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ABSTRACT

Gingival enlargement in hereditary gingival fibromatosis (HGF) may be a
result of many factors including fibroblast proliferation, fibronectin (FN)
production and c.ollagen synthesis. Previous studies of these factors in
relation to HGF have shown conflicting results, with some studies
reporting normal growth and others reporting slower proliferation than
normal fibroblasts. In term of collagen synthesis, some studies reported
increased synthesis whereas others showed decreased synthesis. In this in
vitro study we further investigated the connection of these factors with
particular syndromes of HGF. Fibroblast strains were derived from
gingiva of two convulsive disorder patients with HGF (HGFH strain and
HGFM strain) and one normal patient (NG strain). The patient with
HGFH had hypertrichosis and that with HGFM had mental retardation.
Fibroblast morphology. was examined using an inverted microscope,
fibroblast proliferation was determined by MTT assay, and FN and
collagen synthesis were measured by ELISA. The results showed that
fibroblasts from HGFH strain were smaller, proliferated significantly
slower (51% decrease, p<0.05) and secreted lower amount of FN (33%
decrease, p<0.05) but produced greater amount collagen (200% increase,
p<0.05) than the age- and sex- matched normal human gingival fibroblast

strain (NG strain). In contrast, fibroblasts from HGI'M strain were larger



and showed a higher rate of proliferation (55% increase, p<0.05), but
lower rate of collagen synthesis (50% decrease, p<0.05). No statistical
difference was detected in the amount of FN secretion from the
fibroblasts of HGFM and NG strains. In conclusion, similar clinical
fibrotic enlargement in HGF may result from different underlying
mechanisms due to their distinct genetic heterogeneity.

The low incidence of HGF (1:750,000) means it is difficult to get a
large enough sample size to infer the results to the population.
Neverthéless, it is important to gather and share as much information as
possible in order to find a preventive protocol to help these patients avoid
the many gingivectomies they currently require. The more studies that are
carried out, the better the understanding of the underlying mechanisms
and the greater the potential for finding the specific curative procedure

for each type of gingival fribromatosis patient.
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(Executive Summary)
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Figure 1. Phase-contrast microscopic features of human gingival fibroblasts
cultured from a normal gingiva patient (NG). Note the typical spindle characteristics

of fibroblasts (x 200).
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HGFH

Figure 2. Phase-contrast microscopic features of human gingival fibroblasts cultured

from a HGFH patient. Note the typical spindle characteristics of fibroblasts (x 200).
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HGFM

Figure 3. Phase-contrast microscopic features of human gingival fibroblasts cultured

from a HGFH patient. Note the typical spindle characteristics of fibroblasts (x 200).
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Number of Fibroblast (Cell)
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Figure 4. Proliferation of human gingival fibroblasts. MTT
colorrimetric assay was performed and absorbance was read
using spectrophotometer at 570 nm. The mean values of
triplicate mcasu@ments in representative experiments are

indicated (* p<0.05).



Fibronectin Synthesis (pg/ml)
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Figure 5. Fibronectin production by human gingival fibroblasts.
Fibronectin released by the cells into culture supernatants was
measured by ELISA. The mean values of triplicate
measufen*nems in re_presentative experiments are indicated (*

p=0.03).



Collagen Synthesis (pig/ml)
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Figure 6. Type | collagen production by human gingival fibroblasts. Type I
collagen digested from human gingival fibroblasts was measured by
ELISA. The mean values of triplicate measurements in
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Abstract

Hereditary gingival fibromatosis (HGF) is a fibrotic enlargement of the
gingiva, usually seen as an isolated finding or occasionally in association with bther
features as part of a syndrome. The combination of gingival enlargement,
hypertrichosis, epilepsy, and mental retardation is also a commonly reported
syndrome that features gingival fibromatosis. Many factors could contribute to the
clinical overgrowth of the gingiva including fibroblast proliferation, fibronectin (FNN)
production and collagen synthesis. In this in vitro study we further investigated the
connection of these factors with particular syndromes of HGF. Fibroblast strains were
derived from gingiva of two convulsive disorder patients with HGF (HGFH strain and
HGFM strain) and one normal patient (NG strain). The patient with HGFH had
hypertrichosis and that with HGFM had mental retardation. Fibroblast morphology
was examined using an inverted microscope, fibroblast proliferation was determined
by MTT assay. and FN and collageﬁ synthesis were measured by ELISA. The results
showed that fibroblasts from HGFH strain were smaller, proliferated significantly
slower (51% decrease, p<0.05) and scereted lower amount of FN (33% decrease, p<
0.05) but produced greater amount collagen (200% increase, p<0.05) than the age-
and sex- matched normal human gingival fibroblast strain (NG strain). In contrast.
[ibroblasts from HGEFM strain were larger and showed a higher rate of proliferation
{55% increase, p<0.05). but lower rate of collagen synthesis (50% decrease, p<0.05).
No clatistical difference was detected in the amount of FN secretion from the
fibroblusts of HGFM and NG strains. In conclusion. similar clinical fibrotic

enlargement in HGF may result from different underlying mechanism due to their

distinet venetic heterogencity.
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Intreduction

Gingival fibromatosis (GF) usually develops as an 1solated disorder, but rarely
as part of a syndrome (1, 2, 3, 4), affecting only one in 750,000 people (5). Those
clinical features commonly associated with syndromic form of GF are hypertrichosis,
epilepsy, and mental retardation (1-3, 6). Hereditary GF (HGF), also known as
idiopathic GF, is usually identified as an autosomal dominant condition; although,
recessive forms are described in literature. (3, 7-10). Recently Hart and co-workers
(11) demonstrated that at least two loci are responsible for autosomal dominant
hereditary GF, one of which already known is 2p 21 — p22 (12).

There are c;)nﬂicting reports of the proliferation of HGF fibroblasts in vitro,
with one study reporting normal growth (13) and another reporting slower
proliferation than normal fibroblasts (14). Histologicaily. fibromatosis is described as
a moderate hyperplasia of the epithelium with hyperkeratosis and elongation of the
rete peg. The increase in tissue mass is primarily the resuit of an increase and
thickening of the collagenous bundles in the connective tissue stroma. The lesions are
relatively acellular and feature an increased amount of randomly arranged bundles of
collagen. (15). Shirasuna et .al. (14) found that HGF fibroblasts synthesis much higher
amount of collagens and glycosaminoglycans than normal fibroblasts in vitro. On the
other hand. Johnson et al. (13) reported that the fibroblasts from their gingival
hyperplasia patient with unidentified syndrome produced less amout of collagen.

While the underlving pathogenic mechanism of gigival {ibromatosis is not
known and  alteration in the collagen metabolism has been demonstrated (13, 14).
little attention has been paid to another vital matrix protein. fibronectin.

Fibronectin is a  multifunctional  extracetlular matrix  glycoprotein  that

participates in cell adhesion (16}, migration (17), phagocytosis (18). and extracellular



matrix formation (19), and is a product of fibroblasts (20). As a result, fibronectin is
thought to play a major role both in fibroblast matrix production and i the ability of
cells to interac with extracellular matrix. The significance of this matrix protein in the -
pathogenesis of HGF has not yet been fully explored. This in vitro study of gingival
fibroblast strains defived from two patients with HGF and one normal fibroblast strain
was undertaken to investigate phenotypic characteristics of those ceils which could

contribute to the clinical gingival overgrowth: proliferation and the production of

collagen and fibronectin.

Material and methods

Fibroblasts

[luman gingival fibroblast strains were derived from the gingiva of 2 patients with
HGF. using standard techniques (21). One strain was derived from a 14-year-old girl
with HIGI and mental retard patient. The other strain was derived from a 9-year-old
boy with HGF and hypertrichosis patient. Control fibroblasts were derived from a
healthy 9-year-old boy. The cells were maintained in Dulbecco’s modified eagle
medium (DMEM) supplement with 10% fetal bovine serum (FBS) and antibiotics
(100 pg/mi penicillin, 100 pg/ml streptomycin, 50 pg/ml gentamycin and 2.5 pug/ml
fungizone). The culture were maintained at 37°C in humidified with atmosphere of

59 ('O, in air. Fibroblasts used in this study were between passage 4 and 7.

Proliferation i
The cell proliferation assay was performed using a method moditied from the original
MTT colorrimetric assay described by Mosmann (22). Fibroblasts were seeded on 24-

well culture plates (NUNC) at 3 x 10" cells/well in 2 ml DMEM medium as described



above. After 3 days, the pictures of all strains of fibroblasts were taken from an
inverted microscope and MTT assay was performed. Briefly, the medium was
removed.and replaced with 300 pl/well DMEM (without phenol red) medium. Fiﬁy T
| of MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide, Sigma) at a
concentration of 5mg/ml in PBS was added to each well. The plates were then
incubated at 37°C in 5% CO, for 4 h. After incubation, the medium was removed and
1 ml of dimethy} sulfoxide (Sigma) was added to each well in oredre to solubilize the

blue formazan. After solubilization, absorbance was read immediately using

spectrophotometer at 570 nm.

Fibronectin production

Fibronectin secreted by the fibroblasts into cuiture supernatants was measured with an
enzyme immunosorbent assay (ELISA). To obtain culture supernatant fluids for this
assay, 3x10" cells/well in 2 ml DMEM medium as described above were seeded in
24-well culture plates. Afier culturing at 37°C in 5% CO; for 6 days, the supernatants
were collected for assay. The amount of fibronectin production was determined with

an ELISA kit (Chemicon, Temecula, CA.} and read with spectrophotometer at 450

.

Type I collagen synthesis

The production of type | collagen was determined with an ELISA. To obtain culure
supernatant fluid for this assay. 3x10* cellsiwell in 2 ml DMEM medium were seeded
in 24-wel! culture plates as described above. After culturing at 37°C in 5% CO; for 6
days. the cell layers were collected for assay. The cells were removed by scraping

wilh a rubber policeman in 0.05 M acetic acid. Collagen was digested overnight with



pepsin (Sigma). The remaining polymeric collagen (intra- and and inter-crosslinkages
within the polymeric collagen molecule) was digested overnight with pancreatic
clastase (Sigma). The amount of type I collagen production was determined with an

ELISA kit (Chondrex Inc, Redmond, WA) and read at 490 nm.

Statistical analysis

The data were expressed as mean + standard deviation and were analyzed using a one-

way analysis of varience (ANOVA).

Results N
Fibroblasts Morphology

Fibroblast cells retrieved from HGF and control had a characteristic fibroblastic
shape, spindle with a central spherical nucleus and typical cytoplasmic prolongations.
However, Fibroblasts from HGF with hypertrichosis strain (figure 1A) were smaller
than those from age- and sex- matched normal human gingival fibroblast strain (figure

1B). In contrast, fibroblasts from HGF with mental retardation were larger than those

(rom control (figure 1C).

Proliferation

Fibroblast proliferation was measured with MTT assay. and the results of these
triplicate experiments are shown in figure 2. Fibroblasts trom HGF with
hypertrichosis strain proliferated 51% slower (p<0.05) than those from age- and sex-
matched norma! human gingival {ibroblast strain whereas those from HGF with

mental retardation proliferated 55% faster (p<0.05) than control.



Fibronectin production

The amount of fibronectin was measured in culture supernatants by ELISA. Figure 3
depicts the results of triplicate measurements in representative experiments.
Fibroblasts from HGF with hypertrichosis strain secreated smaller amount of FN
(33% decrease, p<0.05) than those from age- and sex- matched normal human
gingival fibroblast strain. No statistical difference was detected in the amount of FN

secretion from the fibroblasts of HGFM and NG strains.

Type 1 collagen synthesis

The results of triplicate measurements of collagen type | synthesis are shown in figure
4. Fibroblasts from HGF with hypertrichosis strain produced 50% less collagen (p<
0.05) than those from age- and sex- matched normal human gingival fibroblast strain

whereas those from HGF with mental retardation produced 200% more collagen (p<

0.05) than control.

Discussion

Increase proliferation rates of fibroblasts could contribute to the bulk of HGI
singiva due simply to the synthesie of activity of an incrcased number of cells in the
tissue. Llevated collagen deposition and excessive fibronectin production by HGF
lhroblasts could also directly contribute to the clinical gingival enlargement. This
study has siown that, in vifro, fibioblasts from HGF with hypertrichosis (HGFH)
were smaller. proliferated significant siower and produced smaller amount of FN but
arcater amount of collagen type [ than age- and sex- matched normal human gingival
fibroblast strain. In contrast. fibroblasts from HGF with mental retardation (HGFM)

were larger and showed higher rate of proliferation. but lower level of collagen

34



synthesis. No statistical difference was detected in the amount of FN secretion from
the fibroblasts of HGFM and NG strains.

The results from this study are consistant with previous studies. Fibroblasts
from HGFH  proliferated slower but produced much more collagen than those from
controls. Shirasuna-et al. (14) also found the lower proliferation rate, but higher
collagen synthesis of fibroblasts from their hereditary gingival fibromatosis patients.
On the other hand, fibroblasts from HGFM proliferated faster but synthesis less
collagen than those from control. The higher proliferation rate is similar to the studies
of Coletta et al. (23) and Tipton et al. (24). However, the collagen production from
HGFM are different from the studies of Coletta et al. (23) and Tipton et al. (24). They
reported higher collagen synthesis in fibroblasts from their hereditary gingival
fibromatosis patients.

The finding of this study should be interpreted with some care. A small
incidence and prevalence of HGF resuited in the difficulty of getting enough sample
size to infer the results to the population. Nevertheless, it is important to gather and
share as much information as possible in order to find a preventive protocol to help

these patients avoid the many gingivectomies they currently require. The more

studies from addition patients are carried out, the better understanding of the
underlving mechanism we gain. Consequently the curative procedure to prevent the
overgrowth of gingiva in gingival fribromatosis patients from any etiologic factor can
hopefully be achieved. For example if we know that the underlining mechanism of
gingival overgrowth is due to high proliferation, the intervention to interrupt this
proliferation can be implemented. On the other hand, procedures that cause reduction

of fibroblast function: [ibronectin and collagen synthesis can be introduced to gingival



fibromatosis patients whose underlining mechanism is due to the high activity of these

fibroblast functions.
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Figure Legends
Figure 1. Phase-contrast microscopic features of human gingival fibroblasts cultured

from normal (A), from HGFH (B) and from HGFM (C). Note the typical

spindle characteristics of fibroblasts (x 200).

Figure 2. Proliferation of human gingival fibroblasts. MTT colorrimetric assay was-
performed and absorbance was read using spectrophotometer at 570 nm.
The mean values of triplicate measurements in representative experiments

are indicated (* p<0.05).

Figure 3. Fibronectin production by human gingival fibroblasts. Fibronectin released
by the cells into culture supernatants was measured by ELISA. The mean
values of triplicate measurements in representative experiments are

indicated (* p<0.05).

Figure 4. Type 1 collagen production by human gingival fibroblasts. Type I collagen
digested from human gingival fibroblasts was measured by ELISA. The
mean values of triplicate measurements in representative experiments are

indicated (* p<0.05).
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