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ABSTRACT 

Gingival overgrowth, a potential side effect of medications i.e. nifedipine, cyclosporine, 

is also a characteristic feature of hereditary gingival fibromatosis (HGF). Autosomal 

dominant, non-syndromic HGF, the most common variant, has been localized to 

chromosomes 2p21-p22 (HGF1) (Hart et al, 1998; Hart et al, 2000; Hart et al, 2002; 

Xiao et al, 2000), 5ql3-q22 (HGF2) (Xiao et al, 2001) and 2p22.3-p23.3 (HGF3) (Ye et 

al, 2005), suggesting genetic heterogeneity. Interestingly, one of these mutations results 

in constitutive activation of the signaling molecule SOS-1, which is a key regulator of 

cell function and gene expression. Clinical observations suggest that HGF starts at the 

interdental papilla area from where it expands to other areas of gingiva by a process that 

may resemble gingival wound healing. Since the molecular changes in HGF are largely 

unknown, we compared the expression of cell surface (av(36 integrin), intracellular 

(SOS-1 and CK19) and extracellular matrix molecules (procollagen, FN-EDA, FN-EDB, 

tenascin-C, decorin, biglycan, fibromodulin, lumican) and growth factors (TGF-(3 and 

CTGF) involved in wound healing, in healthy and HGF marginal gingiva by 

immunohistochemical staining. We also analyzed the localization of these molecules in 

healthy interdental papilla. Results showed that the molecular phenotype of healthy 

marginal gingiva differs from that of healthy interdental papilla. Therefore, we compared 

the expression of target molecules in the same tissue locations (marginal gingiva) in 

healthy and HGF subjects. Expression of CK19 and avP6 integrin was induced by 

epithelial cells in HGF samples, but they were not in healthy marginal gingiva. 

Furthermore, epithelial cells in HGF showed increased expression of biglycan, 

fibromodulin, lumican, TGF-p\2,3, CTGF and SOS-1 compared to healthy tissue. 
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Expression of biglycan, lumican, procollagen, FN-EDB and tenascin-C were also 

upregulated in the extracellular matrix in HGF. Compared to healthy tissues, cell 

associated staining for biglycan, fibromodulin, lumican, procollagen, FN-EDB, TGF-

P 1,2,3, CTGF and SOS-1 was increased in HGF. The latter three molecules showed also 

spatiotemporally increased expression in gingival experimental wounds. The repertoire 

of molecules that are expressed in HGF in marginal gingiva is different from healthy 

marginal gingiva, but shows similarities to gingival wounds and healthy interdental 

papilla. 
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1 INTRODUCTION 

Gingival fibromatosis, otherwise known as gingival hyperplasia or gingival overgrowth, 

may occur as a result of systemic medications, systemic diseases or genetics. 

Medications such as cyclosporin A , phenytoin and nifedipine (Hassell and Hefti, 1991) 

are the most common cause of gingival overgrowth. Cyclosporin A is used for the 

treatment of organ transplants and autoimmune diseases, phenytoin for seizure disorders, 

and nifedipine for angina and hypertension. The prevalence of gingival overgrowth 

ranges from 8-70% with cyclosporine A (Seymour and Heasman, 1988), 10-50% with 

phenytoin (Kataoka et al, 2005; Nishikawa et al, 1996) and 6.4%-44% with nifedipine 

(Ellis et al, 1999; Nery et al, 1995). Genetic polymorphisms may be the reason for 

differential responses to such medications. Both genetic and phenotypic polymorphisms 

have been identified in xenobiotic metabolizing enzymes, which predispose some patients 

to the effects of certain medications (Daly et al, 1993). Gingival overgrowth can also be 

a manifestation of neurofibromatosis I, leukemic infiltrates, Hodgkin's lymphoma, 

Sweet-like syndrome or Schinzel-Giedion syndrome (Doufexi et al, 2005). When the 

overgrowth has a genetic origin, the disorder is referred to as hereditary gingival 

fibromatosis (HGF), a term that is synonymous with idiopathic gingival overgrowth or 

hereditary gingival overgrowth. The prevalence of HGF is 1 in 750,000 people (Fletcher, 

1966). Although genetic factors appear to play a significant role in many types of 

gingival fibromatosis, the underlying genes responsible for these disorders are unknown. 

HGF can occur as an isolated disease or as part of a syndrome. Both autosomal dominant 

and recessive forms of this disorder have been previously described; however, its 

incidence and severity depend on the penetrance of the mutated gene. The autosomal 
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dominant form may be localized to chromosome 2p21-p22 (HGF1) (Hart et al, 1998), 

chromosome 5ql3-q22 (HGF2) (Xiao et al, 2001) or chromosome 2p22.3-p23.3 (HGF3) 

(Ye et al, 2005). A mutation in the Son of Sevenless 1 (SOS-1) gene may be the 

underlying etiology for HGF1. 

Clinically, gingival overgrowth in HGF coincides with the eruption of the permanent or 

deciduous dentition. Its evolution is similar to that of drug induced gingival overgrowth, 

where early changes involve enlargement of the interdental papilla; the marginal and 

attached gingiva may also become involved with disease progression (Seymour et al, 

1996). To our knowledge, there have been no clinical studies that delineated the precise 

anatomic origin for gingival overgrowth in HGF. Histologically, HGF resembles drug 

induced gingival overgrowth. The epithelium is comprised of elongated rete pegs and 

collagen production by fibroblasts is upregulated in the connective tissue. However, the 

precise mechanism underlying the disease is unknown. 
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2 Review of the Literature 

2.1 C l i n i c a l presentation and prevalence of H G F 

HGF is a rare condition, with a prevalence of 1 in 750,000 people (Fletcher, 1966). 

Males and females are affected equally (Kelekis-Cholakis et al, 2002). Its characteristic 

features include gingival enlargement that in severe cases may cover the crowns of teeth. 

Unlike medication induced gingival overgrowth, that which occurs in HGF is not 

influenced by the presence of plaque. HGF can occur as an isolated disorder or as a 

component of a syndrome (Gorlin, 1990). According to Hart (Hart et al, 1998), the most 

common syndromic forms occur with hypertrichosis (Horning et al, 1985), epilepsy 

(Ramon et al, 1967) and mental retardation (Araiche and Brode, 1959). Other 

syndromes associated with gingival fibromatosis include sensorineural healing loss, 

juvenile hyaline fibromatosis; Rutherford syndrome (corneal dystrophy); Zimmerman-

Laband syndrome (ear, nose, bone and nail defects); Cross syndrome (microphthalmia, 

mental retardation, athetosis and hypopigmentation); Ramon syndrome (cherubism, 

hypertrichosis, mental and somatic retardation and epilepsy); and growth hormone 

deficiency (Gorlin, 1990; Hart et al, 1998; Lynch, 1994). HGF has also been associated 

with hearing loss and supernumerary teeth (Wynne et al, 1995), histopathologic 

premalignancy characterized with epithelial dysplasia (Redman et al, 1985) and 

generalized aggressive periodontitis (Casavecchia et al, 2004). It is not known whether 

the coexistence of HGF and generalized aggressive periodontitis represents a new 

syndromic form of the disease. Although non-syndromic forms of HGF can be 

associated with a mutation in the SOS-1 gene (Hart et al, 2002), mutation in other genes 

may also be an underlying etiology (Xiao et al, 2001) (Table 1). 
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Hereditary gingival fibromatosis is characterized by a slowly progressive, benign, 

localized or generalized enlargement of maxillary and/or mandibular keratinized gingiva. 

Enlarged gingiva is non-hemorrhagic and consists of dense and resilient fibrous tissue 

that feels firm and nodular on palpation; exaggerated stippling may be present (Kelekis-

Cholakis et al., 2002). Although the alveolar bone is usually unaffected, gingival excess 

results in pseudopocketing and a compromised periodontal situation due to difficulties in 

performing daily oral hygiene. The gingival tissues may be normal in color or 

erythematous if they are inflamed. 

Gingival enlargement is classified on the basis of the degree of overgrowth (Bokenkamp 

et al., 1994): grade 0 (no signs of gingival enlargement); grade I (enlargement of the 

interdental papilla only); grade II (enlargement of the papilla and marginal gingiva); 

grade III (enlargement covering three quarters or more of the crown). Localized forms of 

gingival overgrowth are more nodular and generally affect the maxillary tuberosities and 

the labial gingiva around the mandibular molars (Kelekis-Cholakis et al., 2002). 

However, the symmetric generalized form of the disorder that affects both the labial, 

lingual and palatal gingiva, is the most common form (Baptista, 2002). 

The onset of gingival hyperplasia usually coincides with the eruption of the permanent 

incisors (approximately age 10), or at times, with the eruption of the primary dentition. It 

can also be present at birth; however, this occurs very rarely (Anderson et al., 1969). 

Since gingival overgrowth has not been reported in edentulous HGF patients or in 

newborns since the initial report by Anderson (Anderson et al, 1969), it is likely that the 

presence of dentition may be necessary for overgrowth to develop. To date, there are no 
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studies that describe the precise anatomic origin e.g. interdental papilla versus marginal 

gingiva, of the overgrowth. Gingival overgrowth may cover teeth to various degrees, 

resulting in functional and esthetic concerns. Excess fibrous tissue often creates 

diastemas, may impede or delay tooth eruption (Shafer, 1983a) and may create changes 

in ones facial appearance as a result of lip protrusion. Severe hyperplasia can result in 

crowding of the tongue, speech impediments, difficulty with mastication and even 

prevent normal closure o f lips (Lynch, 1994). 

2.2 Histological characteristics of HGF 

The precise cellular mechanisms in H G F are currently unknown; however, reports claim 

a difference exists between the epithelium and connective tissues of healthy patients 

versus those with H G F . Histologically, H G F is characterized by moderate hyperplasia of 

a dense, hyperkeratotic epithelium with elongated rete pegs (Doufexi et al, 2005; Lindhe, 

2003). The mean height of rete pegs are greater in H G F than in health; however, the 

number of rete pegs and their mean area are comparable between health and disease 

(Araujo et al, 2003). In this immunohistological study of non-inflamed healthy and H G F 

gingival biopsies, epidermal growth factor (EGF) and its receptor (EGFr) were expressed 

with a higher frequency on immunostaining at the tips of epithelial rete pegs in H G F than 

healthy samples. In addition, epithelial cell proliferation, as measured by proliferating 

cell nuclear antigen ( P C N A ) immunostaining, was positively correlated with E G F or 

E G F r localization in the tips of rete pegs in H G F tissues (Araujo et al, 2003). The 

authors hypothesized that over-expression of E G F or E G F r at the tips of rete pegs in H G F 

may have a stimulatory effect on epithelial cell proliferation, resulting in deep rete pegs 

that extend into the underlying stroma. However, the fact that E G F and E G F r expression 
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is higher in health than HGF when all epithelial layers are taken into account, yet their 

localization is not associated with epithelial cell proliferation remains a mystery. 

Epithelial hyperplasia has also been reported as a consequence of acanthosis (Farrer-

Brown et al, 1972; Raeste et al, 1978); however, this was only found in areas of chronic 

inflammation in HGF. 

Connective tissues in HGF are abundant in collagen, but have relatively few fibroblasts 

and scarce blood vessels (Baptista, 2002; Doufexi et al, 2005; Hart et al, 2000). 

However, neurovascular bundles were well represented in a 13-year-old girl with HGF 

(Kelekis-Cholakis et al, 2002). The high ratio of collagen bundles to fibroblasts seen in 

HGF resemble those seen in keloids (Coletta et al, 1999; McCulloch and Knowles, 1993; 

Ramon et al, 1967; Tipton et al, 1997). Enlarged fibroblasts may alternate with finer 

collagen fibrils, resulting in collagen bundles speckled with small, dark fusiform nuclei of 

fibroblastic cells with scanty cytoplasm (Kelekis-Cholakis et al, 2002). Dense collagen 

bundles may alternate with finer collagen fibrils (Kelekis-Cholakis et al, 2002). The 

orientation of collagen bundles may be parallel to one another, reaching the subepithelial 

connective tissue (Casavecchia et al, 2004), as well as in multiple directions (Kelekis-

Cholakis et al, 2002). Although a rare finding, small osseous calcifications may also be 

present in the connective tissue (Gunhan et al, 1995). Local accumulation of 

inflammatory cells can be found in cases where pseudopocketing resulted in plaque 

accumulation and consequently inflammation (Shafer, 1983a). 

Gingiva in both HGF and DIGO can be characterized as fibroepithelial in nature. They 

share the common characteristics of elongated rete pegs, parakeratinized epithelium and 
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connective tissues laden with increased extracellular matrix (Wright, 2001). As a result 

of the inconsistencies in the literature about the cellular and molecular mechanisms of 

HGF, histomorphometric analysis can only be used as an adjunct in the diagnosis of this 

condition. Although histology can at times differentiate this condition from other 

genetically determined gingival enlargements, in general, histological features are non

specific and a definitive diagnosis is based on history and clinical examination. 

2.3 Genetic characteristics of H G F 

Large cohorts with HGF have been extensively studied in an effort to determine the 

genetic basis of the disease. HGF can occur as an isolated disorder (Bozzo et al, 1994) 

or it may be part of a syndrome (Wynne et al, 1995). The mode of inheritance for HGF 

is thought to be autosomal dominant; however, autosomal recessive patterns have also 

been described (Singer et al, 1993). At least three distinct loci appear to be responsible 

for the autosomal dominant variant, highlighting the genetic heterogeneity of this 

disorder (Table 1). A locus has been mapped to a region on chromosome 2 (Hart et al, 

1998; Xiao et al, 2000); however, at least two genetically distinct loci appear to be 

responsible for this type of HGF. These were found to be 2p21 (Fryns, 1996; Hart et al, 

1998) and 2pl3 (Shashi et al, 1999). While HGF1 or GINGF1 has been localized to 

chromosome 2p21-p22, an area that codes for a guanine nucleotide-exchange factor 

(SOS-1) (Hart et al, 1998; Hart et al, 2002), a second gene, HGF2 or GLNGF2, has been 

identified on chromosome 5ql3-q22 (Xiao et al, 2001). Recently, a novel locus for 

autosomal dominant HGF, called HGF3 or GINGF3, was mapped to chromosome 

2p22.3-p23.3; however, the SOS-1 gene was genetically excluded outside this critical 

area (Ye et al, 2005). 
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In a study conducted by Hart (Hart et al, 1998), a three-generation Brazilian family 

segregating for H G F was used to demonstrate an underlying genetic basis for the 

disorder. Twelve of the 32 identified family members were affected with H G F . Hearing 

loss, epilepsy, hypertrichosis, mental retardation or other syndromes were not associated 

with any o f the cases. Gingival fibromatosis was observed in all generations, included 

male-to-male transmission and affected both genders equally. H G F was found to 

segregate as a highly penetrant autosomal dominant trait in this family. Using a genome-

wide search strategy, H G F phenotype was genetically linked to polymorphic markers in 

the 37-cM genetic region of chromosome 2p21-p22 bounded by the loci D2S1788 and 

D2S441. On the basis of the prior study (Hart et al, 1998), and those conducted by 

Fryns (1996) and Xiao (2000), it is thought that a common gene locus on chromosome 2p 

is at least partially involved in H G F . In his studies of an individual with H G F and mental 

retardation, Fryns found a partial duplication of chromosome 2pl3-p21, a region that 

contains the H G F candidate region identified by Hart (1998). On the other hand, Xiao 

(2000) studied four Chinese families with H G F with an autosomal dominant pattern o f 

inheritance. Affected family members were not exposed to medications with a known 

association to gingival overgrowth, nor did they display signs of deafness, hypertrichosis 

or distinctive faces. B y employing genomic D N A analysis, a dominant H G F locus was 

mapped to a region defined by D2S352 and D2S2163. This locus, which was at an 8.7-

c M region on 2p21, overlapped the H G F 1 locus region reported by Hart (Hart et al, 

1998), suggesting a common H G F gene between the present Chinese and the Brazilian 

families. However, in contrast to the Brazilian family where recombination suppression 

was found between D2S1788 and D2S441 (Hart et al, 1998), the present study did not 

support this finding. 
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To determine the generality of the gene locus for HGF that has been previously localized 

to chromosome 2p21-p22 (Hart et al, 1998), Hart (2000) examined 34 members (15 

males, 19 females) of another Brazilian family with autosomal dominant HGF, of whom 

17 were affected (7 males, 10 females). To determine the genetic heterogeneity for HGF, 

linkage was tested with 9 DNA-markers. Although in the previous study (Hart et al, 

1998) evidence favored linkage of HGF with polymorphic markers, the current family 

showed evidence against such linkage (Hart et al, 2000). This heterogeneity was found 

to be statistically significant. Therefore, at least two genetically distinct loci can be 

implicated in the development of autosomal-dominant HGF. 

In a subsequent study, Hart (2002) attempted to identify the gene for HGF1 by 

correlating clinical examinations with blood analysis in 80 members of a 

multigenerational Brazilian family (n=92). Thirty-eight individuals were diagnosed with 

isolated, non-syndromic HGF, while 40 were unaffected. A fraction of this cohort 

comprised the original study group (Hart et al, 1998) in which HGF1 was linked to 

chromosome 2p21. In the present study, HGF1 was refined to a candidate interval of 

approximately 2.3 Mb on chromosome 2p21-p22. Upon sequencing the 16 genes found 

in this region, a mutation in the Son of sevenless-1 (SOS-1) gene was identified in 

affected family members. It is believed that an insertion mutation, namely the 

interposition of a cytosine between nucleotides 126,142 and 126,143 in codon 1083 of 

the SOS-1 gene, causes HGF1. This insertion mutation produces a frameshift and thus 

an early stop codon, affecting the subsequent 22 amino acids. Early termination 

eliminates the proline-rich region containing the docking site for the SH3 domain of 

adaptor proteins Grb2 and E3bl and the five M A P kinase phosphorylation sites that 
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under normal circumstances are found in the carboxyl-terminal region of SOS-1 (Figure 

1). The mutated protein is composed of the original wild-type SOS-1 for the N-terminal 

amino acids that is fused to the new, shortened carboxyl terminus. Although a mutation 

in SOS-1 may cause HGF1, this disorder has also been linked to a region on chromosome 

2 that does not involve the SOS-1 gene. Through the use of clinical examinations, 

genotyping and linkage analysis of a five generation Chinese family with autosomal 

dominant, non-syndromic HGF, Ye (Ye et al., 2005) found a novel locus for HGF, called 

HGF3 (GINGF3) that was mapped to chromosome 2p22.3-p23.3. However, the SOS-1 

gene was genetically excluded outside the critical interval (Ye et al., 2005). 

HGF has also been linked to a different chromosome, as was the case in a four-generation 

Chinese family (n=20) with isolated autosomal dominant variant of the disorder (Xiao et 

al., 2001). Apart from gingival manifestations that surfaced one year after birth (n=10), 

participants were otherwise mentally and systemically healthy and were not exposed to 

medications associated with gingival overgrowth. Twenty family members were 

genotyped, and linkage and haplotype analyses were conducted thereafter. Compared to 

participants from the author's previous study (Xiao et al., 2000), the present cohort did 

not show linkage with 2p21, indicating that yet another gene may be involved in HGF. 

Using genomic analyses, a new locus, HGF2 (GINGF2), was localized to chromosome 

5ql3-q22 defined by D5S1491 and D5S1453. Because this newly defined region for 

HGF2 (5ql3-q22) contains calcium/calmodulin dependent protein kinase IV (CAMK4) it 

can be hypothesized that this gene is also important in the pathogenesis of drug induced 

gingival overgrowth. HGF, as well as nifedipine and cyclosporin induced gingival 

overgrowth, are phenotypically similar. According to Kasahara (1999), cyclosporin A 
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can increase the phosphorylation and the activity of this kinase. C A M K 4 may be 

another important signaling molecule that links H G F to drug induced gingival 

overgrowth. 

Linkage to both H G F 1 and H G F 2 loci have been examined, but excluded in an Italian 

family (7 affected; 6 unaffected) with three-generations of H G F (Research Letter, 2002). 

Gingival hyperplasia was ubiquitous, synophris (confluent eyebrows) was more prevalent 

in males and hypertrichosis was present in only 2 males. Certain characteristics may 

have variable expression in autosomal dominant conditions. For example, hypertrichosis 

was less marked amongst females in the present study. Since synophris and 

hypertrichosis were absent in unaffected members, H G F with hypertrichosis was a likely 

diagnosis. Since hypertrichosis was not evident in HGF-1 and H G F - 2 linked families 

studied by Xiao (Xiao et al, 2000) and Hart (Hart et al, 2002), isolated gingival 

hyperplasia and H G F associated with hypertrichosis may be genetically distinct entities. 

Exclusion of linkage to HGF1 and H G F 2 in this family implies that the H G F is more 

genetically heterogeneous than previously believed. 
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Table 1. Genetic basis of hereditary gingival fibromatosis. 

Type Mode of 
Inheritance 

Genetics Locus Mutation Reference 

Isolated A D 2p21-p22 HGF1 SOS-1 (Hart etal, 1998; 

Hart et al, 2000; 

Hart etal, 2002; 

Shashi etal, 1999; 

Xiao et al, 2000) 

Isolated A D 2p22.3-p23.3 HGF3 Unidentified (Ye etal, 2005) 

Isolated A D 5ql3-q22 HGF2 Unidentified (Xiao et al, 2001) 

Syndromic A R 8 - - (Ramon et al., 

1967) 

Syndromic 2pl3-p21 Partial 

duplication 

(Fryns, 1996; 

Shashi et al, 

1999) 

Syndromic A R (Goldblatt and 

Singer, 1992; 

Singer etal, 1993) 

Isolated A D - - (Bozzo et al., 

1994) 

Syndromic A R - Unidentified (Singer et al, 

1993) 

Syndromic 7q - Interstitial 

deletion 

(Morey and 

Higgins, 1990) 

Syndromic De novo 14q22-q32 - Duplication (Rivera et al., 

1992) 

Syndromic X L A D / A R Xq24-q27.1 (Macias-Flores et 

al, 1984) 

A D = autosomal dominant 

A R = autosomal recessive 

X L = X-linked 
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2.4 Son-of-Sevenless One Gene Mutation and H G F 

Son of sevenless (SOS-1) protein is a bifunctional guanine nucleotide exchange factor 

(GEF) for Ras and Rac, that in humans has functional domains including SH3-binding 

sites and mitogen-activated protein ( M A P ) kinase phosphorylation sites (Hart et al, 

2002) (Figure 1). SOS-1 is involved in growth factor signaling via Ras and cytoskeletal 

organization via Rac. Whether this protein w i l l function as a Ras or Rac exchange factor 

is dictated by its C O O H terminal region that contains SH3 domains (Nimnual and Bar-

Sagi, 2002). SOS-Grb2 complexes have an exchange activity only toward Ras, while 

SOS-E3bl-Eps8 complexes are specific for Rac (Innocenti et al, 2002). In resting cells, 

the former are much more abundant than the latter (Innocenti et al, 2002). The 

preferential binding of SOS with Grb2 may be attributed to a more stable complex or to 

the fact that Grb2 molecules may be more readily available. 

SOS mediates coupling of receptor tyrosine kinase to Ras activation (Corbalan-Garcia et 

al, 1996), which is then involved in signal transduction. Signal transduction commences 

when a ligand binds to a cell-surface tyrosine kinase receptor resulting in phosphorylation 

of the receptor's cytoplasmic domain. Phosphorylation results in recruitment of adapter 

proteins, Grb2 and She, which in turn bind SOS-1 to the membrane receptor (Trackman 

and Kantarci, 2004). SOS activates Ras indirectly by facilitating the exchange of G T P 

for G D P on Ras (Shapiro, 2002). When bound to G D P Ras is inactive; however, binding 

to G T P leads to its activation and hence stimulation of downstream phosphatidylinositol-

3 kinase, M A P kinase family and i?/io-proteins. These molecules control transcription 

factors and co-activators that regulate gene expression for proliferation and 

differentiation in different cell types (Shapiro, 2002). 
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Rac plays a central role in cytoskeletal organization e.g. actin remodeling. Rac activation 

corresponds with over expression of the D H (homology to Dbl) domain of SOS 

(Nimnual et al, 1998), as well as a complex formed between SOS-E3bl-Eps8 (Scita et 

al, 1999), both of which result in an increased rate of guanine nucleotide exchange. 

However, Eps8 is believed to be directly responsible for the SOS-dependent activation of 

Rac (Nimnual and Bar-Sagi, 2002). As a result of the direct interaction found between 

Eps8 and F-actin in vivo and in vitro (Nimnual and Bar-Sagi, 2002), it is thought that 

localization of SOS-E3bl-Eps8 to areas of active actin remodeling may localize Rac 

activation to areas of actin cytoskeleton network (Nimnual and Bar-Sagi, 2002). Hence, 

cells have two major signaling pathways, Rac and Ras, which are both regulated by SOS-

1 and can function together. 

Genetic linkage studies in humans localized a gene for HGF1 to a genetic interval 

containing the SOS-1 gene locus (Hart et al, 2002). These individuals have a single-

cytosine insertion in exon 21 of the SOS-1 gene, leading to a frame shift mutation and an 

early termination of the protein. This mutation results in -20% of the SOS-1 gene being 

deleted, including domains that are responsible for maintaining the protein in a down-

regulated state; thus, the shortened protein is thought to have enhanced activity (Hart et 

al, 2002) (Figure 1). This frameshift in the SOS-1 protein is the first report of a genetic 

mutation for non-syndromic HGF. Evidence to support the conclusion that a mutation in 

SOS-1 is responsible for HGF1 includes: cosegregation between this nucleotide change 

and the HGF phenotype in the family studied, but not in 208 control chromosomes from 

healthy patients (Hart et al, 2002); SOS-1 is expressed in gingiva (Hart et al, 2002), the 

tissues that are affected by the disorder; wild-type SOS-1 is maintained in a down-
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regulated state (Hart et al, 2002). Because the truncation of SOS-1 protein is a germline 

mutation, all cells in an affected person contain the mutation (Trackman and Kantarci, 

2004). However, to date it is unknown why this mutation manifests solely in the gingiva 

in the form of overgrowth. 

Mutation or truncation of the SOS-1 protein has been demonstrated to result in a gain of 

function in not only humans, but also in Drosophila melanogaster (McCollam et al, 

1995) and mice (Sibilia et al, 2000). SOS-1 knockout mouse constructs have provided a 

more thorough understanding of the role of this gene. Homozygous null (SOS-1"7") 

mouse embryos die mid-gestation (Qian et al, 2000; Wang et al, 1997) as a result of 

cardiovascular defects (Wang et al, 1997) or secondarily to placental malformation 

(Qian et al, 2000). SOS-1"7" embryos had inadequate labyrinth development, which 

prevented the transition from a yolk sac to placental dependent nutrition, ultimately 

leading to mid-term lethality (Qian et al, 2000). Differences in the cause of fatality may 

be attributed to various exons used for SOS-1 disruption, environmental differences or 

variability in backgrounds of strains used. To further characterize signaling and growth 

properties of SOS"7" fetuses, Qian also infected cell lines (-/-, -/+, +/+) with retroviruses 

expressing protein tyrosine kinases (v-Sre or EGFr). Only the -/- cell line was resistant to 

activation by these tryrosine kinases, implying that SOS-1 is necessary to carry out this 

function (Qian et al, 2000). 

Fibroblasts of SOS-1"7" embryos have reduced M A P K activation in response to EGF; 

however, a heterozygous mutation in SOS-1 (SOS-l" / +) dominantly enhances the 

phenotype of a weak allele of the EGFr allele (Wang et al, 1997). EGFr is required for 
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skin development and is implicated in epithelial tumor formation (Sibilia et al, 2000). A 

transgenic mouse construct of a similar SOS-1 mutation, as is found in HGF1, or 

carboxyl terminal deletion called SOS-F, when expressed in the epithelium under the 

control of cytokeratin-5 promoter, induces skin-tumor development, multiple papillomas 

and hypertrophic skin (Sibilia et al, 2000). Tumor formation is however inhibited in a 

null EGFr background (Wang et al, 1997). The fact that HGF can be caused by 

mutations in an oncogene SOS-1 demonstrates that genes involved in the Ras gene signal 

pathway or have an effect in cell growth control or cell cycle are attractive candidates to 

cause HGF (Ye et al, 2005). 
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Figure 1. Structure of wi ld type and mutant SOS-1 present in HGF1 (A) and its function 
in activation of Ras and Rac pathways (B). 

17 



2.5 Pathogenesis of H G F 

The precise pathogenic mechanism underlying H G F has not been clearly delineated. It 

may be variable as a result of genetic heterogeneity. In cases where a SOS-1 gene 

mutation is thought to play a role in disease initiation, the mutation itself may have a 

unique effect on the cellular biology of connective tissues. 

2.5.1 Phenotypically different fibroblast subpopulations 

Fibroblasts are the most common cell in connective tissue. They produce collagen, 

elastin, matrix metalloproteinases ( M M P ; collagenase, gelatinase, stromelysin, 

matrilysin), glycoproteins and proteoglycans (Birkedal-Hansen, 1988). Phenotypically 

and functionally distinct fibroblast subpopulations may coexist within and between 

individuals (Hakkinen and Larjava, 1992; Hassell, 1993). Studies have found that when 

counted manually under magnification, fibroblast density is less within connective tissues 

of H G F than D I G O ; however, the importance of this finding is questionable as both 

active and latent fibroblasts were measured (Wright, 2001). Predominance of certain 

"active" fibroblast subpopulations may explain the susceptibility of certain individuals to 

gingival overgrowth. The correlation between onset of H G F and tooth eruption implies 

that selection or activation of fibroblasts as a result of trauma or inflammatory cells may 

initiate gingival overgrowth (Shirasuna et al, 1988). Although inflammation may be 

transient, in vitro studies have suggested that fibroblasts from fibrotic tissues could 

remain activated even in the absence of continuous stimulation (Duncan and Berman, 

1987; Hassell et al, 1976; Tipton et al, 2004). Therefore, it is possible that gingival 

fibroblasts in H G F could remain active long after tooth eruption, contributing to excess 
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E C M production. This process is similar to wound healing, although in HGF this process 

would be continuously turned on. 

2.5.2 Proliferation of gingival fibroblasts 

Gingival fibroblasts in HGF proliferate at higher rates (Coletta et al, 1998; Tipton et al, 

1997) and produce greater amounts of TGF-P i and TGF-P2 than normal human gingival 

fibroblasts (Tipton and Dabbous, 1998; Wright, 2001). These results are contrary to 

another study that found slower fibroblast proliferation rates in non-syndromic gingival 

fibromatosis than in healthy controls (Shirasuna et al, 1988). Such variability may be 

attributed to differences in culturing technique, genetic heterogeneity, examining 

fibroblasts from different sources of biopsy materials or various cell behaviors in the 

different types of fibrosis. 

Autocrine stimulation by TGF-P is linked to excess collagen production in HGF, but it 

does not affect fibroblast proliferation rates; hence, autocrine stimulation by other growth 

factors or greater basal collagen production may also be involved (Tipton and Dabbous, 

1998) . This is in contrast to another study that using BrdU labeling, P C N A indexes and 

cytometric analysis demonstrated that neutralizing antibodies to TGF-P 1 abolish the 

mitogenic effect of TGF-Pi induced HGF fibroblast proliferation (de Andrade et al, 

2001). Reduction in TGF-Pi was positively correlated with the percentage of cells in Gi 

phase of the cell cycle, signifying that TGF-Pi may mediate G]/S transition of HGF 

fibroblasts and, therefore, account for the growth stimulation of cells in HGF (de 

Andrade et al, 2001). Differences in reported function and proliferation of HGF 
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fibroblasts may be a result of genetic heterogeneity of H G F , inter-individual differences 

or phenotypic differences among fibroblasts. 

2.5.3 C-myc 

C-myc, a nuclear proto-oncogene, is important in cell proliferation and differentiation 

(Freytag, 1988). Increased expression of c-myc has been associated with deregulated cell 

growth in neoplastic cells and it is also an important element in responding to growth 

factors and gene transcription (Trojanowska et al, 1988). C-myc is expressed by 

proliferating cells throughout the cell cycle, confirming its role in initiation and 

maintenance of cell proliferation (Tipton et al, 2004). 

Immunohistochemical examination revealed c-myc and bcl-2 expression in basal and 

suprabasal cell layers of nifedipine and phenytoin induced hyperplastic gingival epithelia, 

but not in healthy tissues (Saito et al, 2000). Synergistic over-expression of 

oncoproteins may be related to the pathogenesis of nifedipine and phenytoin D I G O (Saito 

et al, 2000). Studies have also examined the relationship between H G F fibroblast 

proliferation, as measured by assessing B r d U incorporation into cellular D N A via 

E L I S A , and c-myc expression using quantitative P C R (Tipton et al, 2004). C-myc 

m R N A levels were higher in quiescent H G F fibroblasts than control fibroblasts, 

indicating that some cells were proliferating in H G F . Gene amplification or 

chromosomal translocation may be possible mechanisms by which c-myc expression is 

stimulated in H G F fibroblasts (Tipton et al, 2004). Elevated c-myc expression in H G F 

may be responsible for increased fibroblast proliferation rates and predominance of 

activated fibroblast phenotypes (Tipton et al, 2004). 
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2.5.4 Extracellular matrix molecules 

Accumulation of excess E C M molecules can be a result of increased production or 

conversely decreased breakdown. There is less support favoring the latter process, as 

gingival connective tissues in HGF have dense collagen fibers and there is a 2.2-fold 

increase in collagen synthesis by HGF fibroblasts compared to controls (Shirasuna et al, 

1988). Type I collagen and fibronectin production as measured by ELISA, was also 

found to be statistically greater in HGF than sex/race-matched healthy controls (Tipton et 

al, 1997); however, due to the small sample size, limited fibroblast strains and in vitro 

design, caution is warranted when interpreting results of this study. Increased collagen 

synthesis has also been demonstrated in DIGO and scleroderma (Duncan and Berman, 

1987; Hassell et al, 1976). TGF-P can increase E C M synthesis by stimulating 

fibroblasts or conversely, it can inhibit its breakdown by inhibiting matrix 

metalloproteinase-1 (MMP-1) and increasing expression of tissue inhibitors of matrix 

metalloproteinases (TIMP) (Edwards et al, 1987). Fibroblasts can activate autocrine 

pathways in response to tissue injury, which then leads to a proliferative response. 

Treating normal human fibroblasts with neutralizing antibodies to TGF-p isoforms does 

not have a significant effect on fibronectin and collagen production (Tipton and Dabbous, 

1998); hence, E C M production by control fibroblasts is not under significant autocrine 

control. However, blocking TGF-p isoforms with anti-TGF-P antibodies in HGF 

reduces fibronectin production to control values, suggesting that in HGF autocrine 

stimulation by TGF-P contributes to increased E C M production (Tipton and Dabbous, 

1998). A l l three TGF-p isoforms are necessary for maximal fibronectin production 

(Tipton and Dabbous, 1998). Fibronectin, a fibroblast chemoattractant, promotes 
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fibroblast attachment to E C M components (Tipton et al, 2004). Hence, an increase in 

fibronectin may promote gingival overgrowth by contributing to the bulk of tissue or via 

its effects on fibroblasts (Tipton et al, 1997). 

In vitro, cells in HGF have a higher rate of proliferation and produce more type I collagen 

and heat shock protein (Hsp) 47, its molecular chaperone, than control tissues (Martelli-

Junior et al, 2003). Heat shock proteins are highly conserved stress proteins. They 

facilitate protein folding and hence prevent aggregation and targeting of poorly folded 

proteins to degradative pathways. For example, binding of Hsp47 to type I procollagen 

prevents its premature folding, aggregation and degradation (Jain et al, 1994; Satoh et 

al, 1996). Using RT-PCR, ELISA, Western blot and enzymographies, HGF fibroblasts 

were found to have elevated TGF-P i and IL-6 production, which enhanced levels of type 

I collagen and Hsp47 mRNA and protein levels, and decreased MMP-1 and MMP-2 

(Martelli-Junior et al, 2003). The authors hypothesized that co-regulators of collagen 

and Hsp47 may be necessary in HGF gingival overgrowth because Hsp47 may be 

involved in processing type I procollagen, resulting in collagen accumulation. However, 

this study did not assess TIMP levels, which are also crucial in the balance between 

collagen degradation and production. Although studies have examined production of 

type I collagen, fibronectin and Hsp, information is lacking about other E C M molecules. 

2.5.5 Transforming Growth Factor-P and its receptors 

The transforming growth factor beta (TGF-P) family is a group of cytokines with an 

important role in wound healing, tissue regeneration and stimulating fibroblast 

proliferation and production of E C M molecules (Tipton and Dabbous, 1998). There are 
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five isoforms of TGF-p, designated TGF-Pi through TGF-p 5 ; however, only TGF-Pi, 

TGF- P2 and TGF-P3 are expressed in mammals (Govinden and Bhoola, 2003). The 

effects of these cytokines are mediated through three different classes of TGF-P cell 

surface receptors (1,11, III) (Massague, 1992; Wright, 2001). TGF-P is produced 

predominantly by gingival inflammatory cells, endothelial cells, mast cells, epithelial 

cells and fibroblasts (Wright, 2001). The effects of TGF-P can be exerted in an autocrine 

or a paracrine fashion (Sporn and Roberts, 1990). Autocrine stimulation by this cytokine 

is influenced by the amount of TGF-P produced, as well as their level of receptor 

expression (Tipton and Dabbous, 1998). Most TGF-P is produced in a latent form that 

must subsequently be activated by the cells. Thus, the presence or absence of the 

mechanisms that activate TGF-P play a large role in the regulation of TGF-P function. 

Furthermore, certain E C M molecules, including the small leucine-rich proteoglycans 

decorin, biglycan and fibromodulin, can inhibit TGF-P activity. 

A l l three isoforms of TGF-P can be found in wounds; however, TGF-P 1 comprises the 

majority of this expression (O'Leary et al, 2002). TGF-P 1 induces scarring, stimulates 

E C M production and enhances fibroblast proliferation by increasing the Gj/S transition, 

D N A synthesis and shortening the Gi phase of the cell cycle (Kim et al, 1998). TGF-p 2 

serves as a compensatory mechanism aimed at counteracting the effects of TGF-P 1 over-

expression. TGF-p3 moderates the effects of TGF-p 1 and TGF-P2, possibly inhibiting 

fibrosis and scarring (Shah et al., 1995). 

HGF fibroblast strains produce increased levels of TGF-P 1 and TGF-p 2 , which is coupled 

to a stimulatory response that results in increased E C M formation (Tipton et al, 1997; 
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Tipton and Dabbous, 1998; Tipton et al, 2004; Trackman and Kantarci, 2004). A recent 

immunohistochemical study has also reported a significant proportional increase in TGF-

Pi and TGF-P3 expression in both DIGO and HGF, but a decrease in TGF-P2 expression 

in HGF tissues (Wright, 2001). Variability in TGF-P2 levels may reflect increased 

secretion by HGF fibroblasts in vitro or culturing of fibroblast strains present in lower 

proportions in the gingiva. Although TGF-p receptor I and II positive cells were detected 

in equal numbers in DIGO, HGF and controls, the proportion of receptor-positive cells 

were significantly increased in DIGO and HGF (Wright, 2001). Thus, increased levels of 

TGF-P 1 may override the "antifibrosis" effects of the decreased TGF-p2 and maintenance 

of TGF-P3 expression in HGF (Wright, 2001). TGF-Pi was also the predominant isoform 

secreted in both health and disease; the amount produced being ten times greater than 

TGF-p 2 (Roberts, 1984; Tipton and Dabbous, 1998). Using quantitative PCR, similar 

levels of TGF-P mRNA expression was found by control and HGF fibroblasts (Tipton 

and Dabbous, 1998). Therefore, increased protein production by HGF fibroblasts is 

likely a result of post-transcriptional differences between control and HGF fibroblasts. 

Interestingly, the fibrotic effect of TGF-P appears to depend on its property to induce 

autocrine expression of CTGF (Blom et al, 2002). However, nothing is known about 

expression of CTGF in HGF. 

2.5.6 Matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases 

Decreased collagen degradation may result from an increase in the proportion of tissue 

inhibitors of matrix metalloproteinases (TIMP) relative to matrix metalloproteinases 

(MMP). MMPs are a family of zinc dependent peptidases responsible for E C M 

degradation during tissue remodeling (Johnson et al, 1998). They are classified based on 
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their substrate specificity as collagenases (MMP-1, -8, -13), gelatinases (MMP-2, -9), 

stromelysins (MMP-3, -10, -12) or membrane-type MMPs (MT-MMPs) (Coletta et al, 

1999). While MMP-1 plays a role in interstitial collagen degradation, MMP-2 affects 

type IV collagen, but can also act on type I collagen in vitro (Aimes and Quigley, 1995). 

Although TIMPs (TIMP-1, -2, -3, -4) inhibit MMPs, the gene expressions of both may be 

regulated by TGF-p, (Overall et al, 1991). A high ratio of TIMP to MMP-1 may result 

in excess collagen accumulation seen in HGF and DIGO. 

TGF-P i stimulates fibroblasts to upregulate type I collagen, MMP-2 and possibly TIMP-

1, while downregulating MMP-1 expression (Fujiwara et al, 2005; Ma et al, 1999; 

Overall et al, 1989; Overall et al, 1991). In an in vitro study, ELISA was used to 

demonstrate that TGF-Pi levels are 1.3-2.5 fold greater in HGF than health (Coletta et al, 

1999). According to RT-PCR and enzymography, cells in HGF express and produce 

significantly less MMP-1 and MMP-2 and similar levels of TIMP-1 and TIMP-2 

compared to controls (Coletta et al, 1999). Furthermore neutralizing TGF-Pi with 

antibodies against TGF-Pi results in decreased production of MMP-2 and slightly 

increased production of MMP-1 (Coletta et al, 1999). The latter may be regarded as a 

sign of autocrine stimulation by TGF-P!. In health, E C M turnover is regulated by the 

delicate balance between M M P ' s and TIMP's; thus, it is possible that a genetic defect in 

HGF may disrupt this balance, resulting in E C M accumulation. The ratio of MMP-1 to 

TIMP-1 could be the basis for fibrosis in gingival overgrowth. 
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2.5.7 Collagen phagocytosis 

Collagen phagocytosis may also play a role in fibrosis. In an in vitro study, there was a 

dose-dependent decrease in the percentage of phagocytic cells in nifedipine treated 

fibroblasts compared to controls (McCulloch and Knowles, 1993). Although fibroblasts 

derived from healthy tissues had a wide range of collagen phagocytic activity, they had 

proportionally more phagocytic cells, as well as cell populations with high phagocytic 

activity than those obtained from fibrotic tissues (McCulloch and Knowles, 1993). 

Fibrotic lesions, especially in the absence of inflammation, are likely to arise from a 

reduction in the proportion of fibroblasts with phagocytic activity (McCulloch and 

Knowles, 1993). Whether fibrosis results from changes in the balance between MMPs 

and TIMPs or a decrease in the amount of fibroblasts with phagocytic activity warrants 

further investigation. 

2.5.8 Fatty acid synthesis 

Recently, a link has also been suggested between fatty acid synthesis (FAS) and HGF. 

Upregulated FAS activity has been found in tumor cells of the tongue (Krontiras et al., 

1999) and oral squamous cell carcinoma (Zhang et al., 2005), suggesting a link between 

FAS and control of the cell cycle. Furthermore, fibroblast proliferation rates appear to 

be positively correlated with FAS production, which is in part modulated by testosterone 

levels (Almeida et al, 2005). Inhibiting FAS, reduced fibroblast proliferation rates in 

health and HGF (Almeida et al, 2005). The role of TGF-(3i in modulating FAS is not yet 

known. 
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2.5.9 Summary 

The pathogenesis of HGF has not been clearly delineated. Since this disease is 

genetically heterogeneous, numerous concurrent mechanisms may be involved. None-

the-less, the balance between collagen production and degradation is disrupted resulting 

in excess E C M accumulation, a process similar to excessive wound healing response 

leading to scar formation in skin. Interestingly, patients with HGF do not usually display 

fibrosis as excessive scar formation in skin, suggesting that unique molecular 

mechanisms or cells are involved in gingiva. Cell selection of certain fibroblast strains 

may be important in disease pathogenesis. HGF fibroblasts have a higher rate of 

proliferation and subsequent production of type I collagen and fibronectin (Tipton et al, 

1997). They also produce elevated levels of TGF-Pi, an autocrine stimulator of E C M 

production; however, this does not affect rates of fibroblast proliferation (Wright, 2001). 

It is possible that fibroblasts in HGF are overstimulated by growth factors and cytokines, 

resulting in excess production of E C M molecules and hence fibrosis. Furthermore, 

MMP-1 and MMP-2 production and expression are also decreased as a consequence of 

elevated levels of TGF-Pi (Coletta et al, 1999). Phagocytic cells and FAS may also be 

important mediators of E C M accumulation, but warrant further investigations. Gingival 

overgrowth in HGF is most likely caused by a combination of reduced E C M degradation 

and increased fibroblast proliferation. 

2.6 HGF versus drug induced gingival overgrowth 

As in HGF, there is no clear consensus about the pathogenesis of DIGO. However, it 

seems likely that the homeostasis of collagen synthesis and degradation is disrupted 

(Kataoka et al, 2005). Most medications associated with DIGO exert their 
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pharmaceutical effects by targeting the Ca signaling pathways and result in a severe 

accumulation of E C M in gingival connective tissues (Deliliers et al, 1986; Yamasaki et 

al, 1987). Some studies have also found increased fibroblast levels, but this may be 

attributed to the various degrees of gingival inflammation because production of 

inflammatory cytokines such as IL-ip, can stimulate fibroblast proliferation and induce 

collagen synthesis (Kataoka et al, 2005; Wright, 2001). 

Platelet derived growth factor (PDGF), a cytokine that is upregulated during fibrosis and 

wound healing, does not appear to play a pivotal role in DIGO or HGF (Cochran and 

Wozney, 1999; Wright, 2006). PDGF is expressed by fibroblasts, macrophages and 

epithelial cells. In one study, culturing rat peritoneal macrophages and human blood 

monocytes with phenytoin, led to increased levels of PDGF-B mRNA, suggesting a 

potential link to gingival overgrowth (Dill et al, 1993). Similar increases in PDGF-B 

have been reported by others in association with phenytoin therapy (Nares et al, 1996). 

Since macrophages play an important part in gingival changes during inflammatory 

states, releasing PDGF-B was thought to be one possible mechanism through which 

inflammation can exacerbate at least phenytoin and cyclosporin induced gingival 

overgrowth (Seymour et al, 1996). However, in a recent study that used RT-PCR and 

immunohistochemistry, levels of PDGF-B were significantly decreased in cyclosporine 

induced gingival overgrowth compared to HGF and health, suggesting that macrophages 

may not have a pivotal role in gingival overgrowth (Wright, 2006). The authors 

postulated that the high levels of TGF-P i seen in HGF and DIGO may regulate 

differences in PDGF and its receptor. Furthermore, the fact that increased levels of TGF-
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Pi do not affect fibroblasts similarly in HGF and DIGO, may reflect a genetic defect that 

predisposes patients with HGF to fibrosis (Wright, 2006). 

TGF-P may be important in the pathogenesis of both DIGO and HGF. Increased 

fibroblast production of TGF-Pi and an autocrine role in the pathogenesis of both types of 

overgrowth has been reported (Wright, 2001). Higher levels of TGF-Pi seen in HGF 

compared to DIGO may reflect the severity of overgrowth in the former. Elevated TGF-

P expression has been reported in patients with cyclosporine renal fibrosis (Pankewycz et 

al, 1996; Saggi et al, 2004) and in immunohistological studies of patients treated with 

phenytoin and nifedipine (Saito et al, 1996). Expression of this growth factor is also 

increased in the gingival crevicular fluid of patients with phenytoin induced gingival 

overgrowth (Kuru et al, 2004). 

As in HGF, similar decreases are seen in MMP-1 , MMP-2 and MMP-3 expression by 

human gingival fibroblasts treated with phenytoin, whereas TIMP-1 is induced in a dose 

and time dependent manner (Kato et al, 2005). Cyclosporin stimulates TGF-Pi 

expression, which in turn inhibits expression of MMP-1 and MMP-2 by human gingival 

fibroblasts; cyclosporine only has a small effect on TIMP-1 and TIMP-2 expression 

(Cotrim et al, 2002; Hyland et al, 2003). However, cyclosporine induced focal 

interstitial fibrosis in the rat is associated with increased TIMP-1 levels rather than 

decreased M M P expression (Duymelinck et al, 1998). Using human versus animal 

constructs may account for differences between studies. In general, MMP-1 and MMP-2 

levels appear to be reduced in both types of overgrowth, disturbing the balance between 

MMPs and TIMPs. 
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HGF and DIGO may not rely solely on the autocrine effects of TGF-Pi (Coletta et al, 

1999). Drug induced and hereditary forms of gingival overgrowth may share another 

common molecular basis. The region at 5ql3-q22 associated with HGF also 

encompasses the calcium/calmodulin dependent protein kinase IV (CAMK4), which is 

important in calcium regulation (Xiao et al, 2001). Using RT-PCR, C A M K 4 expression 

was also demonstrated in gingival tissues (Xiao et al, 2001). Calcium is a secondary 

messenger, whose effects are mediated through its interaction with calmodulin and hence 

activation of C A M K . C A M K ' s are involved in cellular processes such as muscle 

contraction, neurotransmitter release, cell cycle control, and transcriptional regulation 

(Gardner et al, 2000). In addition, a sodium/calcium exchanger gene (NCX1) and 

calmodulin (CALM2) also reside within chromosome 2p21 interval that cosegregates 

with HGF (Hart et al, 1998). However, there are no studies that have analyzed the 

possibility of mutations to NCX1 and C A L M 2 in HGF. Since cyclosporine A , nifedipine 

and phenytoin are all calcium antagonists, they too are associated with calcium influx, 

leading to decreased oxygen consumption (Antman et al, 1980). 

A l l types of DIGO are similar clinically and prevail in the anterior sextants. Initially, 

there is a change in the shape and size of the interdental papillae, which continue to 

enlarge and coalesce with disease progression; the marginal gingiva may also become 

involved (Lindhe, 2003). It is unknown why DIGO begins at the interdental papillae. 

The role of dental plaque in the initiation of gingival enlargement has not been 

established; however, the presence of plaque is a risk factor for overgrowth in patients 

taking phenytoin or nifedipine (Brunet et al, 2001; Majola et al, 2000; Miranda et al, 

2001). It is currently unknown whether HGF originates in the papillae. Clinically there 
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are situations where only the papillae are affected (Flaitz and Coleman, 1995); however, 

in the majority of cases, the marginal gingiva also becomes involved (Kelekis-Cholakis et 

al, 2002), suggesting a papillary origin. Thus, HGF may result as an expansion of 

papillary tissue as a result of a genetic defect. If this is the case, the gingival papilla must 

be predisposed to overgrowth in some way, for example, inherently different expressions 

of key molecules in the papilla compared to the marginal gingiva may be involved in this 

process. 

Anatomically, the marginal gingiva is the tissue located at the junction of a tooth and 

spanning between the mesial and distal line angles; the interdental papilla is the tissue 

located in the interproximal areas. The latter is pyramidal in shape anteriorly and 

becomes flattened in the buccolingual direction in the posterior sextants (Lindhe, 2003). 

The gingiva obtains its final shape in conjunction with tooth eruption (Lindhe, 2003). 

Specifically, the shape of the papilla is determined by the contact points of adjacent teeth, 

the widths of proximal tooth surfaces, as well as the shape of the cementoenamel junction 

(Lindhe, 2003). To our knowledge, there are no studies that have examined the 

similarities and differences in the molecular composition of the marginal gingiva and 

interdental papilla. 

2.7 Treatment of hereditary gingival fibromatosis 

HGF cannot be cured; treatment is symptomatic and depends on the degree of severity. 

When enlargement is minimal, scaling/root planning and thorough home care may be 

sufficient to maintain good oral health (Baptista, 2002). However, as the amount of 

excess tissue increases, treatment is dictated by function and esthetics. In such cases, 
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therapy consists of surgical removal of hyperplastic gingiva by conventional external 

incision gingivectomy, internal bevel gingivectomy (Casavecchia et al., 2004) or lasers 

(Miller and Truhe, 1993). If the volume of the overgrowth is extensive, pseudopockets 

can be eliminated using a repositioned flap (Lindhe, 2003). Using this surgical technique 

will avoid exposure of connective tissue that in such severe cases would normally occur 

with a gingivectomy. 

Reports of recurrence rates vary in the literature; however, relapse is not rare. There have 

been several reports where tissues did not relapse 2 years (Ramer et al., 1996), or even 3 

years after therapy (Bittencourt et al., 2000). Yet others have advocated full-mouth 

clearance, as gingival overgrowth did not recur in the absence of teeth (Kharbanda, 

1993). However, in a case report of a 38-year-old female with HGF, (Baptista, 2002) 

tissues relapsed 20 months after therapy. Relapse was also noted after 3 years in a 13-

year-old girl (Kelekis-Cholakis et al., 2002). James (James, 1971) found that recurrence 

was decreased i f surgical excision of the hyperplastic gingiva was delayed until the 

permanent dentition has fully erupted. Surgical management is recommended in severe 

cases, as the esthetic improvements and hence the psychological benefits that result from 

excising overgrown tissues outweigh the risk of recurrence (Bhavsar et al, 1991). 

HGF is a complicated disorder that is currently still under investigation. Due to its rare 

occurrence, it is a difficult subject to study. Currently, there have been no reports that 

have outlined the exact mechanism underlying the disorder and thus suggested treatments 

have been symptomatic. 
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3 Aim of the Study 

The aim of the study was to determine the expression of certain E C M molecules, their 

receptors, cytokines and growth factors in HGF. These findings will be compared to 

healthy marginal gingiva and interdental papilla to determine the differences in 

expression of molecules between health and disease. Results from HGF tissues will also 

be compared to the expression of the same molecules in human gingival wounds found in 

previous studies in our laboratory. Comparing HGF biopsies to healthy tissues and 

gingival wounds will provide a better understanding of the underlying mechanisms of 

HGF. 

We hypothesized: 1) The composition of the healthy papilla differs from that of the 

healthy marginal gingiva. Therefore, in case that HGF results from expansion of 

papillary tissue, HGF will display the molecular characteristics of gingival papilla. 2) 

The expression patterns of certain molecules in HGF resemble wound granulation tissue 

suggesting that processes involved in gingival wound healing are upregulated in HGF. 

Therefore, we compared marginal gingival samples from health, HGF and wounds and 

studied molecules whose expressions are regulated during wound healing and are 

responsible for E C M organization, production and cell proliferation. The expression 

pattern of avP6 was determined in health and HGF, as it is a wound-specific epithelial 

integrin with a role in activation of latent TGF-P (Sheppard, 2005) and hence plays an 

important role in modulating tissue fibrosis and abnormal wound healing (Hakkinen et 

al, 2004). TGF-P and CTGF were also examined, as both are growth factors that 

promote E C M production, a hallmark of HGF, DIGO and wound healing (Tipton and 

Dabbous, 1998; Uzel et al, '2001; Wright, 2001). TGF-P also promotes CTGF 
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expression (Igarashi et al, 1993). Localization of FN-EDA, FN-EDB, procollagen and 

tenascin-C, that are strongly upregulated in wound healing, was determined (Boykiw et 

al, 1998; Hakkinen et al, 1996; Hakkinen et al, 2000a; Larjava et al., 2002; Singh et al, 

2004; Soo et al, 2000). Finally, we studied the expression of small leucine-rich 

proteoglycans decorin, • biglycan, fibromodulin and lumican, as these molecules are 

important inhibitors of TGF-P activity in vitro and in vivo, modulate collagen deposition 

and may be involved in scar formation. We also studied the expression of SOS-1 in 

healthy gingiva and wound healing, as this molecule was found to be important in the 

pathogenesis of HGF 1 (Hart et al, 2002). Because HGF may be a form of spontaneous 

overhealing of wounds without the physical presence of a wound, SOS-1 expression may 

be similar to wound healing. Localization of CK19 expression was used as a marker for 

junctional/sulcular epithelium (Pritlove-Carson et al, 1997). It is possible that processes 

involved in gingival wounds may be spontaneously upregulated in HGF and may provide 

novel targets to preventing gingival overgrowth. 
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4 Materials and Methods 

4.1 Gingival samples 

Human marginal and/or papillary gingival tissue samples were obtained from 10 

individuals with hereditary gingival fibromatosis between the ages of 7-47 years (Tables 

2 and 3; Figure 2B). Eight of these samples were donated by Dr. John Matthews from 

the University of Birmingham, U.K. , one from Dr. Collin Wiebe from the University of 

British Columbia, Canada and one from Dr. Hannu Larjava from the University of British 

Columbia, Canada. Healthy tissue samples (control group) were also harvested from 

marginal and/or papillary gingiva from five healthy control patients between 25 and 65 

years of age (Table 2; Figure 2A). The control group was comprised of patients who 

were undergoing crown lengthening surgery. Individuals in the control group were 

medically healthy, did not have periodontal disease in the surgical area, were non-

smokers and were not taking any medications (Table 4). Informed consent to participate 

in this investigation was obtained from all subjects. A l l the procedures were in 

accordance with regulations set forth by the Office of Research Services, Behavioral 

Research Ethics Board, Biosafety and Animal Care, University of British Columbia. 

After harvesting, biopsies were immersed in physiological saline for a maximum of one 

hour, until being embedded in optimal cutting temperature compound (Tissue-Tek®, 

Miles Inc., Elkhart, IA, USA) and immediately frozen in liquid nitrogen. Tissue block 

samples were stored at -86°C until frozen sections were prepared. Using a cryostat, serial 

cross-sections (5pm) were prepared from each sample and placed onto 3-

aminopropyltriethoxysilane (Fluka Chemie, Buchs, Switzerland) - coated slides, air dried 

and stored at -86°C until further use. Every tenth slide from each subject was stained 
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with hematoxylin and eosin and tissue morphological characteristics were analyzed using 

a Zeiss Axiolab E light microscope (Carl Zeiss Jena, Germany). Frozen sections were 

used for immunolocalization studies. 

Wound samples previously obtained from two systemically healthy young adult subjects 

were also employed in the present experiment. Participants were non-smokers, did not 

take any medications, nor did they have a family history of gingival overgrowth. Full 

thickness biopsies measuring 10 mm long x 2 mm wide x 2 mm thick were harvested 

from the palatal masticatory mucosa. Incisions were made at least 3 mm away from the 

gingival margins of premolars. Samples (unwounded tissue) were rinsed with 

physiologic saline, embedded in Tissue-Tek O.C.T. (Sakura Finetek Inc, Torrance, CA) , 

flash frozen in liquid nitrogen and stored at -86°C until further use. Palatal wounds were 

left to heal uncovered for 3, 7, 14, 28 or 60 days, at which time a 4 mm diameter punch 

biopsy was harvested from each wound. These tissue samples were prepared for 

histology and immunohistochemistry in a similar manner as control samples. 
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Table 2. Patient characteristics. 

Control 

N=5 

Hereditary Gingival Fibromatosis 

N=10 

Gender (male/female) 4/1 1/9 

Age (years) 25-65 7-47 

Severity of Overgrowth - Mild to severe 

Number of Different 14 15 
Areas Examined 

15 

*** Refer to Tables 3 and 4 for a detailed listing of patients who had >1 area examined per tissue 

biopsy. 
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Table 3. Specifics of patient characteristics with HGF. 

ttient Age Gender Medications 
Severity of 

Overgrowth** 

Generalized 
overgrowth with 

1 28 Female None mild to severe 
localized 

involvement 

2 44 Female None Mild/Moderate 

3 34 Female None Moderate/Severe 

4 45 Female HRT, coproximol, 
ibuprofen, ventolin 

Very severe 

5 47 Female None Mi ld 

6 35 Female None Moderate 

7 32 Female Oral contraceptives Moderate 

8 30 Female 
Oral contraceptives, 

Prozac 
Mild 

9 7 Male None Severe 

10 15 Female None Moderate/Severe 

Number of Areas 

Examined per 

Biopsy 

** Severity of overgrowth graded according to coverage of clinical crown. Mild = <33%; 

Moderate = 34-50%; Severe = >50%. 

*** Some patients had up to 6 different areas per biopsy immunostained for all molecules of 

interest and evaluated histologically. 
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Table 4. Specifics of control patient characteristics. 

Patient Age Gender Medications Number of Areas 
Examined per 

Biopsy 
1 47 Male None 2 

2 65 Female None 4 

3 57 Male None 2 

4 37 Male None 3 

5 25 Male None 3 

*** Some patients had up to 4 different areas per biopsy immunostained for all molecules of 

interest and evaluated histologically. 
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Figure 2 . Clinical appearance of gingiva 
fibromatosis (B). 

in health (A) versus hereditary gingival 
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4.2 Immunohistochemical stainings 

Frozen tissue samples were briefly thawed at room temperature prior to fixation with 

-20°C acetone for 5 minutes. After washing with phosphated buffered saline (PBS) 

containing lmg/ml bovine serum albumin (BSA) and 0.01% Triton-X 100, sections were 

incubated with the appropriate normal blocking serum (Vectastain A B C Kit; Vector 

Laboratories Inc., Burlingame, C A , USA) at room temperature for 30 minutes to block 

nonspecific binding sites. Primary antibody diluted in PBS/BSA/Triton X-100 (Table 5) 

was then added and the samples were left in a humidified chamber at 4°C. After 12-18 

hours of incubation, sections were washed with PBS/BS A/Triton X-100 and incubated 

with biotinylated anti-mouse, anti-rat or anti-rabbit secondary antibodies for one hour. 

Tissue sections were washed with PBS/BS A/Triton X-100, incubated with avidin and 

biotinylated horseradish peroxidase macromolecular complex (ABC) for 30 minutes 

(Vectastain Elite Kit, Vector Laboratories Inc.), washed again and reacted with a 

substrate for the enzyme (Vector® VIP Substrate Kit, Vector Laboratories Inc.) until 

suitable color development was obtained to localize the tissue antigen. Immersing tissue 

samples in distilled water halted the reaction. Reaction times for each antibody were 

standardized for all samples. Sections were left to air-dry and mounted using Vecta-

Mount™ (Vector Laboratories Inc.). Negative control stainings were performed by 

omitting the primary antibody. No color reaction was observed in the negative control 

samples. 

A l l slides were examined using an Axiolab E light microscope (Carl Zeiss Jena, 

Germany) with lOx, 20x, and 40x objective. The relative staining intensity was recorded 

by two independent calibrated examiners for each molecule at the different tissue 
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locations. The relative immunostaining intensity was scored as - (no immunoreactivity), 

+ (slight, but visible staining intensity), ++ (moderate staining intensity), or +++ (very 

intense staining intensity). Representative sections were photographed using a Nikon 

Coolpix 995 digital camera attached to a Nikon Eclipse TS 100 microscope (Nikon, 

Richmond, BC, Canada) with lOx and 40x objectives. The hematoxylin and eosin stained 

sections were evaluated for signs of overt inflammation, as determined by the relative 

degree of inflammatory infiltrate in the connective tissues. Only sections with minimal 

inflammatory cell infiltrates were used for immunohistological analysis. 
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Table 5. Antibodies used and their dilutions. 

Antibody Dilution Reference/Manufacturer 

Anti-human CK16 (CBL 273) 1 : 100 Chemicon International Inc., Temecula, C A , USA 

Cytokeratin 19 (A53B/A2) 1 : 800 Santa Cruz Biotechnology Inc., Santa Cruz, C A , 

U S A 

avB6 integrin 1 : 10 Dr. Dean Sheppard, Lung Biology Center, UCSF, 

San Francisco, CA, USA; (Huang et al, 1998) 

Anti-Procollagen type I 1 .10000 Chemicon International, Temecula, C A , USA 

Anti-Decorin 1 . 100 Krusius and Ruoslahti, 1986 

Anti-Biglycan (LF 106) 1 1000 (Fisher etal, 1989) 

Anti-Fibromodulin (human) 1 1,000 (Plaas and Wong-Palms, 1993) 

Anti-Lumican (human) 1 500 (Grover etal, 1995) 

Anti-Fibronectin-EDA (1ST-9) 1 500 Accurate Chemical & Scientific Corp., Westbury, 

N Y , U S A 

Anti-Fibronectin-EDB (BC-1) 1 200 Dr. Zardi, fnstituto Nazionale per la Ricerca sul 

Cancro, Genova, Italy 

Anti-Human Tenascin 1 400 Sigma Biosciences, St. Louis, M O , USA; (Weller 

etal, 1991) 

Anti-TGFRi 2j3 (H-112) 1 200 Santa Cruz Biotechnology Inc., Santa Cruz, C A , 

USA; (Miller etal, 1990) 

CTGF 1 500 Biogen Inc., Mississauga, ON, Canada 

SOS-1 (C-23) 1 800 Santa Cruz Biotechnology Inc., Santa Cruz, C A , 

USA; (Chardin etal, 1993) 
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5 Results 

Immunostaining was used to facilitate localization of different epithelial and connective 

tissue cells in healthy gingiva and HGF. A portion of biopsies obtained from healthy 

(Table 4) and HGF patients (Table 3) had up to six different areas immunostained for all 

molecules of interest. Each area was a different section from the same tissue sample. 

Various degrees of localized inflammation was observed in a subset of hematoxylin and 

eosin sections from healthy and HGF gingival samples; however, only tissue sections 

with minimal inflammatory cell infiltrates were used for immunohistochemical analysis. 

5.1 Comparison of healthy marginal gingiva and interdental papilla 

Healthy marginal gingiva contained epithelial rete ridges that were wide and of similar 

lengths (Figure 3A), while the interdental papilla had relatively longer rete ridges (Figure 

3C). The connective tissue in the marginal gingiva had thick bundles of interlacing 

collagen fibers. This was in contrast to the connective tissue of the papilla, where 

collagen fibers bundles were thinner and oriented relatively parallel to one another. 

There were relatively more blood vessels in the interdental papilla, but similar number of 

fibroblasts as in the marginal gingiva. Although inflammation was absent from healthy 

marginal samples (Figure 3A), a proportion of biopsies obtained from the interdental 

papilla had a moderate inflammatory infiltrate (Figure 3C). However, only those samples 

with minimal inflammatory cell infiltrates were used for immunostaining. 

5.1.1 Characterization of the epithelium 

Several differences in the expression of target molecules were noted between the 

epithelium of healthy marginal gingiva and interdental papilla (Table 6). With the 
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exception of the occasional isolated basal cell, CK19 was never expressed in the 

epithelium of marginal gingiva (Figure 4). However, expression of CK19 was notably 

upregulated in the epithelium of the interdental papilla, being strongest in the basal cells 

(Figure 4). Expression of avp6 integrin was lacking in the epithelium of the marginal 

gingiva (Figure 4). In the papilla, av|36 integrin was expressed throughout the 

epithelium, with expression being strongest at the tips of rete ridges (Figure 4). In 

marginal gingiva, biglycan immunoreactivity was strongest in the basal cells, although 

weak immunoreactivity was also evident in the stratum spinosum (Figure 5). In the 

interdental papilla, biglycan expression was similar in basal cells, but was relatively 

stronger in the suprabasal layers (Figure 5). Fibromodulin was weakly expressed in the 

basal cells and some of the immediate suprabasal cell layers of the marginal gingival 

epithelium (Figure 5). Fibromodulin showed relatively stronger staining intensity in the 

basal cells of the interdental papilla (Figure 5). A weak staining pattern was also present 

in stratum spinosum, but not stratum granulosum. The marginal gingiva had relatively 

weak expression of lumican, with most being localized to the basal cells, but there was no 

immunoreactivity in stratum granulosum (Figure 5). This was in contrast to the 

interdental papilla, where lumican expression was stronger throughout, but especially 

prominent at tips of rete ridges (Figure 5). No expression of decorin, procollagen, 

fibronectin-EDA, fibronectin-EDB or tenascin-C was noted in the oral epithelium of the 

marginal gingiva or interdental papilla (Figure 5 and Figure 6). 

There were two different patterns of immunostaining with TGF-Pi 2,3, both of which were 

found in the marginal gingiva and the interdental papilla (Figure 7). In some areas, 

localization was restricted to the area surrounding basal epithelial cells (Type A), while in 

45 



other areas there was strong expression of TGF-P 12,3 at the cell membrane facing the 

basement membrane (Figure 7). In the latter, there was also relatively strong 

immunoreactivity for TGF-P 1 2,3 in the stratum spinosum and stratum granulosum (Type 

B). Type A pattern of staining was present in 4 out of 7 marginal gingival samples and 5 

out of 6 interdental papilla samples. Although both immunostaining patterns were found 

in marginal gingiva and papilla, the overall staining intensity was consistently stronger in 

the interdental papilla (Table 6). Patients could be homogenous or heterogenous for 

either staining pattern. CTGF expression was strongest by the basal cells of the marginal 

gingiva; however, there was weak expression by the immediate suprabasal cell layers 

(Figure 7). CTGF was also expressed by the basal cells of the interdental papilla, 

although staining intensity was weaker than in the marginal gingiva. Suprabasal staining, 

especially in the stratum granulosum, was also evident in the papilla (Figure 7). In the 

marginal gingiva, SOS-1 expression was localized to the basal cells; suprabasal cell 

layers were negative for SOS-1 (Figure 7). SOS-1 was expressed throughout the 

epithelium of the interdental papilla, with strongest immunoreactivity being localized at 

tips of rete ridges (Figure 7). 
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Table 6. Relative immunostaining intensity in the epithelium of healthy marginal 

gingiva and healthy papilla. 

Marginal Gingiva Interdental Papilla 

SG SS BC SG SS BC 

CK19 - - - ' + + +++ 

Integrin avR6 - - - + ++ ++/+++ 

Biglycan - + ++ ++ ++ ++ 

Fibromodulin - -/+ + - -/++ +++ 

Lumican - + ++ ++ +++ 

TGFp,, 2 , 3 -/++ -/++ +/+++BM -/+++ -/+++ +/+++BM 

CTGF - + +++ ++/+++ + ++ 

SOS-1 _ ++ +/++ ++ +++ 

B M : cell membrane facing basement membrane; B C : basal cells; SG: stratum granulosum; SS: 

stratum spinosum; LC: localized. The relative staining intensities are indicative of each molecule 

at different tissue locations, rather than between different molecules. 

47 



5.1.2 Characterization of the connective tissue 

Healthy marginal gingiva and papilla have different localization of connective tissue 

extracellular matrix molecules (Table 7). No expression of CK19 or avP6 integrin was 

noted in the oral connective tissue of the marginal gingiva or interdental papilla (Figure 

4). In the marginal gingiva, decorin was localized on collagen fiber bundles and showed 

the most intense staining in the subepithelial connective tissue (Figure 5). In the 

interdental papilla, decorin was localized on thinner isolated collagen bundles and 

expression was strong in the subepithelial and deep connective tissue (Figure 5). 

Staining intensity was relatively weak for biglycan in marginal gingiva, but more intense 

in the deep connective tissues of the papilla (Figure 5). Biglycan was localized to 

collagen fiber bundles in both locations. In marginal gingiva, fibromodulin showed 

moderate to strong staining intensity, the latter prevailing in deep connective tissue, and 

localization to collagen fiber bundles. In the interdental papilla, fibromodulin expression 

was slightly weaker in subepithelial and deep connective tissue (Figure 5).' Fibromodulin 

was localized to collagen fiber bundles in deep connective tissue in the interdental 

papilla. Immunoreactivity for lumican was moderate in the subepithelial connective 

tissue and strongest in the deep connective tissue of marginal gingiva (Figure 5). 

Staining intensity for lumican was significantly weaker at all levels of connective tissue 

in the interdental papilla. Lumican was localized to collagen fiber bundles in the 

marginal gingiva and papilla. In the marginal gingiva, procollagen type I, the precursor 

of type I collagen, showed strongest immunoreactivity at the basement membrane zone 

(Figure 6). Staining intensity for procollagen was weaker in subepithelial and deep 

connective tissues. In the interdental papilla, staining intensity for procollagen was 

strong and homogenous throughout the connective tissue, although expression may have 
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been slightly muted in the basement membrane zone (Figure 6). Fibronectin-EDA was 

localized on collagen fiber bundles in the marginal gingiva. A moderate staining 

intensity was present at the basement membrane zone and in deep connective tissues 

(Figure 6). In the interdental papilla, stronger staining was noted throughout the 

connective tissue and areas of intense staining for fibronectin-EDA corresponded with 

the location of collagen fiber bundles. Fibronectin-EDB was not expressed in marginal 

gingiva (Figure 6). In contrast, expression was strong in the basement membrane zone of 

the interdental papilla, with mild to moderate expression in subepithelial and deep 

connective tissues, respectively (Figure 6). Tenascin-C was localized to the basement 

membrane zone and the superficial aspects of the subepithelial connective tissue in the 

marginal gingiva and interdental papilla (Figure 6). However, expression of tenascin-C 

was also observed in the deep connective tissue in the papilla, where it co-localized with 

collagen fiber bundles (Figure 6). In marginal gingiva and interdental papilla, only cell 

associated staining was present for TGF-Pi^, CTGF and SOS-1 (Figure 7). 
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Table 7. Relative immunostaining intensity in the connective tissue extracellular matrix 

in healthy marginal gingiva and healthy papilla. 

Marginal Gingiva Interdental Papilla 

BMZ SECT DCT BMZ SECT DCT 

Decorin - +++ ++ - +++ +++ 

Biglycan - + + - + ++ 

Fibromodulin - ++ +++ - + ++ 

Lumican - ++ ++/+++ - + + 

Procollagen ++ + + ++ +++ +++ 

FN-EDA ++ - ++ ++ ++/+++ ++/+++ 

FN-EDB - - - +++ + ++ 

Tenascin-C +++ ++ - +++ ++ ++ 

SECT: subepithelial connective tissue; DCT: deep connective tissue; B M Z : basement membrane 

zone. The relative staining intensities are indicative of each molecule at different tissue locations, 

rather than between different molecules. 
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5.1.3 Cell associated staining of target molecules in marginal gingiva and papilla 

Although the molecules investigated may have been expressed in the extracellular matrix, 

some were also associated with connective tissue cells, namely fibroblasts and blood 

vessels (Table 8). The relative cell associated staining intensity for molecules of interest 

were compared between the marginal gingiva and papilla. Blood vessels and fibroblasts 

stained weakly for lumican in both gingival anatomic locations. In marginal gingiva, 

biglycan showed moderate immunoreactivity in blood vessels and mild in fibroblasts. 

Staining intensity was stronger for biglycan in blood vessels of the interdental papilla 

compared to marginal gingiva (Figure 5). Blood vessels and fibroblasts showed weak 

immunoreactivity for fibromodulin in both anatomical areas (Figure 5); however, there 

were also blood vessels in the papilla that were negative for fibromodulin (Table 8). 

Localized fibroblasts and blood vessels positive for procollagen were present in the 

marginal gingiva and papilla; however, fibroblasts were stained stronger in the papilla 

(Figure 6). Fibronectin-EDA showed strong immunoreactivity for blood vessels and 

weak for fibroblasts of the marginal gingiva. Staining intensity was similar for blood 

vessels, but stronger for fibroblasts of the interdental papilla than marginal gingiva 

(Figure 6). Fibronectin-EDB was not associated with cells in the marginal gingival 

connective tissue; however, blood vessels and fibroblasts stained positive for fibronectin-

EDB in the papilla (Figure 6). Blood vessels in marginal gingiva and papilla stained 

strongly for tenascin-C, but fibroblasts were negative. In marginal gingiva, TGF-Pi;2,3 

was localized to select blood vessels, but not to fibroblasts. However, both cell types 

showed moderate immunoreactivity for TGF-Pi2,3 in the papilla (Figure 7). CTGF and 

SOS-1 were localized to fibroblasts and blood vessels of the marginal gingiva and 

papilla, but staining intensity was stronger in the interdental papilla (Figure 7). 
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Table 8. Relative staining intensity of fibroblasts and blood vessels in healthy marginal 

gingiva and interdental papilla. 

Marginal Gingiva Interdental Papilla 

FBL BV FBL BV 

Biglycan + ++ + +++ 

Fibromodulin + + + ./+ 

Lumican + + + + 

Procollagen + + ++ + 

FN-EDA + +++ ++ +++ 

FN-EDB + ++ 

Tenascin-C - +++ - +++ 

TGFp,, 2,3 - + + + + + 

CTGF + ++ +++ ++ 

SOS-1 + ++ +++ +++ 

FBL: fibroblast; BV: blood vessel. 
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HEALTHY HGF 

Figure 3. Hematoxylin & Eosin staining of the marginal gingiva (A and B) and interdental papilla (C and D) from healthy 
tissues (A and C) and hereditary gingival fibromatosis (B and D). In hereditary gingival fibromatosis, epithelial rete ridges 
are elongated in the marginal gingiva (B) and the interdental papilla (D). E = epithelium; CT = connective tissue 



M A R G I N A L P A P I L L A 

Figure 4. Immunostaining of cytokeratin 19 (CK19; A and B) and <xvB6 integrin (C and D) 
in healthy marginal gingiva (A and C) and interdental papilla (B and D). E = epithelium; 
CT = connective tissue. Bar 100pm. 
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M A R G I N A L P A P I L L A 

Figure 5. Immune-localization of decorin (A and B), biglycan (C and D), fibromodulin 
(E and F) and lumican (G and H) in healthy marginal gingiva (A, C, E and G) and 
interdental papilla (B, D, F and H). E = epithelium; CT = connective tissue. Bar 100pm 
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Figure 6. Immunohistochemical staining of procollagen (A and B), fibronectin-EDA 
(FN-EDA; C and D), fibronectin-EDB (FN-EDB; E and F) and tenascin-C (G and H) in 
healthy marginal gingiva (A, C, E and G) and healthy papilla (B, D, F and H). E = 
epithelium; CT = connective tissue. Bar 100pm 
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Figure 7. Localization of TGF-0 (A-F), connective tissue growth 
factor (CTGF; G-L) and SOS-1 (M-R) in healthy marginal gingiva 
(A, B, E, G, I, J, M , O and P) and interdental papilla (C, D, F, H , K, 
L, N , Q and R). E=epithelium; CT=connective tissue. Bar 100pm 



5.2 Comparison of marginal gingiva in health versus HGF 

Immunostaining was used to determine similarities and differences in expression of 

molecules of interest between marginal gingiva in health and HGF (Table 9, 10 and 11). 

In the present experiment, comparisons were limited to healthy and HGF marginal 

gingival tissues, whose origin was determined on the basis of clinical information of 

where biopsies were obtained from and our morphological criteria. Although HGF can 

manifest in marginal gingiva and interdental papilla, samples obtained from either 

location differed on a histological level from healthy tissues (Figure 3). 

In health, the oral epithelium of marginal gingiva had short, wide rete ridges of even 

lengths. Epithelium in HGF appeared dense and was characterized by elongated rete 

ridges that were relatively longer than those seen in healthy papilla (Figure 3). 

Connective tissues were comprised of thick bundles of interlacing collagen fibers in 

health. In HGF, random interwoven bundles of collagen fibers were also present, but 

were more dense and numerous. Furthermore, collagen bundles were occasionally 

oriented parallel to one another. Marginal gingiva had relatively similar number of blood 

vessels and fibroblasts in health and HGF; however, there were relatively fewer numbers 

of fibroblasts per collagen bundle in HGF. Although there was no inflammation noted in 

healthy marginal samples (Figure 3A), a mild localized inflammatory infiltrate was 

present in a proportion of HGF marginal biopsies (Figure 3B). Only samples with 

minimal inflammatory cell infiltrates were used for immunostaining. 
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5.2.1 Characterization of the epithelium in health and HGF 

Key differences were present in the expression of target molecules in marginal gingival 

epithelium in health versus HGF (Table 9). In health, CK19 was occasionally seen in 

localized basal cells, but its expression was otherwise absent (Figure 8). CK19 was 

strongly expressed in the basal cells of 15 out of 15 marginal gingival HGF samples. 

However, in 2 of these 15 samples, only isolated positive cells located at the tips of rete 

ridges could be found (Figure 8). The epithelial integrin avP6 was not expressed in 

health. Localized expression of integrin avP6 was evident in basal cells, at tips of rete 

ridges in 14 out of 15 HGF samples (Figure 8). In health, biglycan expression was 

strongest in basal cells, with some immunoreactivity also present in the stratum spinosum 

(Figure 9). In HGF, there was a similar distribution of biglycan expression, but the 

staining intensity was stronger. Furthermore, localized cells in the stratum granulosum 

also stained positive for biglycan (Figure 9). Immunostaining intensity for fibromodulin 

was weak in the basal and immediate suprabasal cells in health. There was no 

fibromodulin localized to the stratum granulosum. Compared to health, fibromodulin 

expression in HGF was very pronounced in basal cells, creating the appearance of a 

"string of beads" (Figure 9); however, suprabasal cell layers were negative. In healthy 

marginal gingiva, staining intensity for lumican was moderate in stratum basale, mild in 

stratum spinosum and absent in stratum granulosum (Figure 9). There was a similar 

expression pattern in HGF, but staining intensity was consistently stronger (Figure 9). 

Decorin (Figure 9), procollagen (Figure 10), fibronectin-EDA (not shown), fibronectin-

EDB (Figure 10) and tenascin-C (Figure 10) were not expressed in the oral epithelium of 

marginal gingiva in health or HGF. As discussed previously, there were two distinct 

patterns of TGF-pi2,3 expression in health. In 4 out of 7 healthy marginal gingival 
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samples, localization was restricted to basal cells and 2-3 suprabasal cell layers, while in 

the remaining 3 samples expression was strong at the cell membrane facing the basement 

membrane with additional immunoreactivity in the stratum spinosum and stratum 

granulosum (Figure 7). However, in HGF, 15 out of 15 tissue samples were 

homogeneous for only one of these staining patterns. Strong immunoreactivity for TGF-

P1,2,3 was present in the cell membranes facing the basement membrane and all suprabasal 

layers, but there was minimal expression in other areas of basal cells (Figure 11). At the 

tips of rete ridges TGF-P i 2,3 immunoreactivity localized to all cell membranes of the 

basal cells. Compared to health, TGF-P 1 2,3 staining intensity was stronger in HGF (Table 

9). In health, CTGF was strongly expressed by basal cells and weakly by cells of the 

immediate suprabasal layers, while the other cell layers were negative (Figure 11). In 

HGF, immunoreactivity for CTGF was relatively strong in stratum basale, spinosum and 

granulosum. SOS-1 was localized to basal cells in health, but was expressed throughout 

the oral epithelium in HGF. Specifically, SOS-1 expression in HGF was strong in basal 

cells, weak in stratum spinosum and moderate in stratum granulosum (Figure 11). 
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Table 9. Summary of differences between healthy and HGF marginal epithelium. 

Health HGF 

SG SS BC SG SS 

CK19 

Integrin avp6 

Biglycan 

Fibromodulin 

Lumican 

T G F p U 3 

CTGF 

SOS-1 

-/++ 

-/+ 

+ 

-/++ 

+ 

++ 

+ 

++ 

+ + / + + + L C 

+ / + + + B M ++h 

+++ 

++ 

++ 

+/++ 

++ 

+ + L C 

BC 

+++ 

- / + + L C 

L B M L C 

+++ 

++/+++ 

+ + / + + + - B C ; + + + B M 

+ / + + + + B M 

-/+ ++/+++ 

B M : cell membrane facing basement membrane; BC: basal cells; SG: stratum granulosum; SS: 

stratum spinosum; L C : localized. The relative staining intensities are indicative of each molecule 

at different tissue locations, rather than between different molecules. 
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5.2.2 Characterization of the connective tissue in health and HGF 

Differences between healthy and HGF marginal gingiva were also noted in the 

connective tissue (Table 10 and 11). CK19 and av(36 integrin were not expressed in the 

oral connective tissue of healthy and HGF marginal gingiva (Figure 8). There were no 

differences in staining intensity for decorin in healthy versus HGF marginal gingiva 

(Figure 9 and Table 10). However, HGF was characterized by more abundant 

localization of decorin on collagen bundles than seen in health (Figure 9). Biglycan was 

weakly expressed throughout the connective tissue in health. Staining intensity for 

biglycan was more pronounced in HGF, being strongest in the deep connective tissue, 

where it associated with collagen fiber bundles (Figure 9). Staining intensity for 

fibromodulin was moderate subjacent to the epithelium and more pronounced in deep 

connective tissue in health and HGF (Figure 9). Irrespective of health or disease, 

immunoreactivity for lumican was moderate in subepithelial and strongest in deep 

connective tissue of marginal gingiva (Figure 9). However, the overall staining intensity 

was stronger in HGF, where it was associated with collagen fiber bundles. In healthy 

marginal gingiva, procollagen was moderately expressed at the basement membrane 

zone, with weaker expression in the subepithelial and deep connective tissue. Staining 

intensity was increased in HGF, except the basement membrane zone, which remained 

negative (Figure 10). Expression pattern and staining intensity for fibronectin-EDA was 

similar in health and HGF. Fibronectin-EDA was localized on collagen fiber bundles, 

with moderate expression at the basement membrane zone and in deep connective tissues 

(not shown). Although absent from healthy marginal connective tissue, fibronectin-EDB 

was strongly expressed in the basement membrane zone, as well as the subepithelial and 

deep connective tissues in HGF (Figure 10). Tenascin-C was strongly expressed in the 
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extracellular matrix immediately beneath the basement membrane in healthy and HGF 

marginal gingiva. Intense staining was also noted in deep connective tissue in HGF 

(Figure 10). In health and disease, cell associated staining was noted for TGF-P 1,2,3, 

CTGF and SOS-1 (Figure 11). 
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Table 10. Summary of differences between healthy and HGF marginal connective tissue. 

Health HGF 

BMZ SECT DCT BMZ SECT DCT 

Decorin - +++ ++ - +++ ++ 

Biglycan - + + - + + +++ 

Fibromodulin - ++ +++ - ++ +++ 

Lumican - ++ ++/+++ - ++/+++ +++ 

Procollagen ++ + + +++ ++ 

FN-EDA ++ - ++ ++ - ++ 

FN-EDB - - - +++ ++ ++/+++ 

Tenascin-C +++ ++ - +++ +++ +++ 

SECT: subepithelial connective tissue; DCT: deep connective tissue; BMZ: basement membrane 

zone. The relative staining intensities are indicative of each molecule at different tissue locations, 

rather than between different molecules. 
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5.2.3 Cell associated staining of target molecules in healthy and HGF marginal gingiva 

Some molecules investigated also demonstrated cell associated staining (Table 11). A 

comparison was made between the relative staining intensity of blood vessels and 

fibroblasts positive for molecules of interest in healthy and HGF marginal gingiva. In 

health, biglycan showed moderate immunoreactivity in blood vessels and mild in 

fibroblasts. Staining intensity in blood vessels was similar in HGF, but fibroblasts were 

stained stronger (Figure 9). Fibromodulin expression in both cell types was weak in 

health and more pronounced in HGF (Table 11). Lumican showed weak staining in 

fibroblasts and blood vessels in health and moderate in HGF (Table 11). Blood vessels 

and fibroblasts were immunoreactive for procollagen in health and HGF; however, 

staining intensity was consistently stronger in HGF (Figure 10). In health and HGF, 

fibroblasts stained weakly and blood vessels strongly for fibronectin-EDA (Table 11). In 

contrast to health, where no cell associated staining was noted for fibronectin-EDB, blood 

vessels and fibroblasts were strongly positive in HGF (Figure 10). Fibroblasts were 

negative for tenascin-C and blood vessels were stained strongly in health and disease 

(Figure 10). There was weak immunoreactivity for TGF-p\2,3 in healthy marginal blood 

vessels, but not fibroblasts. However, both cell types had a moderate staining intensity 

for TGF-Pi2,3 in HGF (Figure 11). Cell associated staining for CTGF and SOS-1 were 

similar. In health, fibroblasts stained weakly and blood vessels moderately positive for 

CTGF and SOS-1. In contrast, the staining intensity was stronger for both cell types in 

HGF marginal gingiva (Figure 11). 
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Table 11. Relative staining intensity of fibroblasts and blood vessels in health and HGF. 

Heal th H G F 

Big lycan 

F ib romodu l in 

L u m i c a n 

Procollagen 

F N - E D A 

F N - E D B 

Tenascin-C 

TGFP.,23 

C T G F 

SOS-1 

F B L 

+ 

+ 

+ 

+ 

B V 

+ 

+++ 

+ 

++ 

++ 

F B L 

++ 

+/++ 

++ 

++/+++ 

+ 

+++ 

+++ 

+++ 

B V 

++ 

+/++ 

++ 

++ 

+++ 

++ 

+++ 

+++ 

FBL: fibroblast; BV: blood vessel. 
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HEALTH HGF 

Figure 8. Expression of cytokeratin 19 (CK19; A-C) and avB6 integrin (D and E) in 
marginal gingiva in health (A and D) and hereditary gingival fibromatosis (B, C and E). 
E = epithelium; CT = connective tissue. Bar 100pm 
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HEALTHY HGF 

Figure 9. Localization of decorin (A and B), biglycan (C and D), fibromodulin (E and F) 
and lumican (G and H) in marginal gingiva in health (A, C, E and G) and hereditary gingival 
fibromatosis (B, D, F and H). E = epithelium; CT = connective tissue. Bar 100pm 
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HEALTH HGF 

Figure 10. Immunostaining of procollagen (A and B), fibronectin-EDB (FN-EDB; C 
and D) and tenascin-C (E and F) in marginal gingiva in health (A, C and E) and 
hereditary gingival fibromatosis (B, D and F). E = epithelium; CT = connective tissue. 
Bar 100pm 
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Figure 11. Immunohistochemical staining of TGF-B (A and B), CTGF (C and D) and 
SOS-1 (E and F) in marginal gingiva in health (A, C and E) and hereditary gingival 
fibromatosis (B, D and F). E = epithelium; CT = connective tissue. Bar 100pm 
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5.3 Wound healing in palatal attached gingiva 

Palatal attached gingival samples obtained from two systemically healthy patients at 0, 3, 

7, 14, 28 and 60 days post-wounding were immunostained for TGF-pi,2,3, CTGF and 

SOS-1. The pattern of immunostaining of baseline biopsies (day-0) resembled that of 

healthy marginal gingiva. Although healthy papilla and marginal gingiva can exhibit two 

distinct staining patterns with TGF-Pij2,3, only one pattern with strong basement 

membrane zone and suprabasal expression was observed in palatal biopsies (Figure 12). 

In palatal epithelium, SOS-1 and CTGF were most strongly expressed in cell membranes 

facing the basement membrane (Figure 12). In palatal connective tissue, there were 

numerous blood vessels positive for CTGF and SOS-1, with relatively fewer blood 

vessels positive for TGF- Pi,2,3. 

Samples obtained three days post-wounding were characterized by an actively migrating 

epithelium and a fibrin clot rich in inflammatory cells (Figure 13). TGF-Pi2,3 expression 

was evident throughout the migrating epithelial front. A similar pattern was also present 

for SOS-1. In contrast, CTGF showed strongest immunoreactivity at the cell membrane 

facing the connective tissue in basal cells next to the wound. TGF-p 1 2,3 and SOS-1 

expression were upregulated in the connective tissue cells next to the fibrin clot. 

Inflammatory cells in the fibrin clot also showed strong immunoreactivity for SOS-1. 

Epithelial migration was complete by day 7 post-wounding (Figure 14). The wound bed 

had been covered by epithelium; however, rete pegs had not yet formed. Granulation 

tissue was characterized by the presence of fibroblasts and endothelial cells. At the 

interface between the epithelium and granulation tissue, TGF-Pi,2,3, SOS-1 and CTGF 
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were all expressed in the cell membranes at the basal cells. CTGF and SOS-1 also 

showed some intracellular staining in the basal cells. There was no suprabasal staining 

with TGF-Pi;2,3, as seen in control samples (Figure 14). Strong expression of TGF-Pi,2,3 

and SOS-1 was noted at the connective tissue and granulation tissue interface. 

Immunoreactivity for CTGF expression was low in this area (Figure 14). 

Fourteen days after wounding, the wound was being actively remodeled and the 

granulation tissue had contracted to form a wound connective tissue. In the wounded 

epithelium, cell membranes facing the basement membrane continued to be stained with 

CTGF and SOS-1; however, TGF-Pi,2,3 expression was now nearly absent (Figure 15). 

None-the-less, TGF-P 12,3 expression was present in the surrounding non-wounded 

epithelium. Wound connective tissue cells immediately beneath the wound epithelium 

did not express TGF-P 1,2,3 or SOS-1, but they showed strong immunoreactivity for CTGF. 

In contrast, fibroblasts that were actively remodeling the deep wound connective tissue 

showed strong immunoreactivity for TGF-Pi,2,3, CTGF and SOS-1. 

Epithelial thickness was normalized at twenty-eight days post wounding, but the rete 

pegs had not formed (Figure 16). In the wound epithelium, TGF-Pi,2,3 and SOS-1 

expression was strong in the cell membranes facing the basement membrane, but there 

was no such expression pattern seen with CTGF. The presence of suprabasal staining 

with TGF-P 1,2,3 signified the beginning of normalization. CTGF and SOS-1 were 

relatively abundant in the fibroblasts in the wound connective tissue, but staining 

intensity of TGF-P 1,2,3 was very weak. 
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A l l epithelial components appeared histologically normalized and rete pegs had reformed 

by sixty days post wounding (Figure 17). Expression of TGF-P i 2,3 and SOS-1 had 

normalized in the epithelium. Both these molecules were expressed in the cell 

membranes facing the basement membrane, while TGF-P 1 2,3 expression was also evident 

in the suprabasal cell layers, but not in other areas of basal cells. Expression of TGF-

P 1,2,3 was minimal in the healthy unwounded connective tissue, being limited mostly to 

blood vessels. However, unlike normal unwounded tissue, wound connective tissue 

contained abundant blood vessels and fibroblasts immunoreactive for CTGF and SOS-1. 
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Figure 12. Baseline palatal gingiva - Day 0 (Control). Expression pattern of TGF-B (A and D), CTGF (B and E) and SOS-1 (C and F) in 
non-wounded palatal attached gingiva is similar to healthy marginal gingiva. D, E and F: Arrowheads indicate staining at the basal cell 
membrane facing the basement membrane. A , B and C: Arrows indicate blood vessels. E = epithelium; CT = connective tissue Bar 
100pm 



Figure 13. Expression pattern of TGF-P (A, D and G), CTGF (B, E and H) and SOS-1 (C, F and I) in palatal attached gingiva 3 days 
after wounding. A-F : Arrows indicate the wound edge. E and F: Arrowheads indicate localization of strong immunoreactivity at the 
epithelial cells. E = epithelium; CT = connective tissue; FC = fibrin clot. Bar 100pm 
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Figure 14. Localization of TGF-p (A, D and G), CTGF (B, E and H) and SOS-1 (C, F and I) in palatal attached gingiva on day 7 
post wounding. A - C : Arrows indicate the wound edge. A-F: Arrowheads indicate staining at basal epithelial cells. E = epithelium; 
CT = connective tissue; GT = granulation tissue. Bar 100pm 



Figure 15. Expression pattern of TGF-p (A, D, G and J), CTGF (B, E, H and K) and SOS-1 (C, F, I 
and L) in palatal attached gingiva 14 days post wounding. A-C: Arrows indicate the wound edge. 
E = epithelium; CT = connective tissue; WCT = wound connective tissue. Bar 100pm 
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Figure 16. Expression pattern of TGF-p (A, D, G and J), CTGF (B, E, H and K) and SOS-1 (C, F, I 
and L) in palatal gingiva 28 days after wounding. A , C, D and F: Arrowheads indicate strong staining 
at the basal cells. E=epithelium; CT=connective tissue; WCT=wound connective tissue. Bar 100pm 
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Figure 17. Localization of TGF-B (A, D, G and J), CTGF (B, E, H and K) and SOS-1 (C, F, I and L) in palatal 
gingiva 60 days post wounding. G-I: Arrows indicate blood vessels. D and F: Arrowheads indicate strong 
staining at basal cells. E = epithelium; CT = connective tissue; WCT = wound connective tissue. Bar 100pm 



6 Discussion 

6.1 Comparat ive analysis of marginal gingiva and interdental papi l la in health 

Healthy human interdental papilla presents with unique functional features that 

differentiate it from marginal gingiva. To determine whether the papilla has distinct 

molecular characteristics that serve as the basis for these differences, this study compared 

key molecules in the epithelium and connective tissue of buccal marginal gingiva and 

interdental papilla. CK19 was examined because it was found to be exclusively 

expressed in nonkeratinized sulcular and junctional epithelium (Dale et al, 1990). Other 

molecules of interest were those normally absent from gingiva (avP6 integrin and 

fibronectin-EDB), as well as ones that are upregulated during wound healing and regulate 

tissue development and regeneration (fibronectin-EDA, fibronectin-EDB, tenascin-C, 

TGF-p, CTGF and avp6 integrin) (Hakkinen et al, 2000a; Hakkinen et al, 2000c; 

Larjava et al., 2002). Procollagen and the small leucine-rich proteoglycans (decorin, 

biglycan, fibromodulin and lumican) were also studied, as they are important for 

extracellular matrix homeostasis (Alimohamad et al, 2005; Hakkinen et al, 1993; 

Hakkinen et al, 2000b; Hakkinen and Csiszar, 2006 in press in press; Matheson et al, 

2005). Lastly, we immunolocalized SOS-1, an intracellular molecule that regulates key 

signaling cascades initiated from both growth factor receptors and integrin-type 

extracellular matrix receptors (Hakkinen and Csiszar, 2006 in press in press). SOS-1 was 

of particular interest because a mutation in a region coding for this gene eliminates the 

area responsible for maintaining the gene in a down-regulated state, rendering it active. 

The activated form of SOS-1 was found to be associated with gingival overgrowth seen 

in HGF (Dale etal, 1990). 
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The present study confirmed that key molecular differences exist between the marginal 

gingiva and interdental papilla in health (Table 12). CK19 was immunolocalized in the 

epithelium of the papilla; however, only localized basal cells at tips of rete ridges stained 

positively in the marginal gingiva. In accordance with prior studies, areas of the papilla 

where CK19 was expressed throughout the epithelium corresponded to non-keratinized 

epithelium, namely sulcular and junctional epithelium (Dale et al, 1990). However, it is 

also possible that CK19 expression in the epithelium may have been upregulated by the 

presence of inflammation (Ouhayoun et al, 1990). Areas with staining limited to basal 

cell corresponded to epithelium of the interdental papilla. Integrin av(36 was also 

expressed in the oral epithelium of the papilla, while it was absent in marginal gingiva. 

Compared to healthy marginal gingiva, the relative staining intensity of biglycan, 

fibromodulin, lumican, TGF-P 1,2,3, CTGF and SOS-1 was stronger in the papilla. 

Normally, CTGF is expressed by endothelial cells and fibroblasts and is not seen in the 

epithelium; however, CTGF can be expressed by keratinocytes in vitro. 

Although differences exist in the expression of certain molecules in the epithelium of the 

interdental papilla and marginal gingiva, their functional roles have yet to be understood. 

By virtue of its location with respect to the cementoenamel junction, the interdental 

papilla has deeper probing depths compared to marginal gingiva. Furthermore, it is 

located near proximal tooth surfaces, which may be associated with root concavities that 

trap plaque. Such features surrounding the papilla create an environment that is more 

prone to inflammation than the marginal gingiva. In the present study, only areas with 

minimal inflammatory cell infiltrates were examined. Inflammation may contribute to 

increased CK19 expression (Ouhayoun et al, 1990). Because CK19 expression was 
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observed throughout the epithelium of the papilla, it is possible that a mild inflammatory 

infiltrate in one area of the tissue may have affected more distant sites. Integrin avp6 is 

not regulated by inflammation (Haapasalmi et al, 1995), in fact, its expression is 

increased in gingival wounds when inflammation is reduced (Hakkinen et al, 2000a). 

Thus, we can conclude that localization of avp6 integrin in the papilla is a specific 

characteristic of the epithelium itself. One can further postulate that since avP6 integrin, 

which is normally absent in health, was expressed in the epithelium of the interdental 

papilla, CK19 may also be present independent of inflammation. Integrin avP6 is also 

expressed in gingival wounding (Haapasalmi et al, 1996; Hakkinen et al, 2000a) and 

can activate immunosuppressive TGF-p (Sheppard, 2005). In turn, active TGF-P can 

upregulate its own expression, as well as that of CTGF, in epithelium and connective 

tissue (Leask and Abraham, 2004; Leivonen et al, 2005). Therefore, expression of avp6 

integrin in the epithelium of the papilla may be the cause of the increased epithelial and 

connective tissue cell associated staining of TGF-P and CTGF in the papilla relative to 

the marginal gingiva. 

TGF-P plays a key role in the inflammatory response, and in conjunction with CTGF, it 

regulates extracellular matrix deposition, including expression of type I collagen (Frazier 

et al, 1996). Since staining intensity for procollagen was stronger in the extracellular 

matrix of the papilla compared to the marginal gingiva, it is possible that TGF-P may 

have a similar function in the papilla. Yet another function of TGF-P, is to upregulate 

fibronectin-EDA, fibronectin-EDB and tenascin-C (Linnala et al, 1995; Pearson et al, 

1988). Expression of these molecules was stronger in the connective tissue of the 

interdental papilla than the marginal gingiva. In fact, fibronectin-EDB was not expressed 
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in the marginal gingiva. This is an interesting finding since expression of these 

molecules is also induced during gingival wound healing (Hakkinen et al, 2000a; 

Larjava et al., 2002). Compared to marginal gingiva, epithelial and cell associated 

staining for SOS-1 was also upregulated in the papilla. SOS-1 mediates intracellular 

signaling cascades induced by growth factors and integrin-type cell adhesion receptors 

important in wound healing (Hakkinen and Csiszar, 2006 in press in press; Nimnual and 

Bar-Sagi, 2002). Hence it is not surprising that we found increased expression of SOS-1 

in wounded epithelium and connective tissue. Increased expression of avp6 integrin, 

TGF-P, CTGF, type I procollagen, fibronectin- EDA, fibronectin-EDB, tenascin-C and 

SOS-1 suggests that the interdental papilla resembles wound tissue. 

Although previously described, the relevance of a stronger staining intensity for biglycan, 

fibromodulin and lumican in the epithelium of the papilla is not clear (Alimohamad et al, 

2005; Bianco et al, 1990; Schaefer et al, 2000). The small leucine-rich proteoglycans 

(decorin, biglycan, fibromodulin and lumican) regulate collagen fibrillogenesis in 

periodontal tissues and can serve as signaling molecules that regulate cell functions 

(Ameye and Young, 2002; Hildebrand et al, 1994; Hocking et al, 1998). In addition, 

decorin, biglycan and fibromodulin can inactivate TGF-P by binding to it (Hildebrand et 

al, 1994). Decorin, biglycan, fibromodulin and lumican were strongly localized to 

collagen fiber bundles in the interdental papilla. Since these proteoglycans limit lateral 

growth of collagen fibrils (Ameye and Young, 2002; Hocking et al, 1998; Matheson et 

al, 2005), this may explain the presence of parallel thin collagen fiber bundles in the 

papilla, compared to the thick interwoven ones seen in marginal gingiva. Although the 

small leucine-rich proteoglycans were localized to collagen fibrils, the relative staining 
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intensity for fibromodulin and lumican was reduced in the connective tissue of the 

interdental papilla. Furthermore, expression of biglycan was increased and that of 

fibromodulin decreased in blood vessels of the papilla. Differences in expression of the 

small leucine-rich proteoglycans in the papilla compared to the marginal gingiva may 

result in unique cellular functions of the two anatomic locations. 

Extent of interdental bone loss is also a determining factor for the limited regeneration 

ability of the interdental papilla (Zetu and Wang, 2005). If the vertical distance from the 

crestal bone to the interproximal contact between two teeth is greater than 5 mm, 

regeneration of the interdental papilla becomes unpredictable (Tarnow et al, 1992). A 

similar finding was noted around single implant restorations (Choquet et al, 2001). 

Furthermore, once the interdental papilla is lost as a result of disease or surgery, the 

surrounding marginal gingival cells may be unable to recreate the phenotypic properties 

of the cells inherent in the papilla. This may also contribute to the limited regeneration 

seen in the interdental papilla. Therefore, in addition to limiting the distance between the 

contact and alveolar bone crest, papilla preservation and regeneration should also focus 

on preserving the existing papilla as a source of specific cells during surgical procedures. 
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Table 12. Summary of expression of molecules of interest in the interdental papilla 

relative to marginal gingiva in health. 

Antibody Relative Expression 

Interdental Oral E C M F B L B V 
Epithelium 

C K 1 9 t 0 0 0 

Integrin avP6 t 0 0 0 

Decorin 0 t 0 0 

Biglycan t t - t 

Fibromodulin t I -

Lumican t I - -

Procollagen 0 t t -

F N - E D A 0 t t -

F N - E D B 0 t t t 

Tenascin-C 0 t 0 -

TGF-01A3 t 0 t t 

C T G F t 0 t -

SOS-1 t 0 t t 

t : Upregulated; -l: Down regulated; -: N o change; 0: Not expressed; E C M : 

extracellular matrix; F B L : fibroblasts; B V : blood vessels. 
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6.2 Comparison of marginal gingiva in health and HGF 

Healthy and HGF biopsies obtained from similar anatomic origins were compared. This 

was a unique feature of the study, as prior experimental designs did not differentiate 

between marginal gingiva and interdental papilla. Comparisons were made only between 

marginal gingival samples, as the number of biopsies obtained from HGF interdental 

papilla was limited. Structural and molecular differences were noted and found to be 

distinct. 

The molecular phenotype of the marginal gingiva in health and HGF are distinct. CK19 

was expressed in the epithelium in HGF, yet only localized tips of rete ridges were 

positive in healthy marginal gingiva. This was a novel finding, as CK19 expression has 

only been described in sulcular and junctional epithelium (Dale et al, 1990). We have 

also described CK19 expression in healthy interdental papilla in this study. Integrin 

avp6, usually associated with gingival wound healing (Haapasalmi et al, 1996; Hakkinen 

et al, 2000a), was also immunolocalized to the epithelium in HGF, but was not present in 

healthy marginal gingiva. Inflammation is not a characteristic feature of gingival 

overgrowth (Shafer, 1983b); however, gingival pseudopocketing creates a favorable 

environment for bacterial accumulation and growth, and render oral hygiene difficult. 

Inflammation may prevail under such circumstances. Although we only examined biopsy 

samples with minimal inflammatory infiltrates, the possibility exists that a minute amount 

of localized inflammation may affect adjacent and/or distant tissues. As discussed 

previously, CK19 expression (Ouhayoun et al, 1990), but not avP6 integrin may be 

upregulated by inflammation (Haapasalmi et al, 1995). Since both molecules were 
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present in H G F , it is likely that C K 1 9 and avP6 integrin expression was independent of 

inflanimation and likely an inherent characteristic of the epithelial cells. 

Compared to healthy marginal gingiva, expression of TGF-p, C T G F and SOS-1 were 

upregulated in the epithelium, fibroblasts and blood vessels of H G F . A similar pattern of 

expression was also found in healthy interdental papilla and in gingival wound healing. 

SOS-1 is involved with intracellular signaling cascades, which are stimulated by growth 

factors and cell adhesion receptors involved in wound healing (Hakkinen and Csiszar, 

2006 in press in press; Nimnual and Bar-Sagi, 2002). A mutation in the gene locus that 

codes for SOS-1 has been associated with H G F 1 . Since SOS-1 antibody is made against 

a peptide that resides in an area mutated in H G F 1 , any patient with this genetic mutation 

would lack staining for SOS-1. Because SOS-1 expression was evident in all o f our 

patients, we can conclude that they did not have H G F 1 . Activation of the SOS-1 

pathway in these patients may occur via another mechanism than the SOS-1 mutation 

present in H G F 1 . Therefore, other mutations in H G F may affect the same pathway i.e. 

SOS-mediated signaling pathway, which may be important in the pathogenesis of H G F . 

Since SOS-1 expression in H G F and wound healing were similar i.e. upregulated, it is 

possible that H G F is a form of spontaneous overhealing of a wound without the physical 

presence of a wound. 

Increased expression of avP6 integrin seen in H G F may activate TGF -P (Sheppard, 

2005), which in an autocrine and paracrine fashion increases it's own expression, as well 

as that of C T G F (Leask and Abraham, 2004; Leivonen et al, 2005). Healthy marginal 

gingiva was organized into the typical basket-weave pattern o f thick bundles of collagen 
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fibers. Unlike normal gingiva, collagen fiber bundles were densely packed together and 

oriented either parallel to one another or in multiple directions in HGF. Compared to 

health, procollagen expression in disease was upregulated in the extracellular matrix, 

fibroblasts and blood vessels. This may be a consequence of increased growth factor 

expression, as together, CTGF and TGF-P regulate extracellular matrix deposition 

(Frazier et al, 1996). CTGF may be important in the pathogenesis of HGF because it 

mediates the profibrotic effects of TGF-P and its expression is upregulated in certain 

fibrotic conditions (Blom et al, 2002). Staining intensity for fibronectin-EDB and 

tenascin-C was also relatively stronger in the extracellular matrix in HGF than health. 

Furthermore, connective tissue and cell associated staining for fibronectin-EDB was 

found in HGF, but not in healthy marginal gingiva. TGF-P may be the underlying 

mechanism of increased fibronectin-EDB and tenascin-C expression (Linnala et al, 

1995; Pearson et al, 1988). Among its many functions, TGF-P is vital in wound healing, 

tissue regeneration, stimulation of fibroblast proliferation, extracellular matrix production 

and epithelial cell migration and proliferation. 

Fibromodulin, biglycan and lumican expression was increased in oral epithelium, while 

biglycan and lumican were also upregulated in the extracellular matrix in HGF. In 

addition, fibroblast associated staining for biglycan, fibromodulin and lumican, and blood 

vessel associated staining for fibromodulin and lumican were relatively stronger in HGF. 

Decorin, biglycan and fibromodulin may inhibit TGF-P activity (Hildebrand et al., 1994) 

and in conjunction with lumican are also important in collagen fibrillogenesis (Ameye 

and Young, 2002; Hildebrand et al, 1994; Hocking et al, 1998). Biglycan and lumican 

are increased in response to tissue injury (Boykiw et al, 1998; Saika et al, 2000; Scott et 
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al, 1995; Scott et al, 1996; Soo et al, 2000), while decorin initially decreases during 

scar formation (Sayani et al, 2000; Scott et al, 1998; Zhu et al, 2004) (Table 14). It is 

conceivable that the increased staining intensity for antibodies against small leucine-rich 

proteoglyans in HGF may be partly a compensatory mechanism to limit the fibrotic 

effects of TGF-(3. However, there is no information to date about these molecules in 

HGF. 

Marginal gingiva in HGF differs from that in health. Increased expression of avP6 

integrin, biglycan, lumican, TGF-P, CTGF, procollagen, fibronectin-EDB, tenascin-C 

(Boykiw et al, 1998; Hakkinen et al, 2000a; Larjava et al., 2002; Soo et al, 2000) and 

SOS-1 suggests that marginal gingiva in HGF not only resembles wound tissue, but also 

healthy interdental papilla. CK19 is not normally present in wounds, but is may be 

expressed in HGF to various degrees. Localized basal cells positive for CK19 have 

however been described in scar tissues of the skin (Fu et al, 2005). We didn't 

differentiate whether HGF is a spontaneous initiation of the wound healing pathway or 

rather an expansion of the papillary tissue to the marginal area. However, we have 

demonstrated that the molecular phenotype of marginal gingiva in HGF is similar to that 

of healthy interdental papilla and that both are comparable to gingival wound tissue. 

Molecules involved in wound healing are also upregulated in human interdental papilla. 

It is not clear whether this specific phenotype is inherent to cells of the papilla or whether 

cells are activated by the presence of mild localized inflammation present even in 

clinically healthy tissues. However, it is of note that processes involved in both drug-

induced gingival overgrowth and HGF begin at the interdental papilla and subsequently 
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spread to the marginal gingiva (Hakkinen and Csiszar, 2006 in press in press). Hence, it 

is possible that in the presence of hereditary gene mutations, the specific activated 

phenotype of the cells in the papilla may predispose the tissue to gingival overgrowth. 
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Table 13. Summary of expression of molecules of interest in HGF marginal gingiva 

relative to healthy marginal gingiva. 

Antibody Relative Expression 

Oral Epithelium E C M F B L B \ 

CK19 t 0 0 0 

Integrin avp6 t 0 0 0 

Decorin 0 - 0 0 

Biglycan t t t -

Fibromodulin t - t t 

Lumican t t t t 

Procollagen 0 t t t 

FN-EDA 0 - - -
FN-EDB 0 t t t 

Tenascin-C 0 t 0 -

TGF-p\ 2 ,3 t o- f t 

CTGF t 0 t t 

SOS-1 t 0 t t 

t : Upregulated; 4-: Down regulated; -: No change; 0: Not expressed; E C M : 

extracellular matrix; FBL: fibroblasts; B V : blood vessels. 
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6.3 Comparison of HGF marginal gingiva and palatal attached gingival wounds 

TGF-Pi2,3, CTGF and SOS-1 were irnmunolocalized in healthy, as well as wounded 

palatal attached gingiva. To our knowledge, there is no published data about expression 

of these molecules in wounded gingival tissues. Previous studies have shown that palatal 

and marginal gingiva are similar with respect to expression of avP6 integrin and tenascin-

C (Hakkinen et al, 2000a), procollagen, decorin, biglycan, fibromodulin and lumican 

(Alimohamad et al, 2005; Hakkinen et al, 1993) and fibronectin-EDA and -EDB 

(Larjava et al., 2002). In the present study, we also found that localization of TGF-Pi;2,3, 

CTGF and SOS-1 were comparable in healthy palatal attached gingiva and marginal 

gingiva. Therefore, the molecular composition is similar in marginal gingiva and palatal 

attached gingiva; however, both differ from the interdental papilla. 

Expression of TGF-Pi2,3, CTGF and SOS-1 was also compared in wounded palatal 

attached gingiva in health and marginal gingiva in HGF (Table 14). Such a comparison 

was important in our attempt to understand whether these molecules of interest were 

involved in initiating gingival overgrowth or i f they were the result of the disease. In the 

first two weeks after wounding, SOS-1 and TGF-Pi;2,3 prevailed in the wound epithelium 

and connective tissue. However, at day 14 there was a shift from TGF-Pi2,3 to CTGF 

expression, the latter of which dominated in late wound healing and continued to increase 

in wounded connective tissue (Figure 18). Therefore, TGF-Pi2,3 expression was 

upregulated in early wound healing of palatal gingiva and decreased in late wound 

healing. A similar finding was noted in HGF, where TGF-pi 2,3 expression was elevated. 

Expression of SOS-1 and TGF-P123 had normalized in the epithelium at 60 days post-

injury; however, wound connective tissue contained more blood vessels and fibroblasts 
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immunoreactive for these molecules than seen in unwounded gingiva. CTGF expression 

had not normalized at day 60 post-wounding (Figure 18). HGF is similar to early 

gingival wound healing with respect to TGF-Pi 2,3 expression. Considering that gingival 

overgrowth seen in HGF is fibrotic in nature, our results are consistent with prior studies 

which found that TGF-P was over-expressed in keloids and keloid derived fibroblasts 

(Lee et al, 1999). The increased cell associated staining with CTGF and SOS-1 seen in 

late wound healing was also similar to HGF. CTGF, a cytokine believed to be a 

downstream mediator of TGF-P, increases proliferation and differentiation of fibroblasts 

and synthesis of matrix molecules (Bradham et al, 1991). CTGF has not only been 

implicated in fibrosis (Brigstock, 1999), but it's level of expression was found to be 

positively correlated with the level of fibrosis (Igarashi et al, 1996). Determining the 

expression pattern of SOS-1 in health and wound healing was thought to be important, 

because of the association between SOS-1 and HGF1. 
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Table 14. Major differences in HGF and palatal gingival wounds compared to healthy 

marginal gingiva. 

HGF WOUND 
CK19 t strongly induced in BC Not expressed in wounds. CK19 positive cells are 

scant in basal layer of scar tissue in the skin (Fu et 
al, 2005) 

Integrin av|J6 T expression is induced in 
localized areas of BC 

t expression in keratinocytes 7-14 days after human 
gingival wounding, when epithelial sheets fuse 
(Haapasalmi et al, 1996; Hakkinen et al, 2000a) 

Decorin No difference in staining 
intensity, but T association 
with collagen fibers in CT 

Initially | during scar formation, but is similar to 
health in later stages of scaring (Sayani et al, 2000; 
Scott etal, 1998; Zhu etal, 2004). It may be 
upregulated during adult rat skin wound healing 
compared to fetal scarless wound healing (Soo et 
al, 2000). 

Biglycan T staining intensity in BC, 
immediate suprabasal layer 
and CT. There are more FBL 
with immunoreactivity for 
biglycan 

T in mature scars (Scott etal, 1995; Scott et al, 
1996) and adult wound healing (Soo et al, 2000). t 
in response to injury of rabbit ligaments (Boykiw et 
al, 1998). 

Fibromodulin t in BC of E. There are 
more F B L and B V with 
immunoreactivity for 
fibromodulin 

No change in response to tissue injury of the rabbit 
ligament (Boykiw et al, 1998) or in pig skin wound 
healing (Wang et al, 2000) 

Lumican t in B C and suprabasal cells 
& CT matrix. There are 
more F B L & B V with 
immunoreactivity for lumican 

Injured mouse corneal epithelium transiently 
expresses lumican during the early phase of wound 
healing (Saika et al, 2000). t in response to tissue 
injury of rabbit ligaments (Boykiw et al, 1998). 

Procollagen T in CT matrix and more B V 
& F B L with 
immunoreactivity for 
procollagen 

Changes in matrix composition during 
inflammation and wound healing are regulated not 
only by altered phenotypes of the cells that produce 
the matrix, but also by the t response of these cells 
(e.g. procollagen) to TGFp, (Hakkinen etal, 1996). 

E: epithelium; CT: connective tissue; HGF: hereditary gingival fibromatosis; SS: stratum spinosum; 

SG: stratum granulosum; BC: basal cells; B M Z : basement membrane zone; FBL: fibroblast; BV: 

blood vessels 
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Table 14 continued. Major differences in HGF and palatal gingival wounds compared to 

healthy marginal gingiva. 

H G F W O U N D 
FN-EDB 

Tenascin-C 

T G F - p U , 3 

C T G F 

SOS-1 

f in BMZ & CT matrix. 
There are more BV and FBL 
with immunoreactivity for 
FN-EDB 

T in CT matrix in association 
with collagen fibers 

T in E and more FBL & BV 
with immunoreactivity for 
TGF-p, 2>3 

T in E and more FBL & BV 
with immunoreactivity for 
CTGF 

t in E and more FBL & BV 
with immunoreactivity for 
SOS-1 

T at 4-14 days post wounding in mice (Singh et al, 
2004) and at the base and edges of skin wounds in 
rats (Ffrench-Constant et al, 1989). Upregulated in 
granulation tissues of human oral mucosal wounds 
at 7-28 days after wounding (Larjava et al., 2002). 

t expression under migrating epithelial front and 
granulation tissue during matrix deposition in oral 
mucosal wound repair (Hakkinen et al, 2000a) 

T compared to health. TGF-Pi 2are over-expressed 
in keloids and keloid derived fibroblasts, while 
TGF-p3 was comparable to health (Lee et al, 
1999). Whether or not TGF-p3 is scar inducing is 
study dependant. Peak TGF-P levels found during 
fibroblast proliferation and collagen synthesis phase 
of healing (Cromack etal, 1987). TGF-Pi 2,3is 
increased in early wound healing, returning to 
baseline levels thereafter (Hakkinen unpublished 
data). 

T compared to health. Level of expression 
correlated with degree of fibrosis in human skin 
biopsies (Igarashi et at., 1996). CTGF steadily 
increases and peaks during late wound healing and 
remains elevated even at 60 days post-wounding 
(Hakkinen unpublished data). 

No published data available to date. SOS-1 is 
increased in early wound healing and remains 
elevated even at 60 days post-wounding (Hakkinen 
unpublished data). 

E: epithelium; CT: connective tissue; HGF: hereditary gingival fibromatosis; SS: stratum spinosum; 

SG: stratum granulosum; BC: basal cells; BMZ: basement membrane zone; FBL: fibroblast; BV: 

blood vessels 
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Figure 18. Summary of wound healing events in the palatal gingiva. 



7 Conclusions and Future Directions 

7.1 Conclusions 

• The molecular composition of healthy marginal gingiva is distinct from 

healthy interdental papilla. 

• Molecules normally induced in gingival wound healing (avP6 integrin, 

fibronectin-EDA, fibronectin-EDB, tenascin-C, procollagen, TGF-P, 

CTGF and SOS-1) are also upregulated in healthy interdental papilla, 

suggesting that cells in the papilla are either in an activated state or 

inherently display the phenotypic markers associated with wound healing. 

• The molecular composition of marginal gingiva in HGF differs from that 

in health. Because the phenotypic markers associated with marginal 

gingiva in HGF resemble gingival wounds, it is possible that gingival 

overgrowth in HGF is a result of a wound healing response without the 

presence of a wound. 

• The fact that HGF marginal gingiva also shows similarities to healthy 

interdental papilla suggests that HGF marginal gingiva may be an 

expansion of the interdental papilla. 

7.2 Future Directions 

Papilla regeneration as a result of periodontal surgery is frequently a desire, more than a 

reality, as its regeneration is highly unpredictable. Determining the molecular differences 

between healthy marginal gingiva and interdental papilla is clinically invaluable to 

understand the factors that regulate papilla regeneration. Although anatomic factors are 

an important cause of the limited regeneration ability of the papilla, specific molecules 
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may also play a vital role. A better understanding of the molecular phenotype of the 

papilla would enable researchers to develop molecular therapies that selectively promote 

the growth of appropriate cells. 

It is possible that HGF is a spontaneous initiation of the wound healing pathway or 

merely an expansion of the papillary tissue to the marginal area. The focus of future 

studies should be on understanding the specific gene mutations involved in the various 

forms of HGF and correlating these mutations to clinical and histological changes. 

Deciphering the functions of these genes would provide new tools for diagnosis, 

prevention and treatment of HGF, drug-induced gingival overgrowth and other fibrotic 

diseases. 
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