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Hereditary gingival fibromatosis [HGF, (MIM 135300)], a rare benign oral condition, has
several adverse consequences such as aesthetic changes, malocclusion, speech
impediments, and abnormal dentition. However, relatively few studies have addressed
the beneficial effects of thick gingival tissues in resisting external stimuli. In this report, we
present a unique case of a family affected by HGF that manifests as a ‘healthy’ gingiva.
Human b-defensins (hBDs) are known to play a pivotal role in the clearance and killing of
various microbes, and contribute to maintaining a healthy oral environment, which is
currently emerging research area. However, the expression pattern and localisation of
hBDs in patients with HGF have not yet been reported. hBD-2 and hBD-3 in the pedigree
we collected had relatively elevated expression. High hBD levels in the gingival tissue of
patients from the family may be beneficial in protecting oral tissue from external stimuli and
promoting periodontal regeneration, but their role and the mechanisms underlying HGF
need to be clarified.

Keywords: non-syndromic hereditary gingival fibromatosis, clinical manifestation, human b-defensins, case report,
oral defense
INTRODUCTION

HGF is a rare benign oral condition that can present as generalised slow thickening and non-
bleeding fibrous enlargement of keratinized gingivae (1). This condition may lead to aesthetic
changes, malocclusion, speech impediments, and abnormal dentition (2). However, to the best of
our knowledge, none of the studies on patients with HGF reported the beneficial protective effects of
thick gingival tissues against external stimuli. Our study describes a unique case of patients in a
family affected by HGF, with relatively elevated serum hBD levels, pink and firmly consistent
gingivae, alveolar bone thickening to various degrees, and a higher regrowth rate of gingival tissues.

The gingival epithelium is constantly exposed to varying microbial environments and physical
and chemical stimuli generated by mastication and ingestion. The function of the epithelium in the
host response has been increasingly recognised to serve to form a rigid mechanical barrier against
periodontopathogenic bacteria. However, it also protects oral tissue by sensing and initiating the
Abbreviations: HGF, Hereditary gingival fibromatosis; NHGF, Non-syndromic Hereditary gingival fibromatosis; hBDs,
human b- defensins; hBD-2, human b-defensin-2; hBD-3, human b-defensin-3.
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innate immune response, including secretion of various pattern
recognition receptors and antimicrobial host defence peptides
(3). Antimicrobial peptides are significant multifunctional
modules in the natural defence system (3). Human b-defensin-
2 and -3 (hBD2 and hBD3) are two representative microbial
peptides that are the members of the defensin family.

Considering the relatively healthy oral condition of these
patients, we speculated that certain genic mutations might
serve beneficial for protecting the host from dental plaque
when a series of toxic factors are produced by bacteria
penetrating their thick epithelial wall, and the generally
thickened gingival tissue associated with this pedigree may be a
desirable consequence of the battle between antimicrobial
peptides and bacterial invasion. Further studies are warranted
to elucidate the unique gingival features. Therefore, the
difference in the expression of hBD-2 and hBD-3 between
HGF and normal gingival epithelium was chosen as the target
of this study to investigate the chemical barrier provided
by hBDs.
Frontiers in Immunology | www.frontiersin.org 2
CASE PRESENTATION

The proband, III-2, female, 34 years old, complained about gingival
hyperplasia affected appearance and eating in the Stomatological
Hospital of Zhengzhou University. His father and son had similar
symptoms. Gingivectomy was performed at the ages of 15, 18, 20,
and 25 because of gingival hyperplasia. All individuals were
classified as affected or unaffected based on clinical features,
family history, and histopathological manifestations, as described
by Hart et al. (Figure 1). NHGF, which affects both sexes, is
inherited through autosomal dominance. The family members
with NHGF manifested a relatively ‘healthy’ gingiva, and their
periodontal biotype was classified as a thick flat type on clinical
examination (2, 4). Patients among the family members generally
had fair oral hygiene, and even those who were first-generation
presented firmly consistent gingivae, which consisted of dense
fibrous connective tissue that felt tough and tuberculous on
palpation. Furthermore, we found that the alveolar bone of these
patients was significantly thickened during the gingivectomy
(Figure 2). The first-generation I-2 aged 91 years showed
relatively fair oral hygiene and had pink enlarged gingiva with
marked and abundant stippling covering almost the entire crown.
II-1, the father of the proband aged 63 years, exhibited significant
hyperplasia of the posterior dental area and had teeth that were
partially or entirely engulfed by fibrotic tissue (Figure 3A).
Marked, abundant stippling was observed in the intraoral image
of the proband (Figure 3B). IV-1, son of the proband, who was 5
years old, exhibited extensive hyperplasia of the entire gingival
margin, papilla, and attached gingiva of both the maxillary and
mandibular dentition (Figure 3C). A strikingly distinctive facial
appearance was also observed in this pedigree, comprising both
hypertrichosis as previously reported and abnormal changes in the
nose and mouth. All affected individuals manifested a coarsened
facial appearance, marked nasal and upper lip protrusion, and an
open bite. They had flat nasal bridges, broad noses, and bow
mouths. Their hair and eyebrows were bushy, whereas their
weights and heights were all within the normal range and did
not manifest any intellectual disability.

The gingival tissue HE staining of the patients in the pedigree
was characterised by hypocellular and hypovascular dense
fibrous connective tissue covered by an integrated stratified
squamous epithelium. In addition, prominent deposition of
collagen fibres underlying the gingival epithelium with
acanthosis and extended long slender rete ridges were observed
FIGURE 1 | Pedigree of Chinese family with NHGF. Affected individuals are
indicated by blackened symbols. Circles and squares denote female and
male members respectively, and a slash through a symbol denotes a
deceased individual. The proband is indicated by the arrow.
FIGURE 2 | (A) 3D image of III-2; (B) Preoperative picture of maxilla from III-2; (C) Preoperative picture of mandible from III-2.
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(Figures 3D, E), which is consistent with the histological
characteristics of gingival fibromatosis.

The immunohistochemistry showed that hBD-2 was mainly
confined to the cytoplasm, whereas hBD-3 was detected in the cell
nuclei and cytoplasm (Figures 4C, I arrows). In addition, hBD-2
staining was intense, brownish-red, in the cytoplasm of tissue
sections from the NHGF group (Figures 4A–C). In contrast,
weak staining was observed in the control group sections, which
were slightly yellow (Figures 4D–F). The hBD-3 staining was
significant, brown, in both the nuclei and cytoplasm of sections
from the NHGF group, whereas those of the control group were
blue (Figures 4G–L). Furthermore, hBD-2 and hBD-3 were
generally expressed in all epithelial layers of the NHGF group
sections but were not detected in the underlying connective tissue
layer. In addition to the corneum, granulosum, and spinosum, basal
cells were clearly stained, and the expression density gradually
increased from the corneum to the basal layer. The strongly
stained areas were distributed in bands or sheets, indicating that
hBD-2 and hBD-3 positively expressed in the basal layer of the
gingival epithelium tissue from the pedigree.

We treated the patients with basic periodontal treatment, full-
mouth alveolar bone repair, and gingivoplasty. The wound was
irradiated by laser healing mode for 15 min after the operation, and
periodontal maintenance treatment lasted throughout the treatment
cycle. The gingival tissue condition of the patients was greatly
improved, the dentition was neat, the occlusion was stable, the
shape was beautiful, and the patients’ self-confidence was
greatly improved.
Frontiers in Immunology | www.frontiersin.org 3
DISCUSSION

HGF usually presents as an isolated incidence of gingival hyperplasia
oroccasionallyappears as anoralmanifestationof certain syndromes.
This article describes the unique clinical characteristics of NHGF,
which is a rare benign oral condition characterised by a progressive
increase in keratinized gingiva showing an autosomal dominant
inheritance or, infrequently, an autosomal recessive inheritance (5).
Presently, the clinical diagnosis of NHGF is still based on
histopathological examination. Although highly recurrent
characteristic hyperplastic gingiva can cause severe functional and
aesthetic problems, the gingival tissue from the pedigree we collected
might show better resistance to detrimental external stimuli.
Recently, a series of innate host defence molecules, such as
antimicrobial host defence peptides in the human gingiva, have
emerged as a research focus, and have proven their indispensable
roles in maintaining periodontal health. Antimicrobial host defence
peptides contribute to establish a state of ‘controlled’ immuno-
inflammatory surveillance by depolarizing and disrupting
microbial cell membrane integrity (6). Because of their
polymorphous nature and paramount significance in the natural
host defence, these molecules have been termed ‘host defence
peptides’. The first antimicrobial peptides identified in the oral
epithelial tissue were hBDs, which show prominent specific activity
against various microbes, and have recently attracted considerable
attention (3).Thesepeptides stimulate local dendritic cells and recruit
T-cells into thenearbygingival epitheliumto link innate andacquired
immunological responses (7, 8).
FIGURE 3 | Extra-oral images, intra-oral images and HE staining of gingival tissue of patients with NHGF. (A) II-1, 63 years old; (B) III-2, 35 years old; (C) IV-1, 5 years
old; (D) HE staining of gingival tissue III-2(40×); (E) HE staining of gingival tissue III-2(200×).
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The current research focus has shifted from antimicrobial
capabilities to effects on the immunoregulation of congenital and
acquired immune responses (9). For example, defensins interactwith
numerous inflammatory factors, regulate epithelial cell proliferation,
participate in periodontal regeneration, promote wound healing,
induce or curb pro-inflammatory cytokines, facilitate or inhibit
angiogenesis, enhance chemokine production, promote chemotaxis
of diverse leukocytes, mediate degranulation of mast cells, and
regulate the host cell gene expression (10–13). More specifically,
hBD-2 activates the antigen presentation activity of dendritic cells
Frontiers in Immunology | www.frontiersin.org 4
and stimulates the production of interferon (IFN)-g, tumour necrosis
factor (TNF)-a, interleukin (IL)-1b, IL-6, and IL-22 production.
Furthermore, it serves as a surveillance factor by inhibiting IL-17
production via suppression of cytokine signalling 3 (SOCS3) (3). In
addition to being a chemotactic factor for macrophages, monocytes,
and mast cells, hBD-3 is a chemokine for immature dendritic cells
and CD45 RA+/CD4+ T lymphocytes, which reside in the oral
mucosa and play essential roles in immunity. With the exception of
periodontal tissue inflammation and injury, pro-inflammatory
cytokines such as IL-1b, TNF-a, IL-6, and IL-17 can modulate
FIGURE 4 | Representative images showing expression of hBD-2 and hBD-3 in gingival tissue samples from the family (original magnification ×100, ×200, ×400).
(A–F): Gingival samples were stained with rabbit polyclonal IgG antibody to hBD-2 (1:300) using standard IHC protocol; Circled areas in (A) was amplified in (B) and
(C); (D) was amplified in (E) and (F); (A–C) were derived from patient with NHGF; (D–F) were derived from a healthy control gingival biopsy; (C) hBD-2 was detected
in the cytoplasm; Arrows indicate positive staining. (G–L): Gingival samples were stained with rabbit polyclonal IgG antibody to hBD-3 (1:400) using standard IHC
protocol; Circled areas in (G) was amplified in (H, I); (J) was amplified in (K, L); (G–I) were derived from patient with NHGF; (J–L) were derived from a healthy control
gingival biopsy; (I) hBD-3 was detected in the nuclei and cytoplasm. Arrows indicate positive staining.
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systemic diseases (14–16). hBD-3 effectively inhibits TNF-a and IL-
6 accumulation to induce potential anti-inflammatory properties,
leading to inflammation resolution (10, 17). With increasing
available information about the beneficial effects of hBDs in
humans, it is important to study the functions of these defensins
inperiodontal immunoregulationandfibrous tissue regeneration in
more detail. hBD-3 can be used to improve root surface
biocompatibility and promote periodontal ligament fibroblast
attachment and proliferation (11). Coincidentally, we observed
that the regrowth rate of the gingival tissues from patients with
NHGF pedigree was higher than that of normal gingiva after
gingivectomy, which is consistent with the results of previous
investigations. Moreover, hBD-3 can interact with the host
defence and inflammation mechanisms in tissue reconstruction
in articular cartilage. Specifically, it participates in remodelling
articular cartilage tissue by increasing the secretion of cartilage-
degrading matrix metalloproteinases and reducing the production
of endogenous regulatory factors, such as tissue inhibiting factors of
metalloproteinases 1 and 2 (18). hBDs may facilitate tissue
regeneration, which is important for the recovery from gingival
recession or periodontal surgery, further investigations should aim
to determine the beneficial effects of hBD-associated NHGF.
Provided that it proves to be beneficial to the physiological
development of periodontal tissue, we will continue to monitor
this family to explore the potential key role ofNHGF in periodontal
immunoregulation and fibrous tissue regeneration.

Previous research on the biochemical pathogenesis of NHGF
was primarily focused on connective tissue cells of patients with
NHGF, while ignoring the pathological features of the epithelium
and the interaction between gingival epithelia and underlying
fibroblasts (19–21). hBD-2 and hBD-3 were mainly distributed
in the basal layer of the pedigree investigated in our study
(Figures 4A, B, G, H arrows). The basal layer is an interfacial
surface with the lower lamina propria, which contains blood
vessels and contributes to the formation of the gingival
epithelium by providing nutrients and potentially impacts the
recognition of signals from the body. Although junctional
epithelium frequently causes inflammation, in contrast to the
basal layer, hBDs have not been detected (22). The cells of the
junctional epithelium are comparatively undifferentiated, which
indicates that the expression of hBDs in the oral stratified
squamous epithelium depends on the normal differentiation of
epithelial cells (23). Specific interactions between the gingival
epithelium and the underlying lamina propria may drive the
development of HGF.

In the HGF family we studied, the expression of hBDs in
gingival epithelium was statistically higher, and their oral health
status was relatively healthy, suggesting that hBDs may be
beneficial in regulating host responses to oral pathogen
challenges to maintain homeostasis of the oral environment.
We could not determine the relationship between elevated
expression of hBDs and gingival thickening at present because
of the insufficient number of samples. We speculate that hBD-2
and hBD-3 could be potential facilitators of communication
between the gingival epithelium and underlying lamina propria
without compromising the host.
Frontiers in Immunology | www.frontiersin.org 5
PATIENT’S PERSPECTIVE

These patients did not have any intellectual disability or other
systemic diseases, presenting only a clinically NHGF phenotype.
They plan to continue gingival cosmetic repair to achieve
greater confidence.
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