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Abstract

The frequency of phenytoin-induced gingival overgrowth (GO) has increased
since its first report as a side effect years ago. Evidence indicate the alteration of collagen
homeostasis as the main biochemical change but the precise mechanisms are still evaluated.
We investigated the involvement of transforming growth factor - Bl (TGF-B1) mediated
pathways in extracellular matrix (ECM) homeostasis in phenytoin-induced GO compared to
the inflammatory conditions of periodontitis.

Immunohistochemistry disclosed an elevated response for TGF-B1 both in
periodontitis and phenytoin-induced GO, in the second case being associated with an
increased number of myofibroblasts and significant inhibition of collagen breakdown.

Rezumat

Incidenta hipercresterii gingivale aparutd ca efect advers al tratamentului cu
fenitoina a fost in continud crestere de la mentionarea sa ca reactie adversa cu ani in urma.
Numeroase studii indicad alterarea homeostaziei colagenului drept principala modificare
biochimica insd mecanismele exacte sunt inca discutate. Am evaluat implicarea cailor
mediate de catre factorul de crestere tumorala f1 (TGF-B1) in mentinerea homeostaziei
matricei extracelulare in hipercresterea gingivala indusd de fenitoind comparativ cu
modificdrile aparute in inflamatia parodontala.

Studiul imunohistochimic a aratat o supraexprimare a TGF-B1 atat in inflamatia
parodontala cat si in hipercresterea gingivala indusa de fenitoina, in cel de-al doilea caz
fiind asociatd cu o crestere a numarului de miofibroblaste, precum si cu inhibarea
semnificativd a degradarii colagenului.

Keywords: phenytoin, gingival overgrowth, transforming growth factor - p1
(TGF-B1), matrix metalloproteinases (MMP), tissue inhibiyot of metalloproteinases
(TIMP), immunohistochemistry.

Introduction
Besides its involvement as a non-specific change induced by the
inflammatory triggers, gingival overgrowth (GO) could arise most
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commonly as a result of two major conditions:

- the long term ingestion of various medicines such as phenytoin,
antihypertensive calcium channel blockers and immunosuppressants (such
as cyclosporine);

- gingival fibromatosis, generally of an unknown etiology, that
appears to have a strong genetic background.

The prevalence of GO among long term phenytoin and calcium
channel blockers users is still increased [5,16].

Clinically and histologically, GO induced by medicines is virtually
indistinguishable, having in common the enlargement of the gingival tissue
due to the extracellular matrix (ECM) accumulation, although the
pathogenic pathways seem to be strongly different [1, 11].

The drug induced alteration of connective tissue homeostasis is a topic
which has been extensively researched [3,6,8-9,14-15]. The precise
mechanisms involved in collagen accumulation in drug-induced GO are still
investigated but the researches can be conventionally divided into those
investigating collagen synthesis and those investigating collagen
degradation.

One of the most important cytokine controlling collagen storage is the
Transforming Growth Factor-f (TGF-B), mainly TGF-B1 isoform, that is
known to selectively stimulate the production of ECM components and has
been implicated in several fibrotic diseases associated with ECM
accumulation [7,10].

In the same time, TGF-B1 is greatly involved in inflammation, being
one of the cytokines expressed in pro-inflammatory cells [13].

The purpose of this immunohistochemical study was to evaluate the
involvement of TGF-Bl1 mediated pathways (collagen synthesis in
myofibroblasts and collagen breakdown through matrix metalloproteinases-
MMP) on ECM homeostasis in phenytoin-induced GO compared to the
inflammatory conditions of periodontitis.

Materials and methods
Gingival tissue samples

Gingival tissue samples were collected from phenytoin (Dilantin®)
users for more than ten years (n=4) and individuals affected by periodontitis
(n=11), as a control group. All gingival fragments were obtained with the
informed consent of patients. Previously, the experimental protocol was
approved by the Ethical Committee of the University of Medicine and
Pharmacy, Craiova, Romania. None of the donors had received periodontal
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treatment in the last years and all gingival biopsies were obtained prior to a
periodontal therapy.

Histological analysis

Tissue samples were fixed in 4% buffered formalin and processed for
paraffin embedding. Serial sections were colored with modified Masson
trichrome staining and Gomori’s silver impregnation (Bio-Optica, Italy) in
order to evaluate the collagen bundles thickness, distribution and the relative
type I/type III collagen ratio in the lamina propria.

Immunohistochemical analysis

Sections were incubated in order to block the endogenous peroxidase
and the unspecific binding. Then the slides were incubated over night, at
4°C, with the primary antibodies mentioned bellow:

Antibody Dilution | Source

Mouse monoclonal anti-MMP-1 1:100 Santa Cruz Biotechnology
Mouse monoclonal anti-MMP-2 1:100 Santa Cruz Biotechnology
Mouse monoclonal anti-TIMP-1 1:100 Santa Cruz Biotechnology
Mouse monoclonal anti-human TIMP-2 1:100 Santa Cruz Biotechnology
Mouse monoclonal anti-human TGF-B1 1:200 Santa Cruz Biotechnology
Mouse monoclonal anti-human a-SMA 1:50 Dako

where: MMP — matrix metalloproteinases; TIMP — tissue inhibitor

metalloproteinases;, TGF-f1 - Transforming Growth Factor-f1; a-SMA — a-smooth
muscle actim

The next day, sections were washed and processed for amplification
of the immune signal using a polyclonal swine anti-mouse biotinylated IgG
(Dako, USA) and the avidin-biotin complex (Vector Laboratories, USA).
3,3’-Diaminobenzidine tetrahydrochloride (Sigma-Aldrich Co., USA) and
hydrogen peroxide were used for color development and Mayer
hematoxylin (Bio-Optica, Italy) was used for nuclear counterstaining. Slides
were observed and registered with a Nikon Eclipse microscope coupled to a
digital camera. Images were finally processed using the Microsoft Office
Picture Manager.

The evaluation of the immunohistochemical reactions was performed
by two different observers according to the following: immuno-
histochemical reactions (brown deposits in labeled structures) were graded
as absent (negative or diffuse weak signal) or present (moderate or strong
intensity of the signal), involving an evaluation of the mean signal in all
microscopic fields from the whole slide.

For each tested antibody, a negative control was performed in which
the primary antibody was replaced by phosphate buffer saline.
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Results and discussion

The histological analysis of periodontitis (inflammatory) and
phenytoin GO samples revealed both similar and different features:
histological stains showed a general enlargement of the gingival mucosa,
with a thick stratified squamous epithelium showing an alternation between
keratinized with non-keratinized areas. The thickness of the epithelium is
due to an important acanthosis observed in all the cases considered. The
epithelium bended deeply into the underling connective tissue, forming the
so called “rete pegs”. These had also great variations of incidence and
amplitude, being larger and deeper in the phenytoin-induced GO compared
with periodontitis samples (Fig.1 a, b). The underlying connective tissue
exhibited a variable number of fibroblasts, collagen bundles and blood
vessels. In the lamina propria of phenytoin-GO samples we observed the
constant presence of thick collagen bundles which ascended from the deep
chorion into the loose connective tissue so the normal histological
difference between them disappeared. A lot of elongated or pyramidal cells
— fibroblasts were observed through the collagen bundles in phenytoin-
induced GO samples while in periodontal inflammation cell populations
were prevalent inflammatory (lymphocytes and macrophage:

~ w

Figure 1
Morphological features of gingiva in periodontitis (a,c) and phenytoin-induced GO
(b,d); a, b - Masson trichrome staining and c,d - Gomori’s silver impregnation.
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Gomori’s silver impregnation showed an interesting difference
between the composition of collagen bundles: in periodontitis, most of the
collagen areas were colored in yellow proving the presence of type I
collagen while in phenytoin samples the black color indicated an increased
amount of type III collagen (Fig.1 c,d).

The expression of MMP-1 and MMP-2 was different for the
periodontitis and phenytoin-induced GO samples: MMPs presented a
diffuse positive reaction in few epithelial cells in the periodontitis samples
(Fig.2 a, b) while both enzymes were absent in the phenytoin-induced GO
samples (data not shown).

The immune reaction for tissue inhibitor of metalloproteinases-1
(TIMP-1) was positive in few epithelial cells from the periodontitis samples
and negative in the phenytoin group (Fig.3 a, b).

For TIMP-2 immunoreaction the response was quite different.
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Figure 2

MMP-1 (a) and MMP-2 (b) immunohistochemical distribution in periodontitis GO.

Both types of GO showed highly positive for TIMP-2. In the
periodontitis samples, we observed areas of TIMP-2 positive cells in the
epithelium and a lot of TIMP-2 positive proinflammatory cells and few
fibroblasts in the lamina propria (Fig.3c,d).

All the keratinocytes from the epithelial layers showed a constant high
positivity for TIMP-2 in the phenytoin-induced GO samples (Fig.3e); in the
lamina propria, the immune positive reaction was observed in many
fibroblasts and also in endothelial and proinflammatory cells (Fig.3e,f).

For TGF-B1 distribution in the periodontitis samples, we noted a positive
reaction in some keratinocytes from the basal epithelial layer and in the
proinflammatory cells of some infiltrates in the lamina propria (Fig.4 a,b).

The positive reaction for TGF-f1 in the phenytoin-induced GO
samples extended to many structures from the epithelium and lamina
propria: keratinocytes, endothelial and proinflammatory cells (Fig.4 c,d).
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Figure 3
TIMP-1 (a, b) and TIMP-2 (c-f) immunohistochemical distribution in GO:
a, ¢, d — samples of the periodontitis group; b,e,f — samples of the phenytoin-
induced GO group.

In the periodontitis gingiva, the positivity for a-smooth muscle actin
(a-SMA) noted only in the vessels walls (myocytes and pericytes) was
considered as a positive internal control for the reaction (Fig.4e).
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Figure 4
TGF-B1 (a-d) and a-SMA (e,f) immunohistochemical distribution in GO: a, b, e —
samples of the periodontitis group; c, d, f — samples of the phenytoin-induced GO
group.

The positive reaction for a-SMA in phenytoin-GO samples was
observed not only in the vessel wall but also in some fibroblast-like
mesenchymal cells, namely the myofibroblasts.
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We noted that this type of cells had a peculiar distribution such as
cellular foci between the collagen bundles (Fig.4f).

GO is a common condition due to the inflammation of the
periodontium (gingivitis and periodontitis) but also to long term drug
administration. Overgrown gingival tissue is generally characterized by an
increase in connective tissue components (cells and ECM).

As we had presented in our images no peculiar histological aspects
were observed in periodontitis and phenytoin administration, except a
different amount of collagen fibers, greater in the phenytoin-GO samples.

The silver impregnation (a specific staining for fibril-forming
collagen) has shown a different composition between the phenytoin-induced
GO and inflammation, the former being associated with increased amounts
of type III collagen, while the latter was associated with type I.

The collagen turnover is precisely balanced between collagen
synthesis and degradation and, generally, fibrosis is caused by the loss of
homeostasis between these two biological events.

It appears that the medication exerts its influence by modifying
fibroblast phenotype and function, either directly or indirectly through
altering the levels of cytokines or the MMP activity [1]. It has been
hypothesized that phenytoin treated patients have fibroblasts with an
abnormal susceptibility to the drug, characterized by elevated levels of
collagen synthesis [5]. Because not all the patients taking phenytoin develop
GO, such susceptibility could be related to a genetic predisposition, studies
indicating that phenytoin and its major metabolite, 5-(parahydroxyphenyl)-
5-phenyl-hydantoin (pHPPH), could react with a phenotipically distinct
subpopulation of gingival fibroblasts [12].

TGF-B1 is a complex cytokine important not only in the inflammatory
cascade but also in physiological (wound healing) and pathological fibrosis.
It was demonstrated that in chronic periodontitis the increased inflammation
is associated with high levels of TGF-B1 expression by the epithelial spindle
cells [13, 18] fact that is in accordance with our observations.

The main effectors in the synthesis of collagen fibers promoted by
TGF-B are the myofibroblasts, a subpopulation of fibroblast cells. Our
results obtained for cellular a-SMA distribution showed the presence of a-
SMA positive fibroblasts only in phenytoin-induced GO samples. We can
suppose that this incidence is due to the extensive production of TGF-B1 in
more gingival structures in case of phenytoin administration (not only in the
chorionic structures but also in all epithelial layers).

Several studies emphasize that the disruption of collagen metabolism
caused by phenytoin administration is due to the decreased collagen
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degradation. MMPs are important mediators of connective tissue turnover,
inducing tissue destruction in inflammatory pathology, including
periodontitis, via interleukines synthesis by local activated macrophages and
lymphocytes [2,4,9]. Even in oral diseases, the activity of MMP is regulated
by two major classes of proteins:

- growth factors and cytokines, TGF-f1 being one of them,;

- and TIMPs, natural tissue inhibitors of MMP [4,17].

The balance between the production of MMPs and TIMPs represent a
critical point for maintaining the ECM homeostasis [4]. TIMP-1 is more
effective than TIMP-2 in inhibiting MMP-1 and MMP-3 activities.
Experimental evidences suggest that TIMP-2 is 10 times more effective than
TIMP-1 in inhibiting the activity of MMP-2.

Our study indicated a decreased positivity for MMP-1, MMP-2 and
TIMP-1 in periodontitis samples and an intense positivity for TIMP-2, while
in phenytoin-induced GO samples was noted only an intense TIMP-2
positive reaction proving the wide distribution of this protein in all gingival
structures. The absence of MMP-1, MMP-2 and TIMP-1 activities and the
increased presence of TIMP-2 could be one of the factors responsible for the
important accumulation of both type I and type III collagen, the other one
being the intense fibrilogenetic activity of myofibroblasts induced by the
TGF-B1 overexpression.

Conclusions

Histological features of phenytoin-induced GO showed an important
accumulation of type I/type III collagen as a result of an imbalance between
collagen synthesis and degradation promoted by the TGF-B1
overexpression.

In phenytoin-induced GO, TGF-B1 acts by two pathogenic pathways:
the promotion of collagen synthesis by increasing the fibrilogenetic activity
of myofibroblasts and the disruption of the balance between MMP-1 and
MMP-2 and their specific tissue inhibitors.
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