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Ⅰ. Introduction
Cyclosporin A(CsA) has been widely used

as an immunosuppressive drug to prevent

graft rejection after organ transplantation

and to treat several autoimmune disorders

such as rhumat arthritis atropic dermatitis,

psoriasis an Behcet's disease1). Unfortuna-

tely, clinical use of CsA is often associated

with side effects including hepatoxicity, ne-

phrotoxicity, neurotoxicity, hypertension and

gingival overgrowth2,3). The occurrence of

CsA-induced gingival overgrowth(CsAGO) is

highly variable, but regularly appears in

more than 70% of adult transplant reci-

pient4). CsAGO may interfere with normal

physiologic function such as mastication and

speech and may also have a oral hygiene

problem and a psychological impact5).1)

Despite extensive studies over the deca-

des, pathogenesis of CsAGO remains still

unsettled. There has been much controversy

in pathogenesis of CsAGO with conflicting

evidences as to whether it represents a true

hyperplasia. Some previous studies have

demonstrated that CsA and its major meta-

bolites OL-17 react with a distinct subpo-

pulation of gingival fibroblast, causing an

increments in protein synthesis and rate of

cell proliferation6-8). Furthermore, these

effects of CsA on human fibroblast proli-

feration may vary according to individual

cell strains9). In contrast, other previous

studies have suggested that CsA increases

production of extracellular matrix, collagen

and interleukin-6 but simultaneously dec-

reases proliferation of human gingival

fibroblast10,11). Nevertheless, it is apparent

that CsA increases cell proliferation of hu-

man gingival fibroblast in vitro12).
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Recent previous reports have suggested

that various growth factors may involve in

cell proliferation promoted by CsA in human

gingival fibroblast
12-14)

. In addition, there is

another possibility that antiapoptotic signals

and its regulating molecules may be involved

in enhanced proliferation by CsA in human

gingival fibroblast since cell survival rate

depends on balance between proliferation

and cell death. In practice, overexpression

of Bcl-2, an antiapoptotic molecule, pro-

motes myocyte proliferation and upregu-

lation of Bcl-2 enhances proliferation of

vascular endothelial cell, suggesting the

possibility that antiapoptotic signals may

involve in enhanced proliferation by CsA in

human gingival fibroblast. Besides, Bcl-2

promotes regeneration of severed axon in

mammalian CNS15). Up to date, however,

the roles of antiapoptotic signals and its

regulating molecules have been not studied

in CsA-induced cell proliferation of human

gingival fibroblast in vitro.

On the other hand, Apoptosis is driven

from the activation of a family of cysteine

protease called caspases, which then cleave

a critical set of cellular proteins to initiate

apoptotic cell death 16,17). These family are

expressed as proenzymes and are activated

by upstream stimuli. Among mammalian

caspases of at least 14 known members,

those involved with apoptosis can be further

subdivided into the initiator caspases(-2, -8,

-9 and -10) and the effector caspases(-3, -6

and -7) 18,19).

Two main pathways of activating caspases

are death receptor-mediated mechanism and

mitochondria-mediated mechanism. Both pa-

thways share the activation of caspase-3 as

an executioner caspase, which activates

caspase-activated DNase, causing apoptotic

DNA fragmentation. Death receptor pathway

is stimulated by cell surface death receptors

such as tumor necrosis factor(TNF) recep-

tor and Fas
20)

. The receptors activated by

ligands lead to caspase-8 activation, with

subsequent activation of caspase-3. The

mitochondrial pathway is initiated from

release of cytochrome c from mitochondria

into cytosol, subsequently resulting in cas-

pase-9 activation which causes the activa-

tion of caspase-3.

In addition to the caspase, members of

the Bcl-2 protein family are also critical for

the regulation of apoptosis. Bcl-2 family

control the release of mitochondrial cyto-

chrome c by regulating the permeability of

the outer mitochondrial membrane. Bcl-2

family members are functionally divided into

antiapoptotic molecules(Bcl-2, Bcl-XL, Bcl-

W, Mcl-1, A1) and proapoptotic molecules

(Bax, Bcl-1s, Bid, Bad, Bim, Bik) 18,19).

Among the Bcl-2 protein family, Bcl-2 and

Bcl-XL are prominent antiapoptotic family

whereas Bax, Bid and Bak are prominent

proapoptotic family15).

Based on the possibility that antiapoptotic

signals may be involved in CsAGO, the

present study was designed to investigate

the roles of molecules associated with mito-

chondria- and death receptor-mediated

apoptotic signals in CsA-induced cell proli-

feration in human gingival fibroblasts.
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Ⅱ. Materials and methods
1. Cell culture and cell viability assay
Human gingival fibroblast(HGF) cells

were obtained from heathy gingival tissue of

patient in Chonnam National Hospital. HGF

cell were maintained in DMEM media sup-

plemented with 10% fetal bovine serum

(Gibco, USA) under 5% CO2 at 37℃. Cyclo-

sporin A (CsA, Sigma, USA) was dissolved

in distilled DMEM and sterilized through

0.2 ㎛ filter. Cell viability was determined

using MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetra zolium bromide) assay(Sigma,

USA).

2. Observatoion of cell morphology by 
microscope

Cells were plated on 8-well chamber slide

at a density of 1×104 was incubated for 18 h,

subsequently followed by treatment CsA was

treated with different concentrations(1, 5,

10, 50μM). Cell proliferation by CsA was

obervated under microscope(Olympus, USA).

3. Detection of ROS production and 
caspase activity

Reactive oxygen species(ROS) production

was monitered by fluorescence spectrometer

(Hitachi F-4500, Japan) using 2', 7'-dichlo-

rofluor-bescin diacetate(DCF-DA). Cells we-

re plated on 96-well plate and treated with

N-acetyl-cysteine(NAC; Sigma, USA) and

CsA. DCF-DA(25 μM) was added into the

media for further 10 min at 37℃. Excitation

was measured at 480 nm wavelength and

emission was measured at 530 nm. Caspase

activities were assessed by ELISA reader

using the caspase-3, -9 activity assay kit

(Calbiochem, CA) and caspase-8 activity kit

(Santa Cruz, USA) according to the manu-

facturer's instructions.

4. Isolation of total RNA and reverse 
transcription polymerase chain re-
action(RT-PCR)

For extraction of total RNA, cells were

homogenized with a polytron homogenizer in

Trizol reagent(Gibco-BRL, USA). RNA sam-

ples were quantified by spectrophotometry

at 260 nm wavelength. For synthesis of c-

DNA, 2㎍ of total RNA and 2㎕ of Oligo-dT

(10pmoles) were mixed with 50 ㎕ RNase-

free water, and then incubated at 42°C for 1

h and 94℃ for 5 min. PCR products were

generated in PCR buffer containing 10 pmo-

les of each primer using PCR-premix kit

(Bioneer, Korea). After the first denatura-

tion step(5 min at 95℃), samples were sub-

jected to 30 cycles consisting of 40 sec at 9

5℃, 40 sec at 55℃, and 1 min 30 sec at 7

2℃, with a final extention step of 10 min,

on a GeneAmp PCR system(Perkin-Elmer

2400). The following primer pairs were

used: for Fas, 5'-CAAGGGACTGATAGCA-

TCTTTGAGG-3'(sense), 5'-TCCAGATTCAG-

GGTCACAGGTTG-3'(anti-sense), for VDAC

1, 5'-TGATACC ACGTTA GACCTCC-3'(sen-

se), 5'-ACAACCTGGAAGCTATTTCA-3'(anti

sense), for VDAC 2, 5'-TGCAGTGGTGTGG-

AATTTT-3'(sense), 5'-ACGAGTGCAGTTGG-

TACCTGA-3'(antisense), for VDAC 3,5'-
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GCTGCTAAGTATAGGCTGGA-3'(sense),5'-C

CACTGGATGGATCTGTAAT-3'(antisense),

for Bcl-2, 5'-ACTTTGCAGAGATGTCCA-

GT-3'(sense), 5'-CGGTTCAGGTACTCAGT-

CAT-3'(antisense), for Bax, 5'-TTTGTTCA-

GGGTTTCATCC-3'(sense), 5'-ATCTTCTTC-

CAGATGGTGAG-3'(antisense). The ampli-

fied products were analyzed on 1.5% agarose

gels containing ethidium bromide and vi-

sualized by UVP Transilluminator/ Polaroid

camera System(UVP Laboratories, CA).

RT-PCR was performed with primers for the

housekeeping gene, GAPDH, as a control.

The following primer pairs for GAP- DH

were used: 5'-TGCATCCTGCACCACCAACT

-3'(sense primer) and 5'-CGCCTGCTTCA-

CCACTTC-3'(antisense primer). The in-

tensities of the obtained bands were de-

termined using the NIH Scion Image Soft-

ware.

5. Western blotting 
Cells were washed twice with PBS and

proteins solubilized in the lysis buffer(1%

NP-40, 500 mM Tris-HCl, pH 7.4, 150 mM

NaCl, 5 mM EDTA, 1 mM Benzamid, 1 ㎍

/ml Trypsin inhibitor) containing a cocktail

of protease inhibitor(Complete, Germany).

To determinate cytosolic cytochrome c, pellet

was resuspended in extraction buffer con-

taining 220 mM mannitol, 68 mM sucrose,

50 mM PIPES-NaOH(pH 7.4), 50 mM Kcl, 5

mM EGTA, 2 mM MgCl2, and 1 mM DTT.

Lysates were incubated for 30 min at 4℃,

centrifuged at 11000 x g for 20 min and

protein concentrations were determined by

BCA protein assay(Pierce, IL). Protein

extracts(100～300 ㎍) were boiled for 5 min

with SDS-sample buffer and then subjected

to electrophoresis on 12% polyacrylamide

gel. Proteins were electroblotted onto nitro-

cellulose membrane(Amersham Pharmacia

Biotech, UK) and blocked with 5% skim

milk(Becton Dickinson, USA) in Tris-buf-

fered saline-0.1% Tween 20(TBS-T). Pri-

mary antibodies used were a rat monoclonal

anti-cytochrome c(Pharmingen, CA), Bax,

Bcl-2 and Bid(Santa Cruz, USA) were

applied. Blots were subsequently washed

three times in TBS-T for 5 min and incu-

bated with specific peroxidase-coupled

secondary antibodies(Sigma, USA). Bound

antibodies were visualized using an enhan-

ced chemiluminescent detection system

(Amersham Pharmacia Biotech, UK).

Ⅲ. Results
1. CsA promotes proliferation and re-

duces cytosolic ROS level in HGF 
cells

The effects of CsA on the proliferation of

HGF were assessed by MTT assay. As shown

in Figure 1 and 2, cell viability was

gradually enhanced in a dose-dependent

manner when HGF cells were exposed to 0.

1～50 μM CsA(Figure 1, 2). CsA increased

HGF proliferation about 120～160% relative

to control over 0.1～10 μM, CsA concentra-

tion used in this experiment is similar to

the plasma level(100-200 μg/ml) in patients

undergoing CsA-treatment. CsA showed

maximal proliferation rate at 5 μM and CsA

induced cell death of HGF above 50 μM. 5 μ
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Figure. 2. CsA induced cell 

proliferation of HGF cells. HGF 

cells were incubated with differ-

ent concentration(0.5, 1, 5, 10, 

50μM) of CsA for 12h. Cell 

morphology was observed by 

microscope(x200). CsA enhan- 

ced proliferation of HGF cells in 

a dose-dependent manner over 

0.1~10 μM , while it induced 

cell death above 50 μM CsA.

Figure 1. Effects of CsA on 

proliferation in HGF cells. Cell 

viability was determined by MTT 

assay as described in materials 

and methods. HGF cells were 

incubated with CsA for 24 h (A) 

and 5 μM CsA for indicated 

times (B). The viability increased 

in a dose- and time-dependent 

manner over 0.1~10 μM in CsA 

-treated HGF cells, whereas it 

decreased above 50 μM CsA- 

treated cells.(Data are mean±SD 

from 5 independent experi- 

ments.)

M CsA promoted HGF proliferation in a

time- dependent manner. To determine

whether CsA reduces cytosolic ROS level in

HGF or not, cytosolic ROS was measured in

CsA- treated HGF using DCF-DA. Figure 3

showed that 5 μM CsA reduced cytosolic

ROS level in the HGF cells.

736

0

5000

10000

15000

20000

25000

Control 1 5 10 1 5 10

D
C

F
 f

lu
o
re

s
e
n
c
e

+ 5 mM NAC

CsA(μΜ)
0

5000

10000

15000

20000

25000

Control 1 5 10 1 5 10

D
C

F
 f

lu
o
re

s
e
n
c
e

+ 5 mM NAC

CsA(μΜ)

Figure. 3. Cytosolic ROS level was reduced CsA-treated 

HGF cells. HGF cells loading DCF was incubated for 12 h 

with different concentration(1, 5, 10 μM ) of CsA alone or 

coincubation with 5 mM N-acetyl-C-cysteine(NAC) for 1 

h. The intracellular levels of ROS were detected by meas-

uring the DCF-DA fluorescence. CsA diminished cytosolic 

ROS level in HGF cells and NAC, free radical scavenger, 

greatly decreased the cytosolic ROS(Data are mean±SD 

from 5 independent experiments).
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Figure. 4. Altered mRNA expression of Bcl-2 and Bax in CsA-treated HGF cells. After in-

cubation of HGF cells with 5 μM CsA for 12 h, mRNA levels of Bcl-2 and Bax were de-

termined using RT-PCR analysis. CsA upregulated Bcl-2 expression in mRNA levels. 

Whereas it downregulated Bax expression CsA-treated HGF. The histograms showed the 

relative density of Bcl-2 and Bax expression, respectively, relative to control(Values are 

mean±SD from 5 independent experiments).

2. Bax and Bid is downregulated ver-
sus Bcl-2 is upregulated in CsA- 
treated HGF apoptosis 

Generally, Bax, Bid and Bcl-2 has proven

to be significant for cell survival deter-

mination, since Bax and Bid, cytochrome c

releasers from mitochodrial, lead to apop-

totic cell death and Bcl-2, a inhibitor of

cytochrome c release from mitochondira,

(A) (B)
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Figure. 5. Altered protein expre- 

ssion of Bcl-2 family in CsA- 

treated HGF cells. After incu- 

bation of HGF cells with 5 μM 

CsA for 12 h, protein leves of 

Bcl-2 family were determined 

using western blot analysis. Bcl 

-2 protein was upregulated, 

while Bax protein was down-

regulated in CsA-treated HGF 

cells.

leads to antiapoptotic effect. After the

treatment of HGF cells with 5 μM CsA for 8

h, expression level of Bax, Bid and Bcl-2 in

HGF cells were determined using RT-PCR

and western blot. Figre 4 and 5 showed that

CsA upregulated Bcl-2 expression and down-

regulated the expression of Bax and Bid.

3. Mitochondria is associated with CsA 
-induced HGF proliferation 

To investigate whether mitochondria are

involved in CsA-induced proliferation of

HGF cells, the amount of cytochrome c

released from mitochondira into cytosol was

determined using western blot in cytosolic

fractions as previous method. Cytosolic level

of cytochrome c was assumed as a con-

sequence of cytochrome c released from mi-

tochondria into cytosol. Cytosolic cytochrome

c was diminished in dose-dependent manner

in response to exposure of CsA for 8 h, even

if cytochrome c was slightly enhanced at 0.5

and 1 μM CsA(Figure 6A). Effects of CsA on

voltage-dependent anion channel(VDAC) was

determined using RT-PCR in order to

elucidate the mechanism by which CsA

inhibit cytochrome c release from mito-

chondria into cytosol. Expression of VDAC 1

and 3 were downregulated but VDAC 2

expression was not changed in CsA-treated

HGF cells(Figure 6B). From these results,

it is speculated that mitochondria-mediated

apoptotic signals may be involved in CsA-

induced proliferation of HGF cells.

4. Caspases are involved in CsA-in-
duced proliferation in HGF cells

Caspases activities were measured on the

basis that active caspases consequently

cleave their substrate at a specific site.

LEHD-pNA(200 μM), and DEVD-pNA(200 μ

M) were used as substrates for caspase-9,

and -3 respectively. Caspase-9 and -3 acti-

vities was reduced relative to control in

response to 1～10 ㎛ CsA for 8 h in HGF

cells(Figure 7A, 7B).
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Figure 7. Effects of CsA on ac-

tivity of caspase-9 and -3 in 

CsA -treated HGF cells. Cells 

was treated with different con-

centration of CsA(1, 5, 10 μM ) 

for 1 h. Absorbance for cas-

pases was measured in the 

wells at 405 nm by ELISA read-

er as described in materials and 

methods. CsA decreased activity 

of caspase-9 (A) and cas-

pase-3 (B), respectively. (Re- 

sults are mean±SD from 5 ex-

periments).
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Figure 6. Decreased release of cytochrome c from mitochondria into cytosol and down-

regulated expression of VDAC in CsA-treated HGF cells. After HGF cells exposed to CsA 

with different concentration for 12 h, cytosolic cytochrome c were determined using 

western blot analysis. CsA decreased the release of cytochrome c from mitochondria into 

cytosol in HGF cells (A). After incubation of HGF cells with 5 μM CsA for 12 h, mRNA 

levels of VDAC were determined using RT-PCR analysis. CsA downregulated expression 

of VDAC 1 and 3, but VDAC 2 expression was significantly not affected (B). (Values are 

mean±SD from 5 independent experiments).
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Figure 8. Downregulated Fas and caspase-8 in CsA-treated HGF 

cells. After incubation of HGF cells with 1~10 μM CsA, mRNA 

levels of Fas, a component of death receptor assemblies, was 

determined using RT-PCR analysis. CsA downregulated Fas in 

mRNA levels in a dose-dependent manner(A). CsA decreased 

caspase-8 activity at 1 μM concentration CsA (B).(Results are 

mean±SD from 5 experiments.)

5. Fas was downregulated in CsA- 
treated HGF

To know whether death receptor-mediated

apoptotic signal is involved in proliferation

of HGF cells, the mRNA levels of Fas, a

death receptor assembly, were determined

using RT-PCR. Expression of Fas was down-

regulated in response to 1～10 μM CsA for

8h in a dose-dependent manner(Figure 8).

This result suggests that death receptor-

mediated apoptotic signal may play a crucial

role in CsA-induced proliferation of the HGF

cells.

Ⅳ. Discussion
Cyclosporin A(CsA), a cyclic polypeptide

composed of 11 aminoacids, has been used

immunosuppressive drug to prevent organ

transplant rejection and to treat autoim-

mune diseases. One of prominent side

effects in CsA therapy is gingival over-

growth, which is basically characterized by

accumulation of extracellular matrix within

the gingival connective tissues and an incre-

ment of HGF proliferation. However, there

has been controversy whether CsA-induced

gingival overgrowth represents a true hyper-

plasia or not. Some previous reports demon-
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strated that CsA has a stimulatory effect on

human gingival fibroblast
6,8)

. In contrast,

other previous reports showed that CsA has

no effect or a inhibitory effect on prolifera-

tion in gingival fibroblast
10,11)

. These variant

effects of CsA may be contributed to subpo-

pulation of human gingival fibroblast which

have different characteristics in response to

CsA21). Moreover, previous reports have

showed that CsA has different effects on cell

proliferation according to cell type. CsA

interferes with T cell proliferation whereas

it promotes hair epithelial cell prolifera-

tion22,23).

In the present study, CsA promoted

proliferation of HGF over 0.1-10 μM, in a

dose- and time-dependent manner, confir-

ming that CsA has a stimulating effect on

HGF, even if CsA induced HGF cell death at

high concentration above 50 μM CsA. Con-

centration(0.1-10 μM) of CsA used in the

present study is similar to the plasma

concentration(100-200 μg/ml) of patients un-

dergoing CsA treatment. A recent study

reported that transforming growth factor-β1

is involved in enhanced proliferation by CsA

in HGF12). However, there is another possi-

bility that apoptotic signals and its regula-

tory molecules may play a role in CsA-

induced proliferation in HGF since cell sur-

vival rate depends on the balance between

cell proliferation and cell death. Indeed,

overexpression or upregulation of Bcl-2, an

antiapoptotic molecule which release cyto-

chrome c from mitochondria into cytosol,

promotes myocyte or vascular endothelial

cell proliferation24,25). Besides, Bcl-2 promo-

tes regeneration of severed axon in mam-

malian CNS
15)

. These previous reports

support the possibility that apoptotic signals

and its regulatory molecules may be

involved in CsA-induced HGF proliferation.

Up to date, however, there are no reports

which examine the role of apoptotic signals

and its regulatory molecules in CsA-induced

proliferation of HGF. Interestingly, present

study showed that Bcl-2, an antiapoptic

molecule which inhibits cytochrome c release

from mitochondria into cytosol, was upre-

gulated, whereas Bax and Bid, apoptotic

molecules which oppositely, to Bcl-2, were

down regulated. From the present results, it

is suggested that Bcl-2 family may play a

pivotal role in CsA-induced proliferation of

HGF. Recently, some previous reports de-

monstrated that Bcl-2 family controls cell

proliferation through directly regulating the

cell cycle, supporting the possibility that

Bcl-2 family may play a role in CsA-induced

proliferation in HGF26-28). Beside, another

previous report showed that Bcl-2 regulates

cytosolic reactive oxygen species(ROS) level,

a potent apoptotic stimulator which sti-

mulates, resulting into stimulating cell pro-

liferation29). In the present study, cytosolic

ROS levels were significantly reduced in

CsA-treated HGF. From the previous re-

ports and the present results, it is sug-

gested the possibility that CsA stimulates

cell proliferation through reducing cytosolic

ROS level by regulating Bcl-2 family in

HGF, even if its underlying mechanisms are

still unknown. However, the mechanisms

regulating expression of Bcl-2 family by CsA

were not examined in the present study, of

which further studies will be needed.
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On the other hand, it has been well known

that two distinct pathways execute apop-

totsis regulated by Bcl-2 family, ultimately

classifying into mitochondriadependent path-

way(intrinsic pathway) and death receptor-

dependent(extrinsic pathway)
30)

. Mitochon-

dria-dependent apoptotic pathway is ini-

tiated when cytochrome c is released

through voltage dependent anion chan-

nel(VDAC) from the impaired mitochon-

dria into cytosol, subsequently forming

complexes with Apaf-1 in the presence of

dATP of its analogies that recruits and

activates caspase-9 which activates caspase

-3 31,32). Death receptor-dependent apoptotic

pathway is driven from caspase-8 activated

through Fas or TNF-α receptor system. Cas-

pase-8 then activates caspase-3 through

direct proteolytic action or through activa-

tion mitochondria-dependent pathway by

cleaving Bid, a member of the mitochon-

dria-damaging proapotptotic Bcl-2 family
33,34). However, none of experiments have

showed the evidence which apoptotic signals

are involved in CsA-induced cell proli-

feration in HGF. In the present study, the

activity of caspase-3, a key and common

caspase, in both mitochondria- and death

receptor-mediated apoptosis, was diminished

in CsA-treated HGF, indicating that apop-

totic signals may involved in CsA-induced

cell proliferation of HGF. In the present

study, both caspase-9 activity and cytosolic

cytochrome c level were almost reduced in

CsA-treated HGF, even if cytosolic cyto-

chrome c was slightly elevated at low

concentration of CsA. These results suggest

the possibility that mitochondria-meidated

apoptotic signals may involved in CsA-

induced cell proliferation in HGF. Many

previous reports have showed that CsA is a

specific VDAC permeability transition pore

(PTP) blocker which inhibiting cytochrome c

release from mitochondria into cytosol and

Bcl-2 family directly regulates VDAC-PTP

opening35-38). From the previous reports, it

is assumed that CsA reduces cytosolic

cytochreme c through directly blocking

VDAC-PTP opening or regulating Bcl-2

expression in HGF. In addition, surpri-

singly, expression of VDAC 3 and VDAC 1

among the VDAC family were down-

regulated in CsA-treated HGF. The present

results show the possibility that CsA

inhibits cytochrome c release from mitoch-

rondira into cytosol not only through direc-

tly blocking VDAC-PTP, but also by regula-

ting VDAC expression.

In addition, expression of Fas, a death

receptor assembly, was downregulated in

CsA-treated HGF. Moreover, expression of

Bid, which is known to be activated by

caspase-8 was downregulated in CsA-treated

HGF. Taken together, it is speculated that

the death receptor-mediated apoptotic sig-

nals as well as mitochondria-mediated apop-

totic signals may be involved in CsA-induced

cell proliferation, of which their underlying

mechanisms will be further studied to

elucidated.

In summary, the present results suggest

that Bcl-2 family and apoptotic signal may

play a crucial role in CsA-induced cell proli-

feration in HGF.

742

Ⅴ. References
1. Faulds D, Goa KL and Benfield P.

Cyclosporin. A review of its pharma-

codynamic and pharmacokinetic proper-

ties, and therapeutic use in immuno-

regulatory disorders. Drugs 1993;45(6):

953-1040.

2. Wysocki GP, Gretzinger HA, Laupacis A,

Ulan RA and Stiller CR. Fibrous hyper-

plasia of the gingiva. A side effect of

cyclosporin A therapy. Oral Surg, Oral

Med, Oral Pathol 1983;55:274-278.

3. Paul LC. Overview of side effects of

immunosuppressive therapy. Transplant

Proc 2001;33:2089-2091.

4. Daley TF, Wysocki GP and Day C. Clini-

cal and pharmacological correlations in

cyclosporine induced gingival hyperpla-

sia. Oral Surg, Oral Med, Oral Pathol

1986;62:417-421.

5. Chabria D, Weintraub RG and Kilpatrick

NM. Mechanisms and management of

gingival overgrowth in paediatric tran-

splant recipients: a review. Int J Pae-

diatr Dent 2003;13(4):220-229.

6. Jacobs D and Hassel TM. The effect of

cyclosporin metabolite OL-17 on gingival

fibroblast sub populations. J Dent Res

1990;69:221.

7. Hassel T, Buchanan J, Cuchens M and

Doudhlas J. Fluoresence activated vital

cell sorting of human fibroblasts subpo-

pulations that bind Cyclosporine A. J

Dent Res 1988;67:273.

8. Tipton DA, Stricklin GP and Dabbous

MK. Fibroblast heterogeneity of collage-

nolytic response to cyclosporine. J Cell

Biochem 1991;46:152-165.

9. Coley C, Jarvis K and Hassell T. Effect

of cyclosporine-A on human gingival

fibroblasts in vitro. J Dent Res 1986;

65:353.

10. Schincaglia GP, Forniti F, Cavallini R,

Piva R, Calura G and del Senno L.

Cyclosporin-A increases type I procolla-

gen production and mRNA level in hu-

man gingival fibroblasts in vitro. J Oral

Pathol Med 1992;21(4):181-185.

11. Williamson MS, Miller EK, Plemens J,

Rees T and Iacopino AM. Cyclosporine-A

upregulates interleukin-6 gene expres-

sion in human gingiva: possible mecha-

nism for gingival overgrowth. J Perio-

dontol 1994;65(10):895-903.

12. Cotrim P, Martelli-Junior H, Graner E,

Sauk JJ and Coletta RD. Cyclosporin A

induces proliferation in human gingival

fibroblasts via induction of transforming

growth factor-beta 1. J Periodontol 2003;

74(11): 1625-1633.

13. Hyland PL, McKeown ST, Mackenzie IC

and Irwin CR. Regulation of keratinocyte

growth factor and scatter factor in cyclo-

sporin-induced gingival overgrowth. J

Oral Pathol Med 2004;33(7):391-397.

14. Iacopino AM, Doxey D and Cutler CW.

Phenytoin and cyclosporine A specifically

regulate macrophage and expression of

platelet derived growth factor and inter-

leukin1 in vitro and in vivo: possible

mechanism of drug induced overgrowth.

J Periodontol 1997;68:73-83.

15. Chen DF, Schneider GE, Martinou JC

and Tonegawa S. Bcl-2 promotes regene-

ration of severed axons in mammalian



743

CNS. Nature 1997;385(6615): 391-393.

16. Roth JA, Feng L, Walowitz J and

Browne RW. Manganese -induced rat

pheochromocytoma cell death is inde-

pendent of caspase activation. J Neurosci

Res 2000;61:162-171.

17. Crompton M. Mitochondrial intermem-

brane junctional complexes and their

role in cell death. J Physiol 2000;529

:11-21.

18. Adams JM and Cory S. The Bcl-2 pro-

tein family: arbiters of cell survival.

Science 1998;281:1322-1326.

19. Tsujimoto Y and Shimizu S. Bcl-2: Life-

or-death switch. FEBS Lett 2000;466:

6-10.

20.Beer R, Frenz G, Schopf M, Reindl M,

Zelger B, Schmutzhard E, Poewe W and

Kampfl A. Expression of Fas and Fas

ligand after experimental traumatic

brain injury in the rat. J Cereb Blood

Flow Metab. 2000;20:669-677.

21. Phipps RP, Borrello MA and Blieden

TM. Fibroblast heterogeneity in the

periodontium and other tissues. J Perio-

dontal Res 1997;32(1-2):159-165.

22.Mascarell L, Auger R, Alcover A, Ojcius

DM, Jungas T, Cadet-Daniel V, Kanel-

lopoulos JM and Truffa-Bachi P. Charac-

terization of a gene encoding two iso-

forms of a mitochondrial protein up-

regulated by cyclosporin A in activated T

cells. J Biol Chem 2004;279(11):10556

-10563.

23. Takahashi T and Kamimura A. Cyclo-

sporin a promotes hair epithelial cell

proliferation and modulates protein ki-

nase C expression and translocation in

hair epithelial cells. J Invest Dermatol

2001;117(3):605-611.

24. Limana F, Urbanek K, Chimenti S,

Quaini F, Leri A, Kajstura J, Nadal-

Ginard B, Izumo S and Anversa P. bcl-2

overexpression promotes myocyte proli-

feration. Proc Natl Acad Sci USA 2002;

99(9):6257-6262.

25. Nor JE, Christensen J, Liu J, Peters M,

Mooney DJ, Strieter RM, Polverini PJ.

Up-Regulation of Bcl-2 in microvascular

endothelial cells enhances intratumoral

angiogenesis and accelerates tumor

growth. Cancer Res 2001;61(5):2183-

2188.

26. Bonnefoy-Berard N, Aouacheria A, Ver-

schelde C, Quemeneur L, Marcais A and

Marvel J. Control of proliferation by

Bcl-2 family members. Biochim Biophys

Acta 2004;1644(2-3):159-168.

27. Furukawa Y, Iwase S, Kikuchi J, Terui

Y, Nakamura M, Yamada H, Kano Y and

Matsuda M. Phosphorylation of Bcl-2

protein by CDC2 kinase during G2/M

phases and its role in cell cycle regula-

tion J Biol Chem 2000;275(28):21661

-21667.

28. Scatena CD , Stewart ZA, Mays D, Tang

LJ, Keefer CJ, Leach SD and Pietenpol

JA. Mitotic phosphorylation of Bcl-2

during normal cell cycle progression and

Taxol-induced growth arrest. J Biol

Chem 1998;273:30777-30784.

29. Deng X, Gao F and May WS. Bcl2

retards G1/S cell cycle transition by

regulating intracellular ROS. Blood 2003

:3179-3185.

30. Thornberry NA, Rano TA, Peterson EP,

744

Rasper DM, Timkey T, Garcia-Calvo M,

Houtzager VM, Nordstrom PA, Roy S,

Vaillancourt JP, Chapman KT and Ni-

cholson DW. A combinatorial approach

defines specificities of members of the

caspase family and granzyme B. Func-

tional relationships established for key

mediators of apoptosis. J Biol Chem

1997;272:17907-17911.

31. Li P, Nijhawan D, Budihardjo I, Srini-

vasula SM, Ahmad M, Alnemri ES and

Wand X. Cytochrome c and dATP-

dependent formation of Aparf-1/caspase

-9 complex initiates an apoptotic pro-

tease cascade. Cell 1997;91:479-489.

32. Araya R, Uehara T and Nomura Y.

Hypoxia induces apoptosis in human

neuroblastoma SK-N-MC cells by caspase

activation accompanying cytochrome c

release from mitochondria. FEBS Lett

1998;439:168-172.

33.Wang K, Yin XM, Chao DT, Milliman CL

and Korsmeyer SJ. BID: a novel BH3

domain-only death agonist. Genes Dev

1996;10:2859-2869.

34. Gross A, Yin XM, Wang K, Wei MC,

Jockel J, Milliman C, Erdjument-Bro-

mage H, Tempst P and Korsmeyer SJ

Caspase cleaved BID targets mitochon-

dria and is required for cytochrome c

release, while BCL-XL prevents this

release but not tumor necrosis factor-

R1/Fas death. J Biol Chem 1999;274:

1156-1163.

35. Martinou JC and Green DR. Breaking

the mitochondrial barrier. Nat Rev Mol

Cell Biol 2001;2:63-67.

36. Zamzami N and Kroemer G. The mito-

chondrion in apoptosis: how Pandora's

box opens. Nat Rev Mol Cell Biol

2001;2:67-71.

37. Zamzami N, Marchetti P, Castedo M,

Hirsch T, Susin SA, Masse B and

Kroemer G. Inhibitors of permeability

transition interfere with the disruption

of the mitochondrial transmembrane

potential during apoptosis. FEBS Lett

1996;384:53-57.

38. Petronilli V, Nicolli A, Costantini P,

Colonna R, and Bernardi P. Regulation

of the permeability transition pore, a

voltage-dependent mitochondrial channel

inhibited by cyclosporin A. Biochim

Biophys Acta 1994;1187:255-259.



745

-국문초록-

사람 치은 섬유모세포에서 Cyclosporin-A 유도 
세포증식에 대한 항세포고사 기전

정태술
1
․정현주

1,3
․김원재

2,3

1전남대학교 치과대학 치주과학교실
2구강생리학교실

3전남대학교 치의학연구소

Cyclosproin A(CsA)는 세포 이식거부방지를 위한 면역 억제제 및 자가 면역질환 치료제로 널리 사용되어

왔다. CsA는 배양된 사람 치은섬유아세포를 증식시킴이 알려져 있지만 CsA에 의한 세포증식기전에 대한 세

포사멸기전 및 Bcl-2의 역할은 연구되어 있지 않다.

이번 연구는 사람 섬유아세포에서 CsA에 의한 세포증식기전에 세포고사기전 및 Bcl-2 family가 관여하는

지 밝히는 데에 목적이 있다. 세포 생장력은 MTT 방법으로 측정하였다. Bcl-2 family와 Fas 발현 정도는

RT-PCR 방법이나 western blot으로 확인하였다. Caspase-3 및 -9의 활성은 ELISER reader로,

reactive oxygen species(ROS)는 fluorescence spectrometer에 의해 측정되었다. 미토콘드리아에서 세

포질로 분비된 cytochrome c는 Western blot으로 조사하였다.

CsA는 0.1～10 μM에서 사람 섬유아세포의 생존률을 시간과 농도 의존적으로 증가시켰으며, 50 μM CsA

에서는 오히려 세포가 죽었다. 또한, CsA 처리로 미토콘드리아에서 세포질로 유리되는 cytochrome c 양과

VDAC 1 및 3 발현량이 감소되었고, caspase-9과 caspase-3의 활성도도 감소되었다. 한편, CsA 처리한 섬

유아세포에서 death receptor 구성요소인 Fas 발현이 감소되었다. Bcl-2 family에 대한 RT-PCR,

western blot 분석결과, 세포고사를 억제하는 Bcl-2 발현은 증가되었으나 세포고사를 자극하는 Bax와 Bid

의 발현은 감소되었다.

이러한 결과들은 사람 섬유아세포에서 CsA유도 세포증식에 Bcl-2 family와 ROS가 매개하는 미토콘드리

아 의존 및 death receptor 의존 세포고사기전이 관여함을 시사하였다.2)

Key words : 치은 섬유모세포, Cyclosporin-A, caspase, Bax, Bid, Bcl-2


