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The upregulation of
cystatin C in human gingival
fibroblasts stimulated with
cyclosporine A
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Background and Objective: Cystatin C is a 13 kDa non-glycosylated, basic protein
belonging to the cystatin family. It is consistently and dramatically upregulated in
a variety of fibrotic diseases. However, little is known about the correlation
between cystatin C and cyclosporine A-induced gingival overgrowth. The aim of
this study was to compare cystatin C expression in normal, healthy gingival tissues
and cyclosporine A-induced gingival overgrowth specimens and further explore
the potential mechanism that may result in cystatin C expression.

Material and Methods: Fifteen cyclosporine A-induced gingival overgrowth
specimens and five normal gingival tissues were examined by immunohistochem-
istry. Three human gingival fibroblast (HGF) strains were established from crown-
lengthening surgery. The reverse transcriptase-polymerase chain reaction was used
to investigate the effects on HGFs exposed to cyclosporine A. In addition, pre-
dominant periodontal pathogens (Aggregatibacter actinomycetemcomitans and
Porphyromonas gingivalis) and proinflammatory cytokines (interleukin-1o and
tumor necrosis factor-a) were added to seek the possible regulatory mechanisms of
cystatin C expression.

Results: The cystatin C staining in gingival tissue was stronger in the cyclospor-
ine A-induced gingival overgrowth group than in the normal gingival group

(p < 0.05). Intensive staining for cystatin C expression was observed mainly in the
cytoplasm of fibroblasts, epithelial cells and inflammatory cells. Moreover, cyst-
atin C expression was significantly higher in cyclosporine A-induced gingival
overgrowth specimens with higher levels of inflammatory infiltrates (p < 0.05).
A concentration of 200 ng/mL cyclosporine A was found to increase cystatin C
expression in HGFs in a time-dependent manner (p < 0.05). The addition of
periodontal pathogens and proinflammatory cytokines significantly increased the
expression of cystatin C compared with cyclosporine A alone (p < 0.05).

Conclusion: The increased ability of protein accumulation by cystatin C is one of
several factors mediating cyclosporine A-induced gingival overgrowth. In addi-
tion, cyclosporine A may predispose to gingival overgrowth in inflammatory
environments.
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of cyclosporine A, a cyclic endecapep-
tide, which is an immunosuppressant

Gingival overgrowth is a common side-
effect associated with the systemic use

extensively used in transplant patients
to prevent graft rejection, as well as in
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the treatment of immunological dis-
eases, such as rheumatoid arthritis and
psoriasis  (1). Aetiological factors
causing and underlying cyclospor-
ine A-induced gingival overgrowth
have been reviewed, and it has been
demonstrated that local, systemic and
genetic factors may also contribute to
the development and progression of
gingival overgrowth (2,3). Fibroblast
proliferation and deposition of excess
extracellular matrix (ECM) character-
ize cyclosporine A-induced gingival
overgrowth (4). It is probably a con-
sequence of imbalance between syn-
thesis and degradation of ECM
molecules by gingival fibroblasts.

The protein inhibitors of cysteine
proteinases, the cystatins, comprise
three families: stefins, cystatins and
kininogens (5). Cystatins are tight- and
reversible-binding inhibitors of the
papain-like cysteine proteinases. Cyst-
atin C, one member of the cystatin
family, is a non-glycosylated, 13 kDa
basic protein that has two disulphide
bonds (6) and is a very potent inhibitor
of lysosomal cysteine proteinases such
as cathepsin-B, -H, -L and -S (7).
Cystatin C is consistently and dra-
matically upregulated in a variety of
fibrotic diseases, such as multiple scle-
rosis sclerosis (8), hepatic fibrosis
(9,10) and oral submucous fibrosis
(11).

Previous studies have demonstrated
that decreased activity of cathepsins
may be one of several factors mediat-
ing cyclosporine A-induced gingival
overgrowth (12,13). In addition,
reduced cathepsin-L activity may play
an important role in inducing drug-
induced gingival overgrowth in cath-
epsin-L-deficient mice (14). These data
suggest that the imbalance between
cystatin and cathepsin may play an
important role in the pathogenesis of
cyclosporine A-induced gingival over-
growth. On the basis of these obser-
vations, the present work was
undertaken to identify the in situ
localization of cystatin C expression in
normal gingival tissues and cyclospor-
ine A-induced gingival overgrowth
specimens. In addition, reverse trans-
criptase-polymerase chain reactions
(RT-PCR) were used to determine the
effects of cyclosporine A on the

expression of cystatin C in cultured
human gingival fibroblasts (HGFs)
in vitro. The aetiologies of cyclospor-
ine A-induced gingival overgrowth are
somewhat controversial because there
are different opinions concerning the
relative importance of oral hygiene,
gingival inflammation and severity of
gingival overgrowth (4). Furthermore,
prominent  periodontal  pathogens
Aggregatibacter  actinomycetemcomi-
tans and Porphyromonas gingivalis, as
well as proinflammatory cytokines
interleukin-loo  (IL-lo) and tumor
necrosis factor-o (TNF-a), were added
to seek the possible regulatory mecha-
nisms of cystatin C expression in an
inflammatory environment.

Material and methods

Tissue collection

Normal gingival tissue samples were
obtained from five healthy individuals
undergoing routine surgical
lengthening, with little if any evidence
of inflammation and no systemic
medication. Fifteen redundant hyper-
plasic gingival biopsies were obtained
from ten renal transplant patients
receiving  cyclosporine A therapy.
These patients had been taking cyclo-
sporine A for more than 1 year, and
the dose had been adjusted to maintain
stable serum levels of about 200 ng/
mL. No sign of graft rejection was
detected in these renal transplant
patients. The samples were obtained
during surgical removal of diseased
gingiva as part of their routine clinical
management, which also included
intensive plaque control. Permission
for the use of discarded human tissue
was obtained from the Institutional
Review Board at the Chung Shan
Medical University Hospital.

crown

Immunohistochemistry

The surgically removed gingival tissues
were fixed in 10% buffered formalin
overnight, then dehydrated in an
ascending series of graded alcohols and
embedded in paraffin. Five-micrometre
sections were stained with the mono-
clonal anti-cystatin C antibody (Santa
Cruz Biotechnology, CA, USA; 1:100

dilution) wusing a standard avidin—
biotin—peroxidase complex method
(11). 3-Amino-9-ethylcarbazole (Dako,
Carpinteria, CA, USA) was then used as
the substrate for localizing the antibody
binding. Negative controls included
serial sections from which either the
primary or the secondary antibodies
were excluded. The preparations were
counterstained ~ with  hematoxylin,
mounted with Permount (Merck,
Darmstadt, Germany) and examined by
light microscopy.

One section from each cyclospor-
ine A-induced gingival overgrowth
specimen was stained with hematoxylin
and eosin to evaluate the magnitude of
inflammation at the histological level.
Each specimen was graded at x200
magnification as either ‘inflammation
low’, inflammatory cells < 50% per
field or ‘inflammation high’, inflam-
matory cells > 50% per field. Grading
of each specimen was based on the
average inflammatory condition in
three consecutive microscopic fields
starting from the epithelial-connective
tissue border and proceeding gradually
deeper into lamina propria.

When processed immunohistochem-
ically for cystatin C expression, sec-
tions graded as ‘low’ were represented
by positive-stained cells < 50%; sec-
tions graded ‘high’ exhibited positive
stained cells > 50% on three sections
from a single tissue sample at x400
magnification.

Cell culture

Human gingival fibroblasts were cul-
tured by using an explant technique as
described previously (15,16). Three
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 fungizone). Explants were placed
into 60 mm Petri dishes and main-
tained in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco Laboratories,
Grand Island, NY, USA) supple-
mented with 10% fetal calf serum
(FCS; Gibco Laboratories) and anti-



biotics as described above. Cell cul-
tures between the third and eighth
passages were used in this study.

Effect of cyclosporine A on
cystatin C mRNA in HGFs

Cells arrested in Gy by serum depri-
vation (0.5% FCS for 48 h) were used
in the experiments (17). Nearly con-
fluent monolayers of HGFs were
washed with serum-free DMEM and
immediately thereafter exposed at the
indicated incubation times to 200 ng/
mL cyclosporine A (Sigma, St Louis,
MO, USA). Total RNA was collected
at 0, 1, 3, 6 and 24 h for RT-PCR.

Reverse transcriptase-polymerase
chain reaction

Total RNA was prepared using TRI-
z01® reagent (Gibco Laboratories) fol-
lowing the manufacturer’s instructions.
Single-stranded DNA was synthesized
from RNA in a 15 pL reaction mixture
containing 100 mg random hexamer
and 200 units of Moloney murine leu-
kaemia virus reverse transcriptase
(Gibco Laboratories). The reaction
mixture was diluted with 20 pL of
water, and 3 pL of the diluted reaction
mixture was used for PCR. The PCR
mixture contained 10 pmol of forward
and reverse primers and 2 units of Taq
DNA polymerase. Amplification was
performed using 25 cycles for glycer-
aldehydes-3-phosphate dehydrogenase
(GAPDH) and 30 cycles for cystatin C
in a thermal cycler. Each cycle con-
sisted 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 fol-
lows (11): GAPDH forward, 5-TCC-
TCTGACTTCAACAGCGACACC-3
and reverse, 5’-TCTCTCTTCCTCTT-
GTGCTCTTGG-3; and cystatin C
forward, 5-GCTCTTTCCAGATCT-
ACGCT-3" and reverse, 5-AGGCA-
GCCGATGCTACTATT-3".

The PCR products were analysed by
agarose gel electrophoresis, and a
277 bp band for cystatin C was noted.
When the band densities were mea-
sured and compared with the density
of the band obtained for the house-
keeping gene GAPDH, relative pro-
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portions of mRNA synthesis could be
determined within each experiment.
The intensity of each band after nor-
malization with GAPDH mRNA was
quantified in the photographed gels
with a densitometer (Alphalmager
2000; Alpha Innotech, San Leandro,
CA, USA).

Statistical analysis

Three replicates of each experiment
were performed for each test. All
assays were repeated three times to
ensure reproducibility. For testing of
differences in the cystatin C between
normal healthy gingival tissues and
cyclosporine A-induced gingival over-
growth specimens, Fisher’s exact test
was applied for the statistical analysis
of the results. The significance of the
results obtained from control and
cyclosporine A-treated HGFs was sta-
tistically analysed by one-way analysis
of variance (ANOVA). Tests of differ-
ences of the treatments were analysed
by Duncan’s test. A p-value of < 0.05
was considered to be statistically
significant.

Results

Cystatin C expression in normal heal-
thy gingival tissues and cyclospor-
ine A-induced gingival overgrowth
specimens is presented in the Table 1.
The cystatin C staining in gingival
tissue was stronger in the cyclospor-
ine A-induced gingival overgrowth
group than in the normal gingival
group (p < 0.05). Figure 1A repre-

Table 1. Cystatin C expression in normal
healthy gingival tissues and cyclosporine
A-induced gingival overgrowth tissues

Cyclosporine

A-induced Normal
gingival healthy
overgrowth  gingival
tissues tissues
Cystatin C positive 12 1
Cystatin C negative 3 4

Cystatin C expression was found to be sig-
nificantly higher in cyclosporine A-induced
gingival overgrowth tissues than in normal
gingival tissues by Fisher’s exact test
(» < 0.05).

sents gingival tissue obtained from
normal gingival group with faint cyst-
atin C expression. In the cyclospor-
ine A-induced gingival overgrowth
group, intensive red-brown staining for
cystatin C expression was observed
mainly in the cytoplasm of fibroblasts,
epithelial cells and inflammatory cells
(Fig. 1B).

Cystatin C expression in cyclospor-
ine A-induced gingival overgrowth
specimens with low or high levels of
inflammation is presented in Table 2.
Differences in cystatin C expression
between tissues with low and high lev-
els of inflammation were subsequently
analysed using Fisher’s exact test.
A significantly greater cystatin C
expression was noted in cyclospor-
ine A-induced gingival overgrowth
tissues with high levels of inflammation
(» = 0.032).

Fig. 1. Immunolocalization of cystatin C in
gingival specimens by a peroxidase-labeled
streptavidin-biotin  technique. (A) Very
faint immunoreactivity of cystatin C can be
seen in normal human gingival tissues
(magnification x400). (B) Strong immuno-
staining for cystatin C is present in the
cyclosporine A-induced  gingival
growth specimens. Cystatin C is evident as
intensive red-brown coloration in the cyto-
plasm of fibroblasts, epithelial cells and
inflammatory cells (magnification x400).
The bar represents 25 pum.

over-
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Table 2. Cystatin C expression and the
grade of inflammation in cyclosporine
A-induced gingival overgrowth tissues

Inflammation Inflammation
high low
Cystatin 7 1
C high
Cystatin 1 4
C low

A significantly greater cystatin C expression
was noted in cyclosporine A-induced gingi-
val overgrowth tissues with high levels of
inflammation compared with tissues with
low levels of inflammatory cell infiltrates by
Fisher’s exact test (p = 0.032).

To examine the effect of cyclospor-
ine A on the cystatin C expression,
HGFs were treated with cyclospor-
ine A and the levels of mRNA were
measured. The effects of cyclospor-
ine A on the cystatin C gene expres-
sion in three different cell strains were
similar, and their intracellular varia-
tions were limited.

Investigation of the time dependence
of cystatin C mRNA expression in
200 ng/mL cyclosporine A-treated
HGFs revealed a rapid accumulation
of the transcript. A significant signal
was first detectable after 1 h of expo-
sure and remained elevated throughout
the 24 h incubation period (Fig. 2A).
From the Alphalmager 2000, the levels
of the cystatin C mRNA increased
about 1.4-, 1.8-, 2.6- and 3.1-fold after
exposure to cyclosporine A for 1, 3, 6
and 24 h, respectively (Fig. 2B).

Inflammatory mediators were found
to increase the cyclosporine A-induced
cystatin C  expression  (p < 0.05;
Fig. 3A). The quantitative measure-
ment of cystatin C expression by the
Alphalmager 2000 is shown in Fig. 3B.
A. actinomycetemcomitans, P. gingiva-
lis, 1L-1o0 and TNF-o were found to
elevate cystatin C expression up to 1.9-,
2.0-, 1.4- and 1.9-fold, respectively,
compared with cyclosporine A alone
(p < 0.05).

Discussion

Besides the fact that the increase in
ECM is not well understood in cyclo-
sporine A-induced  gingival  over-
growth, there is no evidence of the
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Fig. 2. Expression of cystatin C gene in
cyclosporin A- treated HGFs by RT-PCR.
(A) Induction of cystatin C mRNA expres-
sion by HGFs with 200 ng/mL cyclospor-
ine A. Cells were exposed to cyclosporine A
for the indicated times (0, 1, 3, 6 and 24 h).
A DNA ladder of known base pairs was
used for identification of PCR products.
The GAPDH gene was used in order to
monitor equal RNA loading. (B) Levels of
cystatin C mRNA gene treated with cyclo-
sporine A were measured by Alphalmager
2000. The relative level of PAI-l mRNA
gene expression for each sample was nor-
malized against GAPDH mRNA signal and
the control was set as 1.0. Optical density
values represent the means + SD of three
different HGF strains. Triplicate experi-
ments were performed. *Significant differ-
ence from control values with p < 0.05.

expression of cystatin C in this lesion.
Only in vitro evaluations of lysosomal
cysteine proteinases such as cathepsin-
B and -L have been published (12,13).
Recently, we observed that cystatin C
expression was found to be
significantly upregulated in the oral
submucous fibrosis lesion (11). Pro-
teinase—antiproteinase imbalance may
be caused by predominance of pro-
teinases, resulting in severe tissue
damage or abundance of proteinase
inhibitors, leading to a shift in the
balance of synthesis and degradation
of ECM proteins and accumulation of
these matrix components. It is
reasonable to speculate that cystatin C
may directly relate to the pathogenesis
of cyclosporine A-induced gingival
overgrowth.
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Fig. 3. Various inflammatory mediators
were added to seek the possible regulatory
mechanism of cystatin  C expression.
(A) Effects of various inflammatory media-
tors on cyclosporine A-induced cystatin C
mRNA expression in HGFs. Cells were co-
cultured with A. actinomycetemcomitans
(A.a.), P. gingivalis (P.g.), IL-1a, or TNF-o
in the presence of 200 ng/mL cyclospor-
ine A. The GAPDH analysis was performed
in order to monitor equal RNA loading.
(B) Levels of cystatin C mRNA gene trea-
ted with cyclosporine A and
inflammatory mediators were measured by
Alphalmager 2000.  Quantification  was
achieved by Alphalmager 2000 as described
in the legend to Fig. 3(B). Optical density
values represent the means = SD of three
different HGF strains. Triplicate experi-
ments were performed. *Significant differ-
ence from control values with p < 0.05.
#Statistically significant difference between
cyclosporine A alone and cyclosporine A
with  various
p < 0.05.

various

inflammatory mediators;

Cystatin C is a 13 kDa non-
glycosylated basic protein belonging to
the cystatin family (6). It is consistently
and dramatically upregulated in a
variety of fibrotic diseases (8—11). To
the best of our knowledge, this is the
first study to show that cystatin C
expression is upregulated in cyclo-
sporine A-induced  gingival  over-
growth specimens compared with
normal gingival tissues. Strong immu-
nostaining for cystatin C was detected
in fibroblasts, epithelial cells and



inflammatory cells. In addition, the
expression of cystatin C was also
shown to increase with the grade of
inflammation in cyclosporine
A-induced gingival overgrowth speci-
mens. Cystatin C deposition is associ-
ated with  cyclosporine A-induced
gingival overgrowth, suggesting that it
could play an important role in the
ECM turnover. This suggestion
prompted us to propose that cyclo-
sporine A-induced  gingival
growth may be due to increased
synthesis and deposition of ECM
proteins, altered degradation or both.

Fibroblasts are the principal cell
type residing in connective tissue and
are the cells responsible for the for-
mation and turnover of the ECM.
Fibroblast function is, in turn, regu-
lated by bioactive molecules acting in
the local tissue environment. To the
best of our knowledge, this is the first
study to show the upregulation of
cystatin C mRNA expression in HGFs
stimulated by cyclosporine A. This
suggests that one of the pathogentic
mechanisms of cyclosporine A-induced
gingival overgrowth may be the syn-
thesis of cystatin C by resident cells in
response to cyclosporine A challenge.
The accumulation of ECM compo-
nents in gingival connective tissue may
be caused by a simultaneous effect on
cystatin C.

Many studies have suggested that
during cyclosporine A treatment, pla-
que-induced inflammation is associated
with the onset or the severity of drug-
induced overgrowth (3,18,19), and
histological findings have shown the
presence of some degree of inflamma-
tory infiltrate in the overgrown gingival
tissues (17). In this study, addition of
predominate periodontal pathogens
and proinflammatory cytokines signif-
icantly increased the expression of
cystatin C compared with the addition
of cyclosporine A alone. Our results
differed from those of Fiebiger et al.
(20), who reported no significant
changes in cystatin C levels in response
to proinflammatory cytokine in human
dendritic cells, and Lautwein et al.
(21), who found no change in protein
expression of cystatin C in human
dendritic cells stimulated with lipo-
polysaccharide. The reason for this

over-
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contrary result is not clear. It may be a
result of the different origins of the test
system or different experimental pro-
tocols used in each laboratory. How-
ever, in the present study, the
expression of cystatin C increased with
the grade of inflammation in cyclo-
sporine A-induced  gingival
growth specimens. Taken together, our
results suggest that cyclosporine A
may predispose to fibrosis via cysta-
tin C overexpression in an inflamma-
tory environment.

The other main extracellular prote-
olytic systems that have been recog-
nized are the matrix metalloproteinase
(MMP)-dependent pathway and the
plasminogen-dependent pathway (22).
Previous studies have demonstrated
that cyclosporine A reduces the secre-
tion of MMPs in gingival fibroblasts
(13,23,24). Recently, we found that
type I plasminogen activator inhibitor
(PAI-1) expression was significantly
upregulated in cyclosporine A-induced
gingival overgrowth specimens (17). In
a previous study, it was shown that
transforming growth factor-f could
simultaneously increase the activities
of MMP and cystatin C in differenti-
ated podocytes (25). Recently, one
report has suggested that members of
the cystatin family may protect the
MMP family from autolytic degrada-
tion without interfering with its gela-
tinolytic activities. In the absence of
cystatins, MMPs were completely de-
graded within 4 h (26). Indeed, the
plasmin-dependent pathway is under-
stood to be a significant alternative
pathway for the initiation of ECM
degradation by MMPs (27). Thus, the
regulatory mechanisms may be
through several different pathways.
The interaction between MMPs, PAI-1
and cystatin C is worthy of further
investigation.

As far as we know, this is the first
systematic attempt to evaluate the role
of cystatin C expression in cyclospor-
ine A-induced gingival overgrowth in
humans, both in vivo and in vitro. We
have demonstrated that cystatin C is
elevated in cyclosporine A-induced
gingival overgrowth tissues compared
with normal gingival tissues. Data
from our in vitro experiments showed
that cyclosporine A was capable of

over-

stimulating cystatin C mRNA expres-
sion in HGFs. This suggests that one
of the pathogenic mechanisms of
cyclosporine A-induced gingival over-
growth in vivo may be the synthesis of
cystatin C by resident cells in response
to cyclosporine A challenge. In an
inflammatory environment, the
expression cystatin C can be signifi-
cantly enhanced in situations where
A. actinomycetemcomitans, P. gingiva-
lis, IL-o0 or TNF-a levels are raised.

Cysteine proteases secreted or syn-
thesized are inhibited by cystatin on
a basis of a ratio of 1:1. Remodelling of
ECM is a result of the balance between
synthesis and degradation. Recently, a
calcium antagonist, nifedipine, was
shown to suppress cathepsin-L gene
expression and subsequent enzyme
activity. Complete loss of cathepsin-L
function resulted in the development of
gingival overgrowth in mice (14). More
detailed studies should be undertaken
at both in vivo and in vitro levels to
clarify the roles of cysteine proteases
and cystatin in the gingival overgrowth
associated with phenytoin, calcium
channel blocker or cyclosporine A
treatment in humans.

References

1. Faulds D, Goa KL, Benfield P. Cyclo-
sporin. A review of its pharmacodynamic
and pharmacokinetic properties, and
therapeutic use in immunoregulatory dis-
orders. Drugs 1993;45:953-1040.

2. Marshall RI, Bartold PM. A clinical
review of drug-induced gingival over-
growths. Aust Dent J 1999;44:219-232.

3. Seymour RA, Ellis JS, Thomason JM.
Risk factors for drug-induced gingival
overgrowth. J Clin Periodontol 2000;
27:217-223.

4. Hassell T, Hefti AF. Drug-induced gingi-
val overgrowth: old problem, new
problem. Crit Rev Oral Biol Med 1991,
2:103-137.

5. Pergande M, Jung K. Sandwich enzyme
immunoassay of cystatin C in serum with
commercially available antibodies. Clin
Chem 1993; 39: 1885-1890.

6. Barrett AJ, Fritz H, Grubb A et al
Nomenclature and classification of the
proteins homologous with the cysteine
proteinase inhibitor chicken cystatin. Bio-
chem J 1986; 236: 312.

7. Barrett AJ, Rawlings ND, Davies ME,
Machleidt W, Salvesen G, Turk V. Cys-
teine proteinase inhibitors of the cystatin



464 Tsai et al.

1.

12.

13.

14.

superfamily. In: Barrett AJ, Salvesen G,

eds. Proteinase Inhibitors. Amsterdam:
Elsevier, 1986:515-569.
Bollengier F. Cystatin C, alias post-

v-globulin: a marker for multiple sclerosis?
J Clin Chem Clin Biochem 1987;25:589—
593.

Takeuchi M, Fukuda Y, Nakano I,
Katano Y, Hayakawa T. Elevation of
serum cystatin C concentration in patients
with chronic liver disease. Eur J Gastro-
enterol Hepatol 2001;13:951-955.

Chu SC, Wang CP, Chang YH et al.
Increased cystatin C serum concentrations
in patients with hepatic diseases of various
severities. Clin Chim Acta 2004;341:133—
138.

Tsai CH, Yang SF, Chang YC. The
upregulation of cystatin C in oral sub-
mucous fibrosis. Oral Oncol 2007;43:680—
685.

Yamada H, Nishimura F, Naruishi K
et al. Phenytoin and cyclosporin A sup-
press the expression of MMP-1, TIMP-1,
and cathepsin L, but not cathepsin B in
cultured gingival fibroblasts. J Periodontol
2000;71:955-960.

Yamaguchi M, Naruishi K, Yamada-
Naruishi H, Omori K, Nishimura F,
Takashiba S. Long-term cyclosporin A
exposure suppresses cathepsin-B and -L
activity in gingival fibroblasts. J Periodont
Res 2004;39:320-326.

Nishimura F, Naruishi H, Naruishi K
et al. Cathepsin-L, a key molecule in the

20.

pathogenesis of drug-induced and I-cell
disease-mediated gingival overgrowth: a
study with cathepsin-L-deficient mice. Am
J Pathol 2002;161:2047-2052.

. Chang YC, Tsai CH, Yang SH, Liu CM,

Chou MY. Induction of cyclooxygenase-
2 mRNA and protein expression in hu-
man gingival fibroblasts stimulated with
nicotine. J Periodont Res 2003; 38:496—
501.

. Chang YC, Lai CC, Lin LF, Ni WF, Tsai

CH. The upregulation of heme oxygenase-
1 expression in human gingival fibroblasts
stimulated with nicotine. J Periodont Res
2005;40:252-257.

. Lin HJ, Tsai CH, Huang FM, Chang YC.

The upregulation of type I plasminogen
activator inhibitor in human gingival
fibroblasts stimulated with cyclosporin A.
J Periodont Res 2007;42:39-44.

. Hallmon WW, Rossmann JA. The role of

drugs in the pathogenesis of gingival
overgrowth. A collective review of current
concepts. Periodontol 2000 1999;21:176—
196.

. Trackman PC, Kantarci A. Connective

tissue metabolism and gingival over-
growth. Crit Rev Oral Biol Med 2004;
15:165-175.

Fiebiger E, Meraner P, Weber E ef al.
Cytokines regulate proteolysis in major
histocompatibility ~ complex  class II-
dependent antigen presentation by den-
dritic cells. J Exp Med 2001;193:881-892.

21.

22.

23.

24.

25.

26.

217.

Lautwein A, Burster T, Lennon-Duménil
AM et al. Inflammatory stimuli recruit
cathepsin activity to late endosomal com-
partments in human dendritic cells. Eur J
Immunol 2002;32:3348-3357.
Birkedal-Hansen H. Role of cytokines and
inflammatory mediators in tissue destruc-
tion. J Periodont Res 1993;28:500-510.
Bolzani G, Coletta RD, Martelli Junior H,
Almeida OP, Graner E. Cyclosporin A
inhibits production and activity of matrix
metalloproteinases by gingival fibroblasts.
J Periodont Res 2000;35:51-58.

Hyland PL, Trynor PS, Myrillas TT et al.
The effects of cyclosporine on the colla-
genolytic activity of gingival fibroblasts.
J Periodont Res 2003;74:437-445.
Asanuma K, Shirato I, Ishidoh K,
Kominami E, Tomino Y. Selective mod-
ulation of the secretion of proteinases and
their inhibitors by growth factors in cul-
tured differentiated podocytes. Kidney Int
2002;62:822-831.

Ray S, Lukyano P, Ochieng J. Members
of the cystatin superfamily interact with
MMP-9 and protect it from autolytic
degradation without affecting its gelatin-
olytic activities. Biochim Biophys Acta
2003;1652:91-102.

Birkedal-Hansen H, More WG, Bodden
MK et al. Matrix metalloproteinases: a
review. Crit Rev Oral Biol Med 1993;
4:197-250.



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



