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ABSTRACT

Background: Gingival overgrowth is one of the side-effects seen as a result of the regular
administration of the calcium channel blocker anti-hypertensive drug Nifedipine. Fibronectin (FN),
is an adhesive high molecular weight extra cellular matrix glycoprotein which plays an important
role in influencing cell growth, adhesion, migration as well as extracellular matrix organization.
It also contributes to fibroblast attachment and proliferation, and participates in the regulation of
tissue fibrosis. Erbium: YAG laser was approved in 1997 by the U.S. Food and Drug Administration
for hard and soft tissue treatment in dentistry. Several studies have been published to demonstrate its
efficacy for bone cutting, plaque and subgingival calculus removal, as well as having an antiseptic
effect on both soft and hard periodontal tissues. Conventional scaling in combination with Erbium:
YAG laser has unexpectedly showed complete healing with normalization of the gingiva, making
further surgical treatment for gingival volume reduction unecessary.

Objectives: The aim of this study was to investigate the expression of fibronectin and its
connection with the development of drug-induced gingival overgrowth. It also explores the effect
of Erbium: YAG laser on the amount of fibronectin expression.

Materials and methods: Paraffin embedded biopsies were obtained from 3 groups of patients:
10 normal patients (group C), 10 patients who underwent conventional scaling with surgical
correction of gingival enlargement caused by the regular administration of nifedipine (group
A), and 10 patients undergoing scaling and surgical removal of the overgrown gingiva due to
the regular administration of nifedipine followed by Erbium:YAG laser treatment (group B). All
Specimens were stained with Hematoxyin and Eosin to allow analyses of tissue morphology as well
as immunostaining to detect fibronectin. Staining intensity in all groups was calculated by semi
quantitative analysis. The results were subjected to statistical analysis.

Results: Fibronectin stained less intensely nifedipine induced gingival hyperplasia after one
single laser application when compared to gingival over growth without laser therapy.

Conclusion: Erbium: YAG laser could be considered an effective option for the nonsurgical
treatment of drug-induced gingival overgrowth which surpassing surgical procedures. It also
promoted fast healing and ensured a higher surgical compliance when compared to the conventional
techniques.

KEY WORDS: Gingival enlargement, Fibronectin, Immunohistochemestry, Nifedipine and by
Erbium:YAG laser.
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INTRODUCTION

The use of the calcium channel blocker and anti-
hypertensive drug Nifedipine over a long period has
been shown to have negative effects on periodontal
tissues, as they might promote gingival hyperplasia,
which in the later phase causes destruction of deeper
periodontal tissues. The inevitable consequence
of periodontal destruction, is tooth migration and
ultimately its loss @.

Gingival hyperplasia as a result of nifedipine use
is usually generalized, and the front teeth interdental
papilla are mostly affected. Occasionally, gingival
overgrowth might be so florid that the whole tooth
becomes covered with the tissue causing difficulty
in mastication. ¥

Fibroblasts are responsible for connective tissue
formation, homeostasis, and repair, and ultimately

for the overall architecture of many organs ©

FN is a 500-kDa multidomain, multifunctional
cell adhesion glycoprotein identified as a major
survival factor for fibroblasts ©:7-8

In fibroblasts, fibronectin (FN) and growth
factor (GF) signals converge at the level of the focal
contact @ and are costimulatory ‘' for progression
through the cell cycle V. In addition FN and PDGF-
BB survival signals for fibroblasts require FN-
growth factor binding domains 2.

FN, derived from wound fibroblasts and other
local tissue cells, appears in concert with re-
epithelialization and granulation tissue formation,
fibroblast
migration through three-dimensional extracellular

survival ¢ proliferation @, and
matrix (ECM) ¥, These activities require fibroblast
attachment to FN at the Arg—Gly—Asp (RGD)

sequence in the tenth FN type III repeat 12,

In the past, surgical remodeling of the
overgrowing gingiva was the treatment of choice for

these lesions. These procedures were attended with
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excessive intraoperative bleeding, slow healing, and

a low patient compliance. ¢239

The introduction of laser-assisted surgery to
general dentistry, represented a major landmark
in the surgical management of GO and also in
the postsurgical maintenance of good periodontal
status in such patients. ¢*3%, This is mainly due to
their excellent performance in excising exuberant
oral tissue, their hemostatic action as well as their
superior healing ability.

Recent published studies confirm the therapeutic
effects of laser therapy as an adjunct to conventional
scaling and root planning in the treatment of
aggressive periodontitis ©¢®; Moreover, it has
facilitated the management of periodontal conditions
requiring bone and gingival remodeling, such as
surgical crown lengthening,*” supplementary bone,
radicular cementum, and soft tissue debridement as
in the case of lateral periodontal cysts®®. In such
instances, Diode laser treatment achieved much
quicker wound healing.

The noninvasive treatment protocol using
Erbium: YAG laser treatmen thas also been shown
to be more effective not only for GO treatment, but
also for periodontal maintenance in patients with
drug induced GO.®?

In this study expression of fibronectin and its
association with development of drug induced
gingival overgrowth was investigated. We also
evaluated the effect of Erbium:YAG laser only on
the fibronectin expression in the treatment of such
condition without the need of surgical excision of
the exceeding gingiva.

MATERIAL AND METHODS

This study was conducted at the outpatient’s
clinics of Oral Medicine Department, Faculty of
Oral and Dental Medicine, Badr University in Cairo
(BUC), Egypt, during the period from (February
2018 to May 2020).
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Patients were subdivided into 2 groups. Patients
in group A underwent full mouth disinfection with
chlorhexidine 2% rinses and antibiotic prophylaxis
(amoxicillin and clavulanic acid, 1g twice a day)
during the week before conventional scaling, Group
B underwent conventional scaling with Erbium:
YAG treatment [key laser 3; kavo-Biberach-
Germany, wavelength 2940 nm, standard scalpel
long tip for contact use with irrigation, 160 J at 10
H (1,6 W), 60 sec for tooth] of the pseudo gingival
pockets. In group B the treatment was performed
by using the laser tip in contact with the internal
aspect of the exceeding gingival tissue and with the
gingival sulcus at the deepest point of the pseudo
pockets. Patients who underwent surgical gingival
excision were followed up after 3 weeks.

Biopsy specimens were collected from 10
patients receiving regular nifedipine and treated by
conventional scaling only (group A).

Biopsy specimens were collected from 10
patients on nifedipine and treated by conventional
scaling with Erbium:YAG treatment (group B).

Biopsies were taken from the gingivae of 10
patients not treated with nifedipine therapy during
surgical removal of impacted wisdom tooth (group
O).

Written consent was obtained from all patients.
Biopsy specimens were embedded in paraffin and
cut into 4p and placed on positively charged slides,
deparaffinized in xylene and rehydrated in graded
alcohol. Slides then were preheated to 37 degree
Celsius using water bath containing 200 ml of TBS
and 200 ml of distilled water.

Sections were immersed in a 37 C water bath
containing 0.2g trypsin 250 and 0.2g calcium
chloride dissolved in 200 ml of TBS repeatedly
between each step of the immunohistochemistry
(IHC) procedure for washing and adjusting Ph.

Slides were immersed in 3% hydrogen peroxide
for quenching endogenous peroxidase activity for
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10 min. Broad spectrum LAB-SA detection system
from Invitrogen (Cat# 85-9043) was used to visualize
any antigen-antibody reaction that may occur in the
tissues, the background staining was blocked by
putting 2-3 drops of 10% goat nonimmune serum
blocker on each slide and incubating them in a

humidity chamber for 10 min.

Excess serum solution was drained fromeach slide
and 2-3 drops of the primary antibody fibronectin
(Visionbiosystems Novocastra cat# NCL-FIB) were
added, The slides were subsequently incubated
in the humidity chamber for 1 hr. Biotinylated
secondary antibody was applied to each slide for 20
min followed by another 20 min incubation with the
enzyme conjugate. DAB chromogen was prepared
and 2-3 drops were applied on each slide for 2 min,
Then DAB was rinsed and mayer hematoxylin was

applied as a counter stain.

Slides were washed and immersed in tap water
for 5 min. to enhance counterstaining. They were
later dehydrated and cleared to be finally mounted
with DPX.

Immunostained specimens were independently
evaluated on two separate occasions 48 hours apart
by two different pathologists. Calibration was
accepted if evaluation for each case were similar

To evaluate the staining for each antibody,
the following semiquantitative scale was used:
complete lack of staining were scored zero, mild
positive identification scored 1, moderate staining

scored 2, and strong staining scored 3.

Statistical Analysis

Statistical analysis was performed using SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA). For
statistical evaluations, the groups were evaluated
using the paired sample t-test and P values <0.05
were considered statistically significant
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RESULTS

The hematoxalin and eosin findings showed
marked epithelial hyperplasia, longer retepegs
as well as marked fibrosis of the sub epithelial
connective tissue in group A.

Fibronectin in group (A) showed marked
increase in staining within fibrous connective tissue,

at the basement membrane of the keratinocytes and
within the epithelial cells and the reaction ranged
from moderate to deep staining.
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Fibronectin staining of specimens from group

(B) showed moderate to light staining.

Fibronectin staining of the majority of specimens
from group (C) showed negative to light staining

and only 2 specimens showed moderate staining.

The semi quantitative analysis results of
fibronectin immunostaining for the three groups are

summarized in Table (1)

Fig. (1) (a) H&E x100 in a speciamen taken from group B showing slight epithelial hyperplasia with delicate fibrous connective
tissue stroma, while there is increased epithelial hyperplasia and connective tissue fibrosis in spiciamens from group A

figure (b) H&E x100

Fig.. (2) (a) Fn x200 showing moderate fibronectin staining at the basement membrane (arrows) group B while in another specimen
figure (b) Fnx200there was negative reaction to fibronectin group C.
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Fig. (3) (a) Fn x200 showing deep staining with fibronectin within fibrous connective tissue (arrows), (b) and (c¢) Fn x200 arrows
pointing at the deep staining within two different cases in group A

Fig. (4) A, B Fn x200 showing marked deep immunostaining with fibronectin especially at the basement membrane area (arrows)
however areas within deep fibrous connective tissue showed deep staining (star) group A

Fig. (5) A.Fn x200 showing generalized marked deep intraepithelial immunoreactions to fibronectin while B. Fn x400 showed deep
reaction to basal and suprabasal epithelial layers however some cases showed marked epithelial reaction to Fn in the upper

spinous layer figure C. Fn x 400 for cases in group A
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TABLE (1) expressing the numeric value of
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TABLE (2) Showing mean, standard deviation and

fibronectin  immunostaining to  the standard error means of the three groups
different cases in the three groups Std. Std. Error
Mean N ..
Deviation Mean
Group A Group B Group C GroupA | 22000 | 10 78881 24944
| 3 0 GroupB | 1.7000 | 10 75341 24532
Group C .9000 10 73786 23333
2 2 1
3 2 1 TABLE (3) Showing correlation between groups
3 | ) A&C
2 1 2 N Correlation Sig.
1 1 1 Group A & Group C 10 229 524
2 2 0 Paired Samples Test
3 2 1 ] )
TABLE (4) Showing correlation between groups
3 2 0 B&C
2 1 1
N Correlation Sig.
TABLES (2, 3, 4, and 5) show the statistical | GroupB&GroupC | 10 128 315
calculations for the values of the three groups Paired Samples Test
TABLE (5) Showing paired samples test significance
Paired Differences
%95 Confidence Interval of o Sig.
t
M Std. | Std. Error the Difference (-2tailed)
can
Deviation Mean
Lower Upper
Group A — Group B 1.30000 94868 .30000 62135 1.97865 4333 9 0.002%*

*Significant >0.05
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DISCUSSION

The pathogenesis of drug-induced gingival
overgrowth is multifactorial. Genetic predisposition,
pharmacokinetic variables and the presence of
dental plaque may all contribute to the changes seen
in the gingival tissue 19,

The gingival overgrowth caused by nifedipine
administration highlighted its significant role in
interdental papilla enlargement. These findings
were consistent with the results derived from the
experiments on Sprague-Dawley animals, in which
gingival growth was dependant on concentration of
nifedipine “°.

Gingival growth could be a consequence of the
increased number of fibroblasts in the tissue, induced
by nifedipine 7. These findings are in agreement
with Walsh et, al. 2007 9 who confirmed the
effect of drug-induced increase in the fibroblastic
population in gingival overgrowth, This observation
confirms that collagen decomposition is important
for physiological remodeling of connective tissue.
Nifedipine participation in collagen production may
increase the imbalance of collagen degradation as
shown by by Romanos et al. ¥,

The significant gingival overgrowth in specimens
from patients receiving the drug are consistent with
the findings of (Myrales et al 1999) !, Their studies
demonstrated that different fibroblast subtypes exist
in healthy and hyperplastic gingiva, which react
to different stimuli including drugs. Investigations
of (Morton et al 1999) @”, showed that nifedipine
in combination with dental plaque bacteria,
increased interleukin-6 secretion in the presence of
interleukin-1 beta. Interleukin-6 is a cytokine with
more than one effect. It has positive effect on the
activation and differentiation of B cells into plasma
cells which secrete immunoglobulins. Interleukin-6
is a differentiating factor for cytotoxic T cells, and a
growth factor for B and T cells, and for mesenchymal
cells. It has also been shown that interleukin-6 has
stimulates growth and metabolism of connective
tissue cells like fibroblasts. We therefore believe
that it has pathologic role in diseases where
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transformations occur on fibroblasts('?.

Gingival fibroblasts secrete considerable amount
of interleukin-6 with or without stimulation, so they
might be one of the primary interleukin-6 sources
that received nifedipine V. It is also possible
that nifedipine stimulatory effect is not directly
manifested only on the fibroblasts of gingiva, but
also causes a complex interaction with dental plaque
and inflammatory cytokines. In the presence of
nifedipine, fibroblasts will increase the secretion of
interleukin-6, resulting in its proliferation and their
increased activity, as well as increasing extracellular
matrix formation @?.

The histological changes in drug-induced gin-
gival overgrowth tissue include acanthosis, evident
as elongated rete ridges, hyperkeratosis and an in-
crease in epithelial width. These features were also
confirmed in the present study **-24.

Epithelial cells are a source of multiple growth
factors and cytokines, and have recently been
demonstrated to participate actively in connective
tissue regulation.

Several previous studies have concentrated
on the alterations in gingival connective tissue
homeostasis in drug induced overgrowth. Nifedipine
appears to have a direct effect on fibroblasts, which
may contribute to the pathogenesis of overgrowth,
including inhibition of matrix metalliproteinase-1,
tissue inhibition of metalloproteinase production,
inhibition of collagen phagocytosis, and increased
production of transforming growth factor-b and
connective tissue growth factor 329,

The present study demonstrated that FN was ex-
pressed with greater frequency and possibly in an
altered distribution (suprabasal expression) in the
gingival overgrowth of the drug group when com-
pared with the control group. One possible explana-
tion for the up-regulation of certain integrins may
be related to the altered expression of cytokines
as a result of the influence of the medication, or
because of the direct influence of the medication
on the epithelium as demonstrate by Walsh et al
(2006) >
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Although it is known that

growth factors (GFs) can be costimulatory for

integrins and

fibroblasts 19 it has not been previously reported
that fibroblast survival requires a coordinate inter-
action of FN and PDGF-BB, or other GFs. In this
regard, it is worth remembering that mesenchymal
cell survival requires coordinate interaction of FN
with integrins and PDGF-BB with PDGF receptors
in their proximity This is not dissimilar to the con-
cept of T-cell multidimensional signaling network
stimulation through the immunological synapse and
costimulatory pairs in the same nanospace *”

The FN expression in the basal cell layer
was greater in the combined drug group when
compared with the other drug-induced overgrowth
groups and the control group. This is expressed
by wound keratinocytes, but not by normal resting
keratinocytes ¥, and the expression of FN in
the basal keratinocytes is consistent with the
observations of Walsh et al (2006) U5 who found
that FN was expressed in basal keratinocytes in the
gingiva of cases having nifedipine medication.

This pattern of staining was also found around
the keratinocytes from intralesional areas of
psoriasis. In the non-lesion psoriatic epidermis,
it was initially believed that plasma fibronectin
leaks into the epidermis from the circulation, .
Subsequent studies have shown, however, that
cellular FN, synthesized in situ by the proliferating
keratinocytes, was present at the dermal-epidermal
junction in uninvolved psoriasis specimens, but was
not present in the control samples %30,

The explanation of why FN is expressed in
the basal keratinocytes in drug group remains
controversial. However, FN secretion may be due to
direct influence of the drug on the keratinocytes 19,

Unexpected reduction of the gingival overgrowth
was detectable after a nonsurgical Erbium: YAG
laser periodontal treatment of the pseudo-gingival
pockets. The conventional surgical treatment using
the GO blade has always been a true dilemma
for oral surgeons in the past since it is usually

Rasha Wagih and Marwa Mohamed Tawfig

characterized by massive intraoperative bleeding,
difficult postoperative course for patients, and often
recurrence after a short period of time.

The introduction of different laser wavelengths
(e.g., erbium: yttrium—aluminum—garnet laser,
neodymium: yttrium— aluminum-garnet laser,
carbon dioxide laser, and the semiconductor diode
laser) for such surgical treatments of soft oral tissues
resulted in several advantages for both clinicians
and patients. The major benefit of these new lasers
has resulted in reduced bleeding or totally avoided
during surgery, healing is faster as promoted by
laser light photo-biomodulation of the tissues, thus
resulting in a high compliance both of adult patients
and children.“o-4D

More specifically, the Erbium: YAG laser
used for periodontal treatments in the presence of
gingival pockets, being more selective for water,
is able to remove simultaneously calculus from
radicular cementum and inflamed soft tissue within
the pocket, and to remodel the gingival margins
when necessary, promoting decontamination and
photo bio modulation of all irradiated surfaces. “*+

The described case where the unexpected
healing of the gingiva occured illustrates a real
innovation in the treatment of drug-induced GO.
This being the first reported case of CsA related GO
treated by Erbium: YAG laser for the nonsurgical
periodontal decontamination of the pseudo-gingival
pockets obviating the need for excision of gingival
overgrowth 4349

It is now generally acknowledged that, among
laser users and scientific societies, Erbium: YAG
laser is considered the more appropriate laser
modality for the non-surgical periodontal treatments,
as this treatment is easy to perform, noninvasive,
and well accepted by the patients. “?

In fact, more specifically, Erbium: YAG laser
is able to contour and cut the alveolar bone with
minimal damage and has high antiseptic effects due
to reduction of lipopolysaccharides both in soft and
hard tissues. (3,4) Moreover, Erbium: YAG laser
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also induces tissue photo bio modulation, which
leads to faster healing as a result of cell proliferation
and improved microcirculation. “?

CONCLUSIONS

Data from the present study confirm that there
is a direct correlation between FN expression and
nifedipine induced gingival hyperplasia They also
suggest that fibronectin plays an important role in
the biological process of gingival hyperplasia.

A great part of the scientific community of laser
users agreed that Erbium: YAG laser, owing to its
intrinsic physical properties, is an excellent tool
for periodontal treatments. Based on the results
obtained from the present study, we suggest that
Erbium: YAG laser may be successfully employed
for drug-induced GO to decrease the integrin
expression in the soft tissue thus reducing the need
for surgical intervention in GO treatment owing to
the simplicity of this technique and the increased
compliance of the patient. It is anticipated that
wider adoption of such non-invasive and effective
treatment protocol will establish Erbium: YAG
laser as an effective treatment for GO, as well as
for periodontal maintenance in such patients and
for recurrence of GO. Further reports and clinical
studies are still needed.

SUMMARY

This report focuses the attention on a new
procedure for the management of drug-induced
GO that remains a frequent complication of
several drug therapies (immunosuppressive agents,
anti-epileptics, and calcium channel blockers),
exacerbated by plaque and calculus accumulation.
Erbium: YAG laser treatment associated with the
conventional calculus scaling could be considered a
new modality for the nonsurgical treatment of drug-
induced GO, promoting a good patient compliance,
rendering surgical procedures for gingival excision/
reduction no longer necessary.
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