigen which has
been widely used as a marker of cell
proliferation, while iNOS is known to
be associated with tissue inflammation
(13-17). However, whether ET-1 plays
a particular role in these associated
activities during CsA therapy is still
unknown. The aims of this study were:
(1) to examine in vivo the effect of CsA
on the expression of mRNA for ET-1,
ETAs, ETg, PCNA and iNOS in the
edentulous gingiva of rats, where there
is no gingival sulcus to facilitate accu-
mulation of dental bacterial plaque;
and (2) to evaluate in vitro the role of
ET-1 by blockade of ET 5 or ETg in the

CsA-associated induction of PCNA
and iNOS expression.

Material and methods

Animal study

Maxillary edentulous ridges were
established in 32 5-week-old male
Sprague—Dawley rats weighing 120-
150 g, as previously described (18,19).
In brief, all right maxillary molars were
extracted under general anesthesia with
ketamine. After a 3 week healing
period, the rats were randomly
assigned to CsA and control groups.
Animals received 30 mg/kg/day CsA
(Sandimmun, Sandoz, Basel, Switzer-
land) via gastric feeding for 4 weeks,
and rats in the control group received
mineral oil via gastric feeding. At the
end of study, all animals were killed by
carbon dioxide inhalation. All the
procedures were carried out with the
approval of the Institutional Animal
Care and Use Committee of the Na-
tional Defense Medical Center. The
gingival and surrounding mucosa of
the edentulous ridges were immediately
frozen in liquid nitrogen and stored at
—80°C. Half the specimens were pre-
pared for reverse transcription-poly-
merase chain reaction (RT-PCR) and
the remaining specimens were trans-
ferred to prechilled 2-methylbutane for
cryostat sectioning. The 5 pm-thick
serial sections were sliced buccopala-
tally, and stored at —80°C for immu-
nohistochemical (IHC) analysis.

Culture of human gingival fibroblasts
and the in vitro study

Human gingival fibroblasts were pre-
pared as described elsewhere (20). In
brief, gingival specimens were obtained
from the distal wedges during a flap
operation on maxillary retromolar
regions of patients undergoing perio-
dontal surgeries at the Dental Clinic of
Tri-Service General Hospital, Taipei,
Taiwan. The gingival specimens were
immersed for 2 days at 4°C in Leibo-
vitz L-15 medium (Sigma-Aldrich Inc.,
St Louis, MO, USA) with 2 mg/mL
dispase II (Roche Diagnostics, India-
napolis, IN, USA) and 10% fetal
bovine serum (FBS). After separation

from the outer epithelial layer, the
connective tissue was minced and
digested for 24 h in medium containing
10% FBS and 2 mg/mL collagenase
(Sigma-Aldrich). The fragments were
then placed in flasks with 10% FBS in
DMEM/F-12 media to allow the cells
to migrate from the explants. In all of
the in vitro experiments, fibroblasts
from the third passage that had
reached 70% confluence in serum-free
medium were used. The expression of
mRNA for ET-1, ET, and ETy in
harvested gingival fibroblasts stimu-
lated for 24 h with CsA (Sigma-
Aldrich) at final concentrations from
10 to 10* ng/mL in dimethyl sulphox-
ide (DMSO; Sigma-Aldrich) was
determined by RT-PCR.

In this study, the expression of
PCNA was selected as the indicator for
cell proliferation (11). After being
stimulated with CsA (0, 100, 500 and
1000 ng/mL in DMSO) for 24 h,
fibroblasts were fixed with 4% para-
formadehyde and stained with
anti-PCNA antibodies (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA,
USA) by immunocytochemistry (ICC).
When applicable, cells were pretreated
for 30 min before CsA treatment with
100 nm BQ-123 or BQ-788 (Sigma-
Aldrich), selective antagonists for ETx
and ETp, respectively (21,22). The
percentages of cells positively stained
for PCNA were counted in six selected
areas per culture well. In addition, the
expression of iNOS mRNA in gingival
fibroblast cultures during CsA treat-
ment following receptor antagonist
pretreatment  was  evaluated by
RT-PCR.

Extraction of RNA and reverse
transcription—polymerase chain
reaction

Total RNA was extracted from
homogenized gingival tissue of rats or
homogenized human fibroblast cul-
tures. The RNA was reverse tran-
scribed, and the PCR reactions
included an initial denaturation at
94°C for 2 min 30 s, followed by the
denaturation cycles between 30 cycles
for glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and 40 cycles for
others at 94°C for 30 s, annealing at



58-60°C for 30 s, and elongation at
72°C for 55s. The PCR primers used
in the present study were as follows:
for rat samples, ET-1 (23), 5-CGT-
CCCGTATGGACTAGGAA-3" and
5-TGCAACTCGAAAGGAGGTCT-
3 ETA (23), 5-ATCGGGATCCCC-
TTGATTAC-3" and 5-TGACAAC-
CAAGCAGAAGACG-3; ETy (23),
5-GGACTACAAAGGAAAGCCCC-
3" and 5-TGCTCACCAAATACAG-
AGCG-3; INOS (24), 5-CATTGC-
ATTCAGATCCCGA-3’ and 5-TGG-
GAGGGGTAGTGATGT-3; PCNA
(25), 5-GCCCTCAAAGACCTCAT-
CAA-3" and 5-GCTCCCCACTCG-
CAGAAAAC-3;  GAPDH  (20),
5-TGCTGGTGCTGAGTATGTCG-3
and 5-ATTGAGAGCAATGCCAG-
CC-3’; and for human gingival fibro-
blast samples, ET-1 (27), 5-AGA-
GTGTGTCTACTTCTGCC-3"  and
5-GCGTTATGTGACCCACAAC-3;
ETA (27), 5-CGCTGATAGCCAGT-
CTTG-3" and 5-CGGTTCTTGTCC-
ATTTCG-3"; ETg (27), 5-GGACCC-
ATCGAGATCAAGG-3" and 5-AG-
AATCCTGCTGAGGTGAAGG-3;
iNOS (28), 5-GGCCTCGCTCTG-
GAAAGA-3" and 5-TCCATGCA-
GACAACCTT-3; GAPDH (29), 5'-
AGCCGCATCTTCTTTTGCGTC-3’
and 5-TCATATTTGGCAGGTTTT-
TCT-3’. Amplified RT-PCR products
were then analysed on a 1% agarose
gel and visualized with ethidium bro-
mide staining using a camera system
(Transilluminator/SPOT;  Diagnostic
Instruments, Sterling Heights, MI,
USA). The gel images were directly
scanned (ONE-Dscan 1-D Gel Analy-
sis Software; Scanalytic Inc., Fairfax,
VA, USA), and the relative intensities
were obtained by determining the ratio
of the signal intensity to that of the
GAPDH band.

Enzyme-linked immunosorbent
assay (ELISA)

For quantification of ET-1 release,
serum-free media from the human
gingival fibroblast cultures were col-
lected after 24 h of CsA treatment (0,
100, 500 and 1000 ng/mL in DMSO),
centrifuged at 10,000g for 5 min to
remove cellular debris, and ET-1 con-
centrations determined using an endo-
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Fig. 1. Expression of mRNAs for ET-1, ET4 and ETg, as well as PCNA and iNOS, in the
gingival tissue of edentulous ridges from control and CsA-treated rats. The top part of the
figure shows expression of mRNA in gingival tissue selected randomly from four rats in each
animal group. The lower part of the figure shows a comparison of the relative intensities of
mRNA for ET-1, ET, and ETg, as well as PCNA and iNOS, relative to GAPDH between
the gingival tissues from the control and CsA-treated groups. (Means and standard devia-
tions; *significant difference at p < 0.05).

Fig. 2. Immunohistochemistry for ET-1 (A and B), ET (C and D) and ETg (E and F) in the
edentulous gingival tissue sections from the control (A, C and E) and CsA-treated rats (B, D
and F). (*, fibroblasts; arrow, endothelial cells; arrowhead, smooth muscle cells; scale bar
represents 50 pm).
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thelin-1 chemiluminescent ELISA sys-
tem (R&D Systems, Minneapolis, MIN,
USA). Cell counts were obtained by
Coulter counter, and ET-1 concentra-
tions were normalized to cell number.

Immunohistochemistry (IHC) and
immunocytochemistry (ICC)

In this study, IHC was used to evaluate
the expression of ET-1, ET, and ETg
proteins in gingival tissue obtained
from the animal study, whereas ICC
was selected to PCNA
expression in cultured gingival fibro-
blasts. After acetone fixation, the sec-
tions/fibroblasts were incubated with
0.1% hydrogen peroxide in distilled
water to quench their endogenous
peroxidase activity. The sections/
fibroblasts were incubated for 2 h with
unconjugated primary polyclonal anti-
bodies against ET-1 (goat IgG; Cal-
biochem, San Diego, CA, USA), ETx
(rabbit IgG), ETg (rabbit IgG; Abcam,

examine

Media
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2.5
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1.5 1

1.0 1

Relative intensity

0.5

Cambridge, MA, USA), or PCNA
(Santa Cruz Biotechnology, Inc.), fol-
lowed by further incubation with bio-
tinylated secondary antibody for
30 min, streptavidin-conjugated horse-
radish peroxidase for 30 min, and
3-amino-9-cthyl carbazole solution for
10 min. The specimens were then
counterstained with haematoxylin and
mounted. Cells positively stained for
ET-1, ETA, ETg and PCNA were
examined under the microscope.

Statistical analysis

Student’s t-test was used to evaluate
the differences in the expression (the
relative intensities) of mRNA for ET-1,
ET4, ETg, PCNA and iNOS between
animals from the control and CsA
groups. One-way ANOVA  was
selected to evaluate the effect of CsA
dose on the in vitro expression of
mRNAs for ET-1, ETo and ETg, as
well as the release of ET-1 protein,

CsA CsA CsA CsA
0 ng/mL

10 ng/mL

whereas two-way ANOVA  was
selected to evaluate the expression of
iNOS mRNA after blockade of endo-
thelin receptors followed by treatment
with various concentrations of CsA.
To examine the effect of different doses
of CsA on ET-1 protein and iNOS
mRNA expression, regression analysis
was used. Repeated-measures ANOVA
was used to examine the effects on the
expression of PCNA in fibroblasts of
CsA concentration and of ET-1
blockade (between-subject factors), as
well as the variation in the six areas
examined from each culture (within-
subject factor). Duncan’s test was used
for post hoc analysis, and p < 0.05 was
deemed to be significant.

Results

The expression of mRNA for ET-1,
ETaA, ETg, PCNA and iNOS appeared
significantly greater in the edentulous
gingiva of CsA-treated rats than in

CsA
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* v bMSO
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Fig. 3. The top part of the figure shows the expression level of mRNA for ET-1, ETA and ETg in human gingival fibroblast cultures after CsA
treatments for 24 h. The lower part of the figure shows a comparison of the relative densities of mRNA for ET-1, ET, and ETjy relative to
GAPDH mRNA among the fibroblasts treated with different concentrations of CsA. (Means and standard deviations; *significant difference

at p < 0.05).



those of the control animals (Fig. 1).
Immunohistochemistry revealed that
more cells, including endothelial cells,
smooth muscle cells and fibroblasts,
were positively stained for ET-1, ETy
and ETg in the edentulous gingiva of
CsA-treated rats than in those of con-
trol rats (Fig. 2).

In gingival fibroblast cultures,
bimodal mRNA expression of ET-I1,
ETA and ETg was observed after CsA
treatment when compared with control
(DMSO-treated) cells. The mean level
of mRNA expression of ET-1, ETx
and ETy increased at CsA concentra-
tions of 10 and 100 ng/mL (with sta-
tistical significance at 100 ng/mL of
CsA for ET-1 and ET,), whereas the
mean expression reduced at high CsA
concentration (with statistical signifi-
cance at 1000 ng/mL of CsA for ETy;
Fig. 3). Dimethyl sulphoxide solvent
appeared to enhance the mRNA
expression of ET-1, ET, and ETg in
fibroblast cultures when compared
with the media control. A dose-
dependent increase of ET-1 protein
release (p = 0.009 and R = 0.427)
was found in fibroblasts after CsA
treatments  (Fig. 4).  Significantly
increased ET-1 protein expression was
observed with a CsA concentration of
1000 ng/mL than with any other con-
centration of CsA by Duncan’s post hoc
analysis after one-way ANOVA.

The percentages of PCNA-positive
cells increased significantly in CsA-
treated fibroblasts compared with
those without CsA, regardless of the
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L |
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Fig. 4. Endothelin-1 release from the
fibroblast cultures after CsA treatments for
24 h, measured by ELISA. (Means and
standard deviations; * significant difference
from any concentration of CsA by Duncan’s
post hoc analysis after one-way ANOVA;

R = 0.427 and p = 0.009 by regression).
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CsA concentration (100, 500 and
1000 ng/mL; Fig. 5A and left panel of
Fig. 5C). In contrast, the percentage
increase in stained cells was reduced at
all CsA concentrations examined when
cells were pretreated with ET, anta-
gonist (BQ-123), but not ETy antago-
nist (BQ-788; Fig. 5B and right panel
of Fig. 5C).

A dose-dependent increase of iNOS
mRNA expression was found in fibro-
blasts after CsA treatments (p < 0.001
and R = 0.879), and a significant
increase at the 1000 ng/mL CsA was
observed when compared with that at
0 ng/mL by Duncan’s post hoc analysis
after one-way ANOVA (Fig. 6, left).
After pretreating with BQ-788, a sig-
nificant reduction in the induced iNOS
expression was observed at the con-

centration of 1000 ng/mL, but the
reduction was not noted after pre-
treating with BQ-123 (Fig. 6, right).

Discussion

In this study, an in vivo model, the
edentulous gingivae of rat, and an
in vitro model, primary human gingival
fibroblast cultures, were selected and
used to probe the role of ET-1 and its
receptors in the development of CsA-
induced gingival overgrowth. There are
three known isoforms of endothelin
(endothelin-1, endothelin-2 and endo-
thelin-3), which are produced by
endothelin-converting enzymes from
biologically inactive intermediates via
proteolytic processing at Trp-21-Val/
Ile-22 (30,31). In mammals, there are

L: Untreated control (media)
IL: Vehicle (DMSO)
IIL: CsA 100 ng/mL
IV: CsA 500 ng/mL

V: CsA 1000 ng/mL

B CsA 500 ng/mL
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BQ-788
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. ©ZZBa123
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The percentage of PCNA positive cells

Fig. 5. Theeffect of ET-1 in the expression of PCNA in gingival fibroblast cultures after CsA
treatment, assessed by immunocytochemistry. The photomicrographs in the A and B show
the expression of PCNA-positive stained fibroblasts in the cultures after the treatment with
CsA (A), as well as after blockade with ET-1 antagonists (B: +, with CsA, BQ-123 or BQ-
788; —, without the treatment; scale bars represent 50 um). C summarizes the effects of CsA
treatment (left panel) and ET-1 antagonists (right panel) on the expression (percentages) of

the positively stained cells in the cultures.
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two  G-protein-coupled endothelin
receptors, ET, and ETg, each of
which contains seven transmembrane
domains of 22-26 hydrophobic amino
acids within their approximately
400 amino acid sequences and are
expressed in a wide variety of tissues
(32-34). The ET, receptor is selective
for ET-1, but the ETg receptor does not
distinguish among the three isoforms of
ET. Endothelin-1 demonstrates a wide
range of biological properties, includ-
ing significant mitogenic activity (4). In
human lung fibroblasts, the ability of
ET-1 to induce the expression of matrix
metalloprotease-1 (MMP-1) mRNA
and connective tissue growth factor
protein was abrogated after blockade
of the MAPK/ERK kinase pathway
(35). In cultured rabbit gingival fibro-
blasts, ET-1 stimulated ERK1/2 acti-
vation via the ET, receptor and led to
cell proliferation (36). In the present
study, the CsA-mediated enhance-
ment of PCNA expression in gingival
fibroblasts was partly abrogated by
blockade of ET,, suggesting that ETx
may contribute to cell proliferation
and the development of gingival
overgrowth.

Endothelin-1 has a dual effect on
vascular tissue: it mediates vasocon-
striction via ET 4 activation of vascular

CsA

CsA100 ng/mL

smooth muscle cells and vasorelax-
ation via ETy activation of endothelial
cells through nitric oxide (NO)
synthesis (8). In our recent studies, an
increased expression of iNOS in
gingiva of rats treated with CsA was
observed, and the administration of
both NO substrate (L-arginine) and
NO blocking agent (N-nitro-L-arginine
methylester-hydrochloride, L.-NAME)
could reduce the degree of gingival
overgrowth (12,37). Although the
exact mechanisms of this pathological
gingival overgrowth are still uncertain,
the present study showed that pre-
treatment with an ETg antagonist, BQ-
788, reduced the enhanced iNOS
expression seen at a CsA concentration
of 1000 ng/mL. We consequently sug-
gest that ET may be partly involved in
the expression of iNOS in gingiva
during CsA treatment.

In the present study, the dose effect
of CsA on the expression of ET-1, ET s
and ETp in gingival fibroblasts was
tested. A biphasic mRNA expression
was observed in cells after treatment
with varied concentrations of CsA
when compared with those treated with
DMSO (Fig. 3). The exact reason is
unknown, but a similar pattern of a
dual effect has also been observed on
an induced cell apoptosis in endothelial

CsA500 ng/mL

cells after CsA treatment (38). In that
study, low-dose CsA significantly
reduced the induced apoptosis,
whereas used at a high dose CsA did
not reduce the induced apoptosis and
even had deleterious effects. In our
study, the mean level of mRNA
expression of ET-1, ET, and ETjg
increased at CsA concentrations of
100 ng/mL (with statistical significance
for ET-1 and ET,) but declined at CsA
concentrations  of 10,000 ng/mL.
Moreover, a study showed that the
oral therapeutic dose of 10-20 mg/kg
of body weight per day resulted in a
serum concentration of 100-400 ng/
mL, while the clinical gingival over-
growth could be easily observed in
patients taking that therapeutic dose
(39). One hundred and 500 ng/mL of
CsA were, therefore, chosen to be the
main concentrations used in the
experiments on PCNA and iNOS
expression.

Recently, we and other laboratories
have reported an overexpression of
vascular endothelial growth factor
(VEGF) in gingivae of rats that had
received CsA (40,41). Vascular endo-
thelial growth factor is involved not
only in angiogenesis, but also in wound
healing and interstitial matrix remod-
elling (42). A potential interaction
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Fig. 6. The effect of ET-1 on mRNA expression for iNOS in gingival fibroblast cultures after CsA therapy. The top part of the figure shows
the mRNA expression of iNOS in fibroblasts after CsA therapy, with/without ET-1 antagonists, while the lower part of the figure summarizes
the effects of CsA treatment (left panel) and ET-1 antagonists (right panel) on iNOS mRNA expression. (Means and standard deviations;

*significant difference at p < 0.05).



between VEGF and ET-1 has also been
reported, in that VEGF enhanced both
the expression of ET-1 mRNA and the
secretion of ET-1 in endothelial cells
(43). Similarly, in vascular smooth
muscle cells, acting predominantly
through the ET, receptor, ET-1
enhanced both the expression of
VEGF mRNA and the secretion of
VEGF, and stimulated VEGF-induced
endothelial cell proliferation and inva-
sion (44,45). These observations indi-
cate that VEGF and ET-1 have
reciprocal stimulatory interactions that
result in concomitant proliferation of
endothelial cells and vascular smooth
muscle cells. Studies have also shown
that ET-1 promotes the contractile
ability of normal fibroblasts (46) and
modifies extracellular matrix metabo-
lism, such as enhancing collagen type-
s I and IIT and decreasing mRNA and
protein expression of MMP-1 in der-
mal fibroblasts (6,7). Nevertheless, the
exact mechanism leading to the over-
growth is still uncertain and requires
further exploration.

In conclusion, the present results
show that: (1) the expression of ET-1
and its receptors in gingiva are
upregulated during CsA treatment in
both in vivo and in vitro models; and
(2) ETA and ETg have different bio-
activities, in that ET, appears to be
principally involved in cell prolifera-
tion and ETg seems to be associated
with iNOS expression in the in vitro
model. There is a high chance that
ET-1 plays an important role in the
pathogenesis of CsA-induced gingival
overgrowth.
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