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Decreased expressions of
thrombospondin 2 in
cyclosporin A-induced
gingival overgrowth
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Jung JY, Kim KK. Decreased expressions of thrombospondin 2 in cyclosporin
A-induced gingival overgrowth. J Periodont Res 2004, 39, 93—100. © Blackwell
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Objectives: Cyclosporin A (CsA) is known to elicit fibrous gingival overgrowth
with changes of blood vessel profiles. In this study, we examined the expression of
several angiogenic and angiostatic genes during the development of CsA-induced
gingival overgrowth.

Methods: For the development of gingival overgrowth, Sprague-Dawley rats
received subcutaneous injections of CsA in daily doses of 5, 10, 15 mg/kg body
weight for 6 weeks, and another group received 10 mg/kg of CsA for 3, 6, and
12 weeks. Human gingival tissues were obtained from three CsA-treated patients
following the gingivectomy procedure and from three healthy patients following
the crown-lengthening procedure as a control. Gingival fibroblasts were isolated
from the healthy gingival tissues of the rat or the human, and cultured with
250-1000 ng/ml of CsA.

Results: Reverse transcription—polymerase chain reaction (RT-PCR) analyses
showed that expressions of some angiogenic genes such as angiopoietin 1, basic
fibroblast growth factor, and vascular endothelial growth factor, and angiostatic
genes such as angiopoietin 2, brain-specific angiogenesis inhibitor 1 and 2, and
thrombospondin 1 were not changed significantly in both gingival tissues and
cultured fibroblast cells under the CsA treatments. However, expression of
thrombospondin 2 (TSP2) decreased dose- and time-dependently in rat and human
gingival tissues. Western blot analyses showed that the expression of TSP2 protein
was dose-dependently reduced by the CsA treatments in human cultured gingival
fibroblasts.

Conclusions: These results indicate that the decrease in angiostatic TSP2 expres-
sion may be attributed to the CsA-induced gingival vascularization rather than to
the increased expression of angiogenic genes. It suggests that TSP2 is involved
in the development of CsA-induced gingival overgrowth with the gingival vascu-
larization.
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Cyclosporin A (CsA) is an immuno-
suppressive drug to prevent rejection of
transplanted organs and also to treat
various autoimmune diseases such as
Behget disease, pemphigus, rheumatoid
arthritis, psoriasis and other dermatological

diseases (1). CsA binds to cytoplasmic
receptors called cyclophillin (CyP), and
the CsA—CyP complexes inhibit Ca”" -
and calmodulin-dependent protein
phosphatase calcineurin (2). The action
of CsA blocks interleukin-2 synthesis

by CD4 lymphocytes and promotes
suppression of the immune response
(3). CsA treatment may cause various
side-effects including nephropathy,
hepatotoxicity, neurotoxicity, hyper-
tension, and gingival overgrowth (4, 5).
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CsA-induced gingival overgrowth
mostly affects the attached gingiva and
is initially observed as a papillary gin-
gival enlargement, which is prominent
on the labial aspects with a lobulated
appearance (6). One of the prominent
histological findings in the gingival
overgrowth is enlargement of connec-
tive tissue and vascularization. Accord-
ing to previous histomorphometric
studies, CsA-induced gingival over-
growth showed increases in the mean
cross-sectional area of the free gingival
tissue, the connective tissue, and the
blood vessel profile (5, 7-10).

For the above histopathological
changes in CsA-induced gingival over-
growth, biochemical events such as
accumulation of collagen fibers, inhi-
bition of cellular phagocytosis, and the
inhibition of secretion and activation
of matrix metalloproteinases have been
reported (11, 12). However, to date
there is no report about the biochemi-
cal findings underlying the change of
blood vessel profile in CsA-induced
gingival overgrowth.

Formation of new blood vessels is
affected by a balance between angio-
genic and angiostatic factors. Vascular
endothelial growth factor (VEGF),
angiopoietin 1 (AGP1), basic fibroblast
growth factor (bFGF), and trans-
forming growth factor-betal, called
angiogenic factors, have been reported
to elicit the formation of blood vessels
and influence the migration of endo-
thelial cells in some cancer tissues and
hypoxic conditions. On the contrary,
angiopoietin 2 (AGP2), angiostatin,
endostatin, brain-specific angiogenesis
inhibitors (BAlIs), and thrombospon-
dins (TSPs), called angiostatic factors,
have been described to inhibit the
angiogenesis in in vivo and in vitro
experiments (13). CsA has been repor-
ted to exert an inhibitory activity on
the new blood vessel formation of a
chicken  embryo  chollioallantoic
membrane, which is induced by an
implantation of rheumatic arthritis
and osteoarthritis tissue (14). CsA
also produces anti-proliferative and
proapoptotic effects mediated by the
caspase pathway in the microvascular
endothelial cells derived from human
skin (15). However, in gingival tissues,
CsA Dbrought about increases in

histomorphometrical profiles of blood
vessel with enlargements of epithelium
and connective tissue (9, 10), but its
biochemical findings are not fully
understood. This present study was
undertaken to examine what kinds of
angiogenic and angiostatic genes are
involved in the pathogenesis of CsA-
induced gingival overgrowth.

Materials and methods

Rat and human gingival tissue
preparation

For the development of gingival over-
growth, 12 Sprague-Dawley rats
weighing approximately 50 g received
subcutaneous injections of CsA
(Sandimmun-Sandoz, Santo Amaro,
SP, Brazil) in daily doses of 5, 10,
15 mg/kg body weight for 6 weeks
with a control group of four rats, and
another 12 rats received 10 mg/kg of
CsA for 3, 6, and 12 weeks. The
administered dosage of 10 mg/kg pro-
vides reproducible and steady CsA
serum levels with peaks and trough
levels of 750 and 1000 ng/ml, respect-
ively (16). The rats were weighed every
3 days to adjust the CsA dosage, and
the control animals received only ster-
ile caster oil as a vehicle. At the end of
the experimental periods, CsA-treated
and control rats were killed by anes-
thetic overdose of pentobarbital so-
dium (50 mg/kg) and then gingival
tissues were removed from the man-
dibular anterior teeth carefully. For
histological confirmation of the CsA-
induced gingival overgrowth, gingival
tissues of CsA (10 mg/kg)-treated rats
were fixed in 10% neutral buffered
formalin, dehydrated in a graded eth-
anol series, and embedded in paraffin
with control. Sections were cut to
approximately 5 pm thick, and stained
with hematoxylin and eosin.

Human gingival tissues were
obtained from three healthy patients
by the crown-lengthening procedure as
control, and from three gingival over-
growth patients, who were taking CsA
for 2 years following renal transplan-
tation, by gingivectomy procedure.
This protocol was approved from the
ethnic committee of Chonnam
University Hospital.

Cell isolation and culture

Rat gingival tissue was carefully isola-
ted from the healthy attached gingiva
of the lower anterior teeth. The isola-
ted tissue was washed three times with
phosphate-buffered saline, and then
minced and incubated in 5 ml of alpha
Minimal Essential Medium (a«-MEM,
Gibco-BRL, NY, USA) containing
50 pg/ml of gentamycin, 50 U/ml of
penicillin G, and 50 pg/ml of strepto-
mycin at 37°C for 3 days. Gingival
cells, which were migrated from the
minced tissue to its periphery, were
treated with 0.05% trypsin-EDTA,
and then harvested and passaged into
new 25-cm? flasks (Corning, NY,
USA). After seven or eight passages of
the cells, only gingival fibroblasts
remained. These isolated cells were
seeded in new 25-cm? flasks at a density
of 1 x 10> cells, and then treated with
250, 500, 750, or 1000 ng/ml of CsA for
4 days. For the time-dependent effects
of CsA, gingival fibroblasts were cul-
tured for 1, 2, 3, and 4 days under
1000 ng/ml of CsA treatment.

Human gingival fibroblasts were
obtained from gingivectomized tissue
of a healthy individual through the
crown-lengthening procedure, who had
no clinical signs of inflammation in the
periodontal tissues (i.e. no visible
plaque, periodontal probing depth
< 3 mm, no bleeding on gentle prob-
ing, no signs of clinical loss of attach-
ment). The human gingival cells were
also isolated and cultured using the
same method above.

RNA extraction and Reverse
transcription—polymerase chain
reaction (RT-PCR)

For extraction of total RNA, gingival
tissues and cultured gingival fibroblasts
obtained from control and CsA-treated
groups of rat or human were homo-
genized with a polytron homogenizer in
Trizol reagent (Gibco-BRL). RNA
samples were quantified by spectro-
photometry at 260 nm wavelength.
Each cDNA was generated from 0.4 pg
of total RNA with Superscript II
(Gibco-BRL) at 42°C for 1 h and used
as a template for PCR analyses. The
RT-PCR exponential phase was



determined on 30-35 cycles to allow
quantitative comparisons among the
cDNAs developed from identical reac-
tions. All reactions involved an initial
denaturation at 94°C for 5 min
followed by 30 or 35 cycles at 94°C
for 50 s, exposure to an appropriate
annealing temperature (50-63°C) for
50 s, and 72°C for 1 min 40 s, on a
Mastercycler Personal PCR system
(Eppendorf, Hamburg, Germany).
After making the first strand cDNA by
reverse transcription, control PCR was
performed on 25-27 cycles to allow
quantitative comparisons among the
cDNAs developed from identical reac-
tions with primers for the housekeeping
gene, B-actin. After confirming the same
quantity of B-actin bands among them
by analyzing the samples on agarose
gels, main PCR reactions were pro-
cessed using specific primers for desired
genes. PCR primer sequences for angio-
genic (AGP1, bFGF, VEGF) and an-
giostatic (AGP2, BAIl, BAI2, TSP1,
TSP2) genes are shown in Table 1. The
amplified products were analyzed on
agarose gels and visualized by Trans-
illuminator/Polaroid camera system
(UVP Laboratories, Upland, CA, USA)
with ethidium bromide staining.

To quantify the expressions, gel
images from RT-PCR products were

scanned, and relative densities were
obtained by Scion Imaging analyses
program (Scion Corporation, Frederick,
MD, USA). Expressions of the genes
between CsA-treated and control
groups were compared as the ratio of
signal intensity to f-actin in each group.

Western blot analyses

The cultured human gingival fibro-
blasts were reacted with a lysis buffer
containing 50 mm Tris-HCI (pH 8.0),
150 mm NaCl, 5 mm EDTA, 1 tablet/
10 ml of complete protease inhibitor
mixture (Boehringer Mannheim, Indi-
anapolis, IN, USA), and 1% v/v
NP-40. The resolved proteins (50 pg)
were electrophoresed and transferred
to a nitrocellulose membrane. The
membrane was incubated with Tris-
buffered saline containing 0.05%
Tween 20 (TBST, Sigma, St. Louis,
USA) for 2 h, rinsed, and then incu-
bated with monoclonal antibody to
thrombospondin 2 (1 : 400 in TBST,
Santa-Cruz, CA, USA) for 2 h. After
three washes for 30 min, the
membrane was incubated for 1 h with
anti-goat horseradish peroxidase-con-
jugated antibody (1 : 10,000 in TBST,
Sigma, USA), and washed again as
the above. Using the enhanced

Table 1. Primers for angiogenic and angiostatic genes used in reverse transcription-

polymerase chain reaction (RT-PCR)

Product Annealing

Primer Oligonucleotide sequences size (bp) temperature (°C)

Angiogenic

AGPI S  5-ACTTGAGAATTACATTGTGG-3’ 257 50
AS 5-GAATTTCATTTGTCTGTTGG-3’

bFGF S  5-ACCCGGCCACTTCAAGGATC-3 496 54
AS 5-CTCAGCATGGAGGAACTCCCTG-3

VEGF S  5-GCTCTCTTGGGTGCACTGGA-3 644 59
AS 5-CACCGCCTTGGCTTGTCACA-3’

Angiostatic

AGP2 S  5SY-TATTGGCTGGGCAACGAGTTTG-3" 309 60
AS 5-CAAGTTGGAAGGACCACATGCG-¥

BAIl S  5-ATGACCGACTTCGAGAAGGACG-3" 460 62
AS 5-TCTGCGGCATCTGGTCAATGTG-3’

BAI2 S  5-GTGTCCAGCCTTCCATGAGATG-3" 452 62
AS 5-TTTCCGCATCCACCATGAAGC-3’

TSPI S  5-CGTCCTGTTCCTGATGCATG-3’ 472 61
AS 5-GGCCCTGTCTTCCTGCACAA-3’

TSP2 S  5-CTGTGTCAACACTCAGCCTGGC-3" 434 61
AS 5-TCCTTCTCATCGGTCACACCG-3’

B-ACTIN S  5-GATGATATCGCCGCGCTCGTC-3’ 530 60

AS 5-AGCCAGGTCCAGACGCAGGAT-3

S, sense; AS, anti-sense.
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chemiluminescence + western  blot-
ting detection system (Amersham
Pharmacia Biotech, Little Chalfont,
UK), TSP2 protein was visualized in
high performance chemiluminescence
hyperfilm  (Amersham  Pharmacia
Biotech, UK). The expressional chan-
ges following the CsA treatment were
compared with the densities of scan-
ned images by Scion Imaging analysis
program (Scion Corporation).

Statistical evaluation

The results are expressed as
means = SD from three or four
experiments.  Statistical differences

between groups were determined using
unpaired Student’s z-test. When p is
less than 0.05, the difference was con-
sidered significantly.

Results

Expressions of angiogenic and
angiostatic genes in the gingival
tissues of CsA-treated rats

To develop the gingival overgrowth,
CsA was injected into rats in daily do-
ses of 5, 10, 15 mg/kg body weight for
6 weeks, and also 10 mg/kg of CsA was
injected for 3, 6, and 12 weeks. CsA ata
dose of 10 mg/kg for 6 weeks induced a
clinically evident gingival overgrowth
affecting incisor regions at the inter-
dental papilla, and produced a gradual
tooth separation. Microscopic exam-
ination of the region revealed typical
findings of CsA-induced gingival over-
growth, such as the deposition of
collagen fibrils, enlargement of connec-
tive tissue, epithelial thickening, and
prominent rete pegs (data not shown).

To determine the type of angiogene-
sis-related genes involved in the CsA-
induced gingival overgrowth, RT-PCR
analyses were performed using specific
primers for the angiogenic (AGPI,
bFGF, VEGF) and angiostatic (AGP2,
BAIIL, TSP1, TSP2) genes. Expressional
changes of the above genes except for
TSP2 in the gingival tissue of
CsA-treated rat were not significantly
changed over the control, but TSP2
expression markedly decreased in the
CsA-treated gingival tissue (Fig. 1). The
decrease in TSP2 expression was
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Fig. 1. Comparison of angiogenic (A) and angiostatic (B) gene expressions in cyclosporin A
(CsA)-induced gingival overgrowth tissues of rats by reverse transcription-polymerase chain
reaction analyses. CsA (10 mg/kg) was administered subcutaneously for 6 weeks. A repre-
sentative gel image of four experiments is shown. Expressions of most angiogenesis-related
genes are not changed, but expression of thrombospondin 2 mRNA is reduced. B-Actin is
included as a control for confirming RNA fidelity. A thin arrow indicates each PCR ampli-
fication product. AGP, Angiopoietin; bFGF, basic fibroblast growth factor; VEGF, vascular
endothelial growth factor; BAI, brain-specific angiogenesis inhibitor; TSP, thrombospondin.
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Fig. 2. Expressional changes of thrombospondin 2 (TSP2) mRNA by cyclosporin A (CsA)
treatment in gingival tissues of rats. (A) CsA was injected subcutaneously with 5, 10, and
15 mg/kg for 6 weeks. Upper panel is a representative TSP2 expression of four experiments,
and lower panel shows the normalized expressions of TSP2 to B-actin by densitometric
analyses using the Scion Image analysis program. Expression of TSP2 mRNA by CsA
decreased in a dose-dependent fashion. (B) Time-course effect of CsA on the expression of
TSP2. CsA (10 mg/kg) was administered for 3, 6, and 12 weeks. TSP2 expression decreased
time-dependently. Data are expressed as means = SD from four experiments. Asterisks
represent significant changes from the control value (*p < 0.05; **p < 0.01). M indicates a
molecular marker.

dependent on the administered doses of
CsA, ranging from 5 to 15 mg/kg in-
traperitoneally (Fig. 2A), and it also

tended to decrease in a time-dependent
manner over the 12-week period
(Fig. 2B).

Changes of angiogenic and
angiostatic genes in the rat cultured
gingival fibroblasts

To determine whether the expressional
changes of angiogenic and angiostatic
genes noted in the gingival tissues also
occurred in the gingival fibroblast cells,
a cell potentially responsible for
development of CsA-induced gingival
overgrowth, RT-PCR analyses were
also undertaken in primary cultured
gingival fibroblasts from rats. Expres-
sion of angiogenic AGP1, bFGF, and
VEGF was not changed by 1000 ng/ml
of CsA, and none of the angiostatic
genes such as AGP2, brain-specific
angiogenesis inhibitors, and TSP1 were
significantly changed. However, TSP2
expression  prominently  decreased
compared to the control as noted in the
in vivo gingival tissue. It is notable that
TSP1 did not change, although its
structure and actions are very similar
to TSP2 (Fig. 3).

Changes of TSP2 expression by CsA
in gingival tissues and gingival
fibroblasts of human

To examine whether expressional
changes of TSP2 induced by CsA are
also produced in human gingival tis-
sues and fibroblasts as in the rat,
RT-PCR and western blot analyses
were done on human samples. Human
gingival tissues were obtained from
three healthy patients by crown-
lengthening procedure as controls, and
from three CsA-treated renal-graft
patients showing prominent gingival
overgrowth by the gingivectomy pro-
cedure. The expressions of TSP2
mRNA in the CsA-treated gingival
tissue decreased to 42 + 7.2% of the
control (n = 3, Fig. 4A). In the cul-
tured gingival fibroblasts derived from
the healthy gingival tissue, expression
of TSP2 mRNA decreased dose-
dependently, ranging from 250 to
750 ng/ml of CsA (Fig. 4B). And the
expression also gradually decreased
after one, two, three, and four days
under the 1000 ng/ml of CsA treat-
ments (Fig. 4C). Western blot analyses
showed that expression of TSP2 pro-
tein was also reduced dose-dependently
(Fig. 5).



Discussion

The relationship between CsA treat-
ment and gingival overgrowth has been

widely reported in human and some
experimental models (1, 6, 9), although
its underlying biochemical mechanisms
are not completely understood yet. The
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Fig. 3. Comparison of angiogenic (A) and angiostatic (B) gene expressions under 1000 ng/ml
of cyclosporin A treatment for 4 days in the cultured gingival fibroblast derived from the rat.
Expression of thrombospondin 2 mRNA is predominantly reduced; however, expressions of
most of the genes, including thrombospondin 1, were not significantly changed. B-Actin is
included as a control for confirming RNA fidelity. A thin arrow indicates each polymerase
chain reaction amplification product. See Fig. 1 for details of abbreviations.
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pathophysiological mechanisms of
CsA-induced gingival overgrowth have
been suggested to include features such
as an increase in the proliferation of
fibroblasts and an abnormal accumu-
lation of ECM components through
the inhibition of degradation enzymes
in the gingival tissue (10-12). Previous
studies have shown that CsA increases
in the cross-sectional area of blood
vessel in gingival connective tissue
(9, 10). The present study focused on
the regulation of the expression of
angiogenesis-related genes by CsA in
gingival tissue and cultured gingival
fibroblast cells. We found that the
expression of TSP2 decreased in CsA-
treated gingival tissues and fibroblasts,
and that the decreased expression of
angiostatic gene rather than an in-
creased expression of angiogenic gene
seemed to participate in increased
vascularization during the develop-
ment of CsA-induced gingival over-
growth.

VEGF and bFGF, mitogens for
human dermal microvascular endo-
thelial cells, are well known to induce
the migration of endothelial cell in vitro
(17, 18) and also to enhance micro-
vascular permeability and angiogenesis
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Fig. 4. Expressional changes of thrombospondin 2 (TSP2) mRNA in human gingival tissues (A) and cultured human gingival fibroblasts
under the cyclosporin A (CsA) treatment. In three CsA-treated gingival overgrowth tissues, expressions of TSP2 decreased to 58% of three
healthy gingival tissues, obtained by the crown-lengthening procedure. (B) Expressional changes of TSP2 mRNA under the treatment of
CsA (250, 500, 750, and 1000 ng/ml) for 4 days in human cultured gingival fibroblasts. TSP2 expression decreased dose-dependently.
(C) Expressional changes of TSP2 on 1, 2, 3, and 4 days after 1000 ng/ml of CsA treatment. TSP2 expression decreased time-dependently.
Data are expressed as means = SD from three experiments. Asterisks represent significant changes from the control value (*p < 0.05;

**p < 0.01). M indicates a molecular marker.
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Fig. 5. Changes of thrombospondin 2 (TSP2) protein expression in cultured human gingival
fibroblasts under the cyclosporin A (CsA) (1000 ng/ml) treatment. (A) A representative
western blot analysis of three experiments. (B) Densitometric analyses of the TSP2 expression
using the Scion Image analysis program. Note the reduced TSP2 expression along the
increase in CsA concentration administered, ranging from 250 to 1000 ng/ml. Data are
expressed as means = SD from three experiments. Asterisks represent significant changes
from the control value of TSP2 expression (**p < 0.01).

in vivo (19). These factors are involved
in many diseases and drug-induced
disorders which are accompanied with
angiogenesis. For example, VEGF is
expressed at low levels in normal skin,
whereas skin diseases associated with
the formation of blood vessel such as
psoriasis, bullous disease, and squa-
mous cell carcinoma show prominent
up-regulations of VEGF expression
(20). Pyogenic granuloma in oral gin-
gival tissue also gives rise to up-regu-
lation of VEGF and bFGF with
increased blood vessel formation (21).
Long-term administration of CsA eli-
cited up-regulation of VEGF mRNA,
protein, and VEGF receptors, Flt-1
and KDR/FIt-1, in nephrotoxic and
fibrotic kidney (22). However, the drug
also has anti-angiogenic effects to
inhibit an in vitro migration of primary

endothelial cells and an in vivo VEGF-
induced corneal angiogenesis (23). In
the present study, expressions of
VEGF and bFGF mRNA were not
affected in the CsA-induced gingival
overgrowth tissue and CsA-treated
fibroblasts. These results were different
from the up-regulation of such factors
observed in CsA-induced renal fibrosis
and phenytoin-/nifedipine-induced
gingival overgrowth accompanied with
the increase of blood vessel formation
(24, 25). However, there is one report
that CsA did not affect the bFGF-
induced angiogenesis in the cornea
pocket of rabbit (23). These data indi-
cate that VEGF and bFGF may not be
a critical angiogenic regulator of CsA-
induced gingival overgrowth, and
that the pathogenesis of CsA-induced
gingival overgrowth is not the same

as gingival overgrowth induced by
nifedipine and phenytoin.

Thrombospondins (TSP1 and TSP2)
have an inhibitory activity against
bFGF-induced experimental angio-
genesis (26) and new blood vessel for-
mation in cancer tissues such as
bladder cancer, breast carcinoma, lung
cancer, and colon cancer (20, 27-30).
The angiostatic effects are closely
related to the TSP-type 1 repeat do-
mains of TSP1 and TSP2, and they
elicit an inhibition of tumor formation
(26). Although it differs from experi-
mental systems, the angiostatic effect
of TSP2 is considered to be more
potent than that of TSPl because
TSP2-deficient mice show a more dra-
matic increase in formation of blood
vessels than TSP-1 deficient mice (31).
Meanwhile, the vasculature of normal
adult skin remains quiescent, due to
the dominant influence of endogenous
angiogenesis inhibitors like TSPs over
angiogenic stimuli, and down-regula-
tion of such peptides produces a brisk
angiogenesis during tissue repair and in
numerous diseases such as psoriasis
and squamous cell carcinomas (20). In
our study, the expressions of angio-
static TSP2 prominently decreased in
CsA-treated gingival fibroblasts and
tissues, but those of TSP1 and angio-
genic genes were not changed. These
results suggest that increased vascu-
larity in CsA-induced gingival over-
growth tissue could result from the
down-regulation of angiostatic TSP2
expression rather than the up-regula-
tion of angiogenic factor, and that
TSP2 is more important than TSP1 in
the development of gingival toxicity by
CsA.

Presently, there is no direct evidence
as to how CsA suppresses TSP2
expression and what mediates the cel-
lular signaling pathway during the
expressional down-regulation. How-
ever, there are some clues that CsA
could regulate genetic expression
through the modification of transcrip-
tional activities. Nuclear factor of
activated T cells (NFAT) and NFkB
act as transcriptional factors for some
lymphocytic cytokine genes such as
interleukins, tumor necrosis factor-a,
granulocyte-macrophage  colony-sti-
mulating factor, and interferon, and



CsA—CyP complexes inhibit transcrip-
tional activities of the factors with the
alteration of calcineurin activity (32—
34). Therefore, there is a possibility
that TSP2 down-regulation in the CsA-
treated gingival tissues and cells could
result from the inhibition of calcineu-
rin and a subsequent modification of
transcriptional activity.

Recently, other angiostatic factors,
brain-specific angiogenesis inhibitors
(BAIl, BAI2, and BAI3), were isola-
ted. They have a similar structure and
action on angiogenesis as TSPs; they
have four or five TSP-type 1 repeat
domains and inhibit the bFGF-in-
duced corneal angiogenesis in vivo like
TSPs (35, 36). Transcripts of brain-
specific angiogenesis inhibitors were
detected in various tissues and cells by
RT-PCR analyses unlike their
nomenclatures. In the malignant glio-
blastoma tissue, BAIl was promin-
ently down-regulated and
vascularization was observed (35). In
the extracranial colorectal cancer,
BAIl expression was also inversely
correlated with vascularity and distant
metastasis (37). However, in our CsA-
treated gingival tissues and cultured
fibroblast cells, expressions of angio-
static BAIl and BAI2 did not change.
It indicates that these factors did not
have a role in the development of CsA-
induced gingival overgrowth, and their
expressional regulations may be dif-
ferent from TSP2.

Taken together, CsA-induced gingi-
val vascularity was accompanied by
decreased expression of angiostatic
TSP2 rather than expressional changes
of other angiostatic and angiogenic
genes, and it suggests that decreased
expression of TSP2 in gingival tissues
may play a role in the development of
CsA-induced gingival overgrowth.
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