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Background and Objective: We assessed the effects of cyclosporine A and nifedi-

pine on the in vitro incorporation of [35S]sulfate into gingival fibroblast cell cul-

tures derived from responder and nonresponder subjects who had received an

organ transplant followed by a therapeutic regimen using a combination of those

drugs.

Material and Methods: Gingival fibroblasts were isolated from responder and

nonresponder subjects and maintained in vitro. Prior to cell harvest, gingival

interleukin-1b concentrations were determined by enzyme-linked immunosorbent

assay (ELISA). Cells were untreated or exposed to either 10)7)10)10 M nifedipine

or 100–500 ng/ml cyclosporine A. Incorporation of [3H]proline or [35S]sulfate into

the cell cultures was determined by liquid scintillation analysis. In addition, the

effects of 400 ng/ml cyclosporine A + 10)7 M nifedipine and 400 ng/ml cyclosp-

orine A + 10)10 M nifedipine on incorporation of [35S]sulfate into the cell cultures

was determined. Data were compared by factorial analysis of variance (ANOVA)

and a posthoc Tukey’s test.

Results: Gingiva from responders contained significantly more interleukin-1b than

gingiva from nonresponders (p < 0.01). The cell cultures derived from responders

incorporated significantly more [35S]sulfate than those derived from nonrespond-

ers following exposure to either cyclosporine A or 10)7 M nifedipine. In addition,

the exposure of fibroblasts derived from gingival overgrowth to either 400 ng/ml

cyclosporine A + 10)7 M nifedipine or 400 ng/ml cyclosporine A + 10)10 M

nifedipine significantly increased or decreased, respectively, the incorporation of

[35S]sulfate into the cultures.

Conclusion: The therapeutic combination of cyclosporine A and nifedipine could

be a significant risk factor for gingival overgrowth in subjects susceptible to either

agent. The mechanism for overgrowth could include edema secondary to increased

sulfated-glycosaminoglycan (sGAG) synthesis by fibroblasts, but further investi-

gation is required.
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Gingival overgrowth is a disfiguring

condition that affects 15–20% of indi-

viduals receiving nifedipine (NIF) (1)

and 25–81% of those receiving

cyclosporine A therapies (2).

Cyclosporine A is commonly utilized

as an immunosuppressive drug to pre-

vent the rejection of transplanted or-

gans (3). In addition, Cyclosporine A is

often used in the treatment of various

autoimmune diseases, including diabe-

tes mellitus (4), Behcet’s disease (5),

and systemic lupus erythematosis (6).

A common side-effect of cyclosporine

A therapy is hypertension, which is

often controlled with vasodilator

medications, such as NIF (7), which is,

itself, a risk factor for gingival over-

growth. Thus, cyclosporine A and NIF

are often administered together, espe-

cially in organ transplant patients.

Numerous studies suggest that sub-

ject-specific risk factors are important

in the development of gingival over-

growth (8–10). When exposed to either

cyclosporine A or NIF, gingival over-

growth becomes evident in many sub-

jects (responders); however, others do

not experience gingival overgrowth

(nonresponders) (11). When cyclospo-

rine A and NIF are administered to-

gether, gingival overgrowth often

becomes even more severe in respond-

ers (7). There is no general agreement

concerning possible physiological dif-

ferences between responders and non-

responders, although distinct

subpopulations of gingival fibroblasts,

macrophages, and lymphocytes have

been identified that probably contrib-

ute to the individual susceptibility for

gingival overgrowth in responders

(9,12).

Fibroblasts increase the synthesis of

collagens, proteoglycans, and other

extracellular matrix components within

the gingiva of responders receiving cy-

closporine A or NIF (13–16). Several

studies have been carried out into the

effects of cyclosporine A on the com-

position of human gingival sulfated-

glycosaminoglycan (sGAG) (17–22),

but no studies have been reported of

the effects of NIF on gingival sGAG

concentration. In addition, there are

conflicting data regarding the specific

effects of cyclosporine A on gingival

sGAG synthesis and accumulation.

For instance, there is evidence for ei-

ther elevated (17–19,21) or no change

(18,20) in the tissue concentrations of

sGAG within gingival overgrowth tis-

sues from subjects receiving cyclospo-

rine A.

Although case histories of renal

transplant patients describe enhanced

gingival overgrowth in patients receiv-

ing both cyclosporine A and NIF

(23,24), there are no studies of the

specific synergistic mechanisms under-

lying the adverse effects of these agents.

In addition, there are no comparative

studies of the differences in rates and

patterns of sGAG synthesis by gingival

fibroblasts obtained from responder

and nonresponder organ transplant

patients. Because of the widespread use

of cyclosporine A and NIF, study of

their combined effects on the gingival

extracellular matrix would be useful

information for the design of both

preventive and therapeutic procedures

for gingival overgrowth. Thus, it

seemed worthwhile to test the individ-

ual and combined effects of cyclospo-

rine A and NIF on sGAG

accumulation of in vitro cultures of fi-

broblasts derived from these patients.

Materials and methods

Isolation of fibroblasts

Human gingiva biopsies were obtained

from renal transplant patients receiv-

ing cyclosporine A + NIF therapy.

Eight subjects had evidence of gingival

overgrowth (responders) and eight

subjects had no evidence of gingival

overgrowth (nonresponders). All sub-

jects were patients at the dental out-

patient clinic of the University of

Mississippi Medical Center. The Insti-

tutional Review Board of the Univer-

sity of Mississippi Medical Center

approved the project and the informed

consent document.

All subjects were Caucasian males

receiving the following medications:

prednisone (10–15 mg every other

day), NIF (20–30 mg three times/d),

cyclosporine A (310–330 mg/d), and

azanthropine (25–50 mg/d). gingival

overgrowth was removed from

responders by gingivectomy. Gingival

papillae were obtained from nonre-

sponders prior to routine extraction of

the adjacent teeth. Each tissue sample

was minced with a scalpel and the cells

were removed by digestion in 0.1% (w/

v) collagenase (Clostridium histolyti-

cum, Type 1; Sigma Chemical Com-

pany, St Louis, MO, USA). The cells

were maintained in a-minimal essential

medium containing 10% (v/v) heat-

inactivated fetal bovine serum and 1%

(v/v) antibiotics (Sigma Chemical

Company). When the cells became

confluent, they were detached from the

substrate by treatment with trypsin–

EDTA (Sigma Chemical Company)

and plated into tissue culture dishes.

The cells were studied during passages

3–6.

Determination of the interleukin-1b
concentration

Some tissue fragments from each

biopsy were completely solubilized by

grinding in phosphate-buffered saline

(PBS). Before grinding, the tissue was

blotted, weighed in a microbalance,

and then placed in a volume of PBS

sufficient to ensure a dilution of 10 mg

of tissue per ml of PBS. A standard

bicinchoinic acid assay (Pierce Chem-

ical Company, Rockford, IL, USA)

was used to assess the protein con-

centration of each tissue aliquot. The

absorbance of each well was read in a

microplate spectrophotometer at

570 nm, and protein concentrations

were calculated from a standard

curve. To determine the level of

interleukin-1b, tissue aliquots were

assayed by enzyme-linked immuno-

sorbent assay (ELISA), using a com-

mercial kit (Quantikine�; R & D

Systems, Minneapolis, MN, USA).

The absorbance of each well was read

in a microplate spectrophotometer at

450 nm and the concentration of

interleukin-1b was calculated from a

standard curve. Each tissue sample

was assayed in duplicate. Data were

expressed as pg of interleukin-1b/mg

of protein.

Exposure to test media

A total of 105 cells were seeded in 60-

mm dishes and maintained for 6 d in a-
minimal essential medium containing
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10% (v/v) heat-inactivated fetal bovine

serum, 1% (v/v) antibiotics, 50 lg/ml

ascorbic acid, and 0 (control) or

10)7)10)10 M NIF, 100–500 ng/ml cy-

closporine A, or a combination of the

target serum dosage for cyclosporine A

(400 ng/ml) and the NIF concentra-

tions with maximal (400 ng/ml cy-

closporine A + 10)7 M NIF) or

minimal (400 ng/ml cyclosporine

A + 10)10 M NIF) effects on incor-

poration of [35S]sulfate into the cell

culture. On day 6, the cells were ex-

posed to serum-free medium contain-

ing either 1 lCi/ml [3H]proline (L-2, 3-

[3H]proline; specific activity, 57 Ci/

mmol) or 1 lCi/ml [35S]sulfate (25–

40 Ci/mg of sulfur; Amersham Life

Sciences, Arlington Heights, IL, USA).

On day 7, the cell monolayer was de-

tached by treatment with trypsin–

EDTA and an aliquot was removed in

order to carry out a quantitative

assessment of cell number using a

Coulter counter. All experiments were

repeated four times.

Each cell culture was solubilized and

then dialyzed for 24 h against 50 mM

Tris/HCl buffer (pH 7.6), containing

5 mM CaCl2. An aliquot of the dialy-

sate from each cell culture, exposed to

either [35S]sulfate or [3H]proline, was

dissolved in scintillation fluid and the

radioactivity determined by liquid

scintillation analysis.

Statistical analysis

Mean cell counts, decay per min/106

cells, and gingival interleukin-1b con-

centrations (pg/mg protein) were

determined for each sample and group,

and mean values were compared by

factorial analysis of variance and a

posthoc Tukey’s test using SPSS

12.0.2� for Windows. Mean values

were considered to be significantly

different when p < 0.05.

Results

Interleukin-1b gingival
concentrations

The mean interleukin-1b concentration

within solubilized gingival overgrowth

samples from responders was signifi-

cantly greater (12.64 ± 1.81 pg/mg of

protein) than within the normal gin-

giva (NG) samples from nonrespond-

ers (4.89 ± 0.72 pg/mg of protein)

(p < 0.01).

Exposure of fibroblasts to
cyclosporine A

Exposure of fibroblasts obtained from

both NG and gingival overgrowth to

300–500 ng/ml cyclosporine A signifi-

cantly increased the incorporation of

[35S]sulfate into the cell cultures, com-

pared with the control (300 ng/ml cy-

closporine A, p < 0.05; 400–500 ng/ml

cyclosporine A, p < 0.001) (Fig. 1). In

addition, the incorporation of [35S]sul-

fate into the fibroblast cell cultures

obtained from gingival overgrowth was

significantly greater than that incor-

porated into cultures obtained from

NG following exposure to 100–500 ng/

ml cyclosporine A (100–300 ng/ml

cyclosporine A, p < 0.05; 400–500 ng/

ml cyclosporine A, p < 0.001) (Fig. 1).

Incorporation of [3H]proline into the

fibroblast cell cultures obtained from

gingival overgrowth was significantly

greater than incorporation by cultures

obtained from NG following exposure

to 200–500 ng/ml cyclosporine A

(p < 0.001). Moreover, the in-

corporation of [3H]proline into cul-

tures exposed to 300–500 ng/ml

cyclosporine A was significantly great-

er than that of the control (p < 0.001)

(Fig. 1).

Exposure of fibroblasts to NIF

In general, the cell cultures obtained

from gingival overgrowth incorporated

significantly more [35S]sulfate than

those obtained from NG, regardless of

the NIF concentration (10)7 M and

10)8 M NIF, p < 0.001; 10)9 M and

10)10 M, p < 0.05) (Fig. 2). Adminis-

tration of 10)7 to 10)9 M NIF resulted

in the incorporation of a significantly

greater concentration of [35S]sulfate by

the cell cultures obtained from NG

(p < 0.05) compared with the control

(Fig. 2). In addition, 10)7 M to 10)10 M

NIF significantly increased the incor-

poration of [35S]sulfate into the cell

cultures compared with the control

(10)7 M and 10)8 M NIF, p < 0.001;

10)9 M and 10)10 M NIF, p < 0.05).

Exposure to 10)7 to 10)9 M NIF pro-

duced no significant differences in the

incorporation of [3H]proline into the

fibroblast cell cultures obtained from

either NG or gingival overgrowth.

However, exposure to 10)10 M NIF

significantly reduced the incorpor-

ation of [3H]proline into the cultures
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Fig. 1. Incorporation of [35S]sulfate or [3H]proline into fibroblast cultures derived from

either normal or overgrowth gingiva exposed to various concentrations of cyclosporine A.

n ¼ 8 for each group. CsA, cyclosporine A; d.p.m., decay per minute; NG, normal gingiva;

OG, overgrowth gingiva.
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obtained from gingival overgrowth

(p < 0.001) (Fig. 2).

Synergism between cyclosporine A
and NIF

When combined, 10)7 M NIF +

400 ng/ml cyclosporine A and 10)10 M

NIF +

400 ng/ml cyclosporine A significantly

increased the incorporation of

[35S]sulfate into fibroblast cell cultures

obtained from gingival overgrowth,

compared with the control, or admin-

istration of 400 ng/ml cyclosporine A

or 10)7 M NIF alone (Fig. 3, Table 1).

In contrast, 10)10 M NIF + 400 ng/ml

cyclosporine A significantly decreased

the incorporation of [35S]sulfate into

those cultures (Fig. 3, Table 1).

Discussion

Our study reports that cyclosporine A,

NIF, and cyclosporine A + NIF sig-

nificantly increase the net [35S]sulfate

accumulation within cell cultures of

fibroblasts obtained from gingival

overgrowth, as compared with those

from NG and controls. There were

numerous differences in matrix syn-

thesis by fibroblasts obtained from

gingival overgrowth and NG when

exposed to NIF and cyclosporine A,

supporting data from other studies

(10). To our knowledge, this is the first

report of synergistic enhancement of

sGAG accumulation within fibroblast

cell cultures obtained from gingival

overgrowth following exposure to cy-

closporine A and NIF, providing

additional information concerning the

biological mechanisms for gingival

overgrowth following exposure to

these agents. The factors for this

enhancement included the type of

drug, drug concentration, and source

of the cells [responder (OG) vs. non-

responder (NG)]. Although all gingival

tissue donors had received similar drug

therapy, not all had sites of gingival

overgrowth, confirming previous re-

ports of drug-sensitive subpopulations

of gingival fibroblasts within gingiva

(9,11).

Our data were derived from assays

of incorporation of commonly used

radioisotopes for the assessment of

collagenous protein and sGAG accu-

mulation within the extracellular mat-

rix. [3H]Proline is incorporated both

into collagenous proteins and into

proteoglycan cores (25,26). [35S]Sulfate

is predominately incorporated into

sGAG (27), but small amounts may

also be incorporated into glycoprotein

(21,28).

There has been considerable con-

troversy concerning the effects of NIF

on gingival fibroblast metabolism. In

addition, there is some controversy

about the effect of NIF on cyclosporine

A-induced gingival overgrowth, with

studies suggesting no difference (18),

enhancement (29), or reduced (30)

accumulation of gingival extracellular
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matrix, compared with NG. Exposure

to NIF has been reported to increase

the rate of collagen synthesis (16) and

the incidence of gingival fibrosis (15)

by fibroblasts obtained from both

gingival overgrowth and NG (31). Our

study confirms those data by reporting

enhanced collagenous protein accu-

mulation within fibroblast cell cultures

obtained from both NG and gingival

overgrowth following exposure to NIF

in vitro. In contrast, previous studies

have reported that NIF exposure pro-

duces either no effect (32), or decreased

accumulation of collagen within the

cell culture matrix (10,33), which is not

supported by our data.

There are conflicting data concern-

ing the concentrations of sGAG within

gingival overgrowth, with some

reporting higher concentrations

(17,19,21,27), and others reporting no

difference (18,20), from NG. Our data

demonstrate a dose-dependent increase

in sGAG accumulation within the fi-

broblast cell cultures obtained from

both NG and gingival overgrowth

following exposure to NIF, which is a

novel observation.

There is also considerable contro-

versy concerning the effects of cy-

closporine A on gingival fibroblast

metabolism. Our data confirm that

exposure to cyclosporine A increased

net collagenous protein deposition into

the cell cultures (34), the effect being

greater with gingival overgrowth than

with NG. We extended previous stud-

ies by reporting that a dose-dependent

in vitro exposure of either NG or gin-

gival overgrowth fibroblasts to cy-

closporine A significantly increased

[35S]sulfate incorporation of the cell

cultures, with the effect being greater in

gingival overgrowth than in NG (18–

21,35).

A small number of human studies

have reported interactions between

NIF and cyclosporine A regarding

deposition of the gingival extracellular

matrix components (23,24). A histo-

morphometric study reported en-

hanced extracellular matrix collagen

density in rats following exposure to

both cyclosporine A and NIF (36). Our

data demonstrate significant synergis-

tic effects of cyclosporine A and NIF

on sGAG accumulation within the fi-

broblast cell cultures obtained from

gingival overgrowth, extending previ-

ous studies and providing a possible

biological mechanism for gingival

overgrowth in patients receiving both

medications. As both collagenous

protein and sGAG deposition into the

cell cultures was enhanced by cyclosp-

orine A + NIF in vitro, the gingiva

might enlarge in responders as a result

of fibrosis and edema, resulting from

the ability of sGAG to bind water in

vivo.

Our data also suggest that fibro-

blasts could have been transformed

within gingival overgrowth in vivo,

possibly as a result of the exposure to

higher levels of pro-inflammatory cy-

tokines in that microenvironment.

Previous studies have reported alter-

ation of the immune response in gin-

gival overgrowth (12). In addition, a

previous study reported that gingival

overgrowth had significantly higher

interleukin-1b concentrations than NG

(31). Both interleukin-1b and TNF-a
have been reported to increase the

accumulation of collagen protein

within the extracellular matrix follow-

ing NIF exposure in vitro, suggesting

that elevated concentrations of pro-

inflammatory cytokines within the

gingiva could be important risk factors

for gingival overgrowth in vivo (37,38).

This phenomenon could result from

enhancement of fibroblast metabolism

by pro-inflammatory cytokines within

their environment. A previous study

reported that periodontal treatments

that reduced gingival inflammation

also reduced the severity of gingival

overgrowth (39,40) by lowering the

concentrations of extracellular sGAG

(27).

Thus, enhanced net sGAG and col-

lagenous protein accumulation within

fibroblast cell cultures obtained from

gingival overgrowth and exposed to

cyclosporine A + NIF in vitro, sug-

gests that this drug combination could

be a significant risk factor for repeated

episodes of gingival overgrowth in or-

gan transplant patients in vivo, which

extends previous results (23,24). In

addition, our in vitro data suggest that

the removal of either cyclosporine A or

NIF from therapy could reduce the net

incorporation of sGAG into the

extracellular matrix in gingival over-

growth (responder) patients in vivo

and, as a result, may reduce the inci-

dence of gingival overgrowth. Addi-

tional human clinical trials are

required to confirm this preliminary

hypothesis.

Table 1. Significant differences between the mean incorporation of [35S]sulfate into fibroblast cultures derived from overgrowth gingiva

exposed to 400 ng/ml cyclosporine A (CsA), 10)7 M or 10)10 M nifedipine (NIF), or combinations of 400 ng/ml cyclosporine A + 10)7 M or

10)10 M NIF (n ¼ 8 for each group)

Treatment

Treatment

0 (Control)

400 ng/ml

CsA 10)7 M NIF 10)10 M NIF

400 ng/ml CsA

+ 10)7 M NIF

400 ng/ml CsA

+ 10)10 M NIF

0 (Control) *** p < 0.001 p < 0.001 p < 0.05 p < 0.001 p < 0.001

400 ng/ml CsA p < 0.001 *** p < 0.001 p < 0.001 p < 0.001 p < 0.001

10)7 M NIF p < 0.001 p < 0.001 *** p < 0.001 p < 0.001 p < 0.001

10)10 M NIF p < 0.05 p < 0.05 p < 0.05 *** p < 0.001 p < 0.001

400 ng/ml CsA

+ 10)7 M NIF p < 0.001 p < 0.001 p < 0.001 p < 0.001 *** p < 0.001

400 ng/ml CsA

+ 10)10 M NIF p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 ***
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