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ABSTRACT

Gingival hyperplasia (OH) occurs almost exclusively as an adverse side-effect of the 

administration of three different types of drug with anti-epileptic, immunosuppressive and 

calcium channel-blocking activity. The most commonly used drugs under these categories 

are phenytoin, cyclosporin A and nifedipine, respectively. In order to prevent the occurrence 

and to improve the efficacy of clinical treatment of GH, it is essential to understand the 

molecular basis of GH; however, the precise mechanism(s) by which these drugs cause GH is 

not yet known. GH is characterised by a markedly increased thickness of the epithelium with 

elongated finger-like projections extending deep into the underlying connective tissue, 

suggesting the involvement of mitogenic factors for epithelial cells. Keratinocyte growth 

factor (KGF) is a potent and specific growth factor, which is produced by mesenchymal cells 

and acts exclusively on epithelial cells via the KGF receptor (KGFR). KGF and KGFR both 

have been implicated in benign prostate, mammary and other hyperplasias, and it is possible 

that this growth factor and its receptor could also be involved in the pathogenesis of GH. The 

present study was therefore undertaken to compare the expression of KGF and KGFR in GH 

tissues with that in normal gingiva (NG) at both the protein and RNA levels, using 

immunohistochemistry and the reverse transcriptase-polymerase chain reaction (RT-PCR), 

respectively. Enzyme-linked immunosorbant assay (ELISA) and flow cytometry (FCM) 

were used to evaluate the effects of the different drugs on the production of KGF and KGFR 

by normal human gingival fibroblasts and epithelial cells, respectively, and effects of the 

drugs were also examined on the activities of KGF and KGFR genes in vitro. The results 

have shown that KGF and KGFR are up-regulated in GH compared with NG tissues and also 

in response to the drugs in vitro, and suggest that KGF and its receptor play a fundamental 

part in the molecular pathology of GH.
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Chapter 1

CHAPTER 1

INTRODUCTION AND REVIEW OF LITERATURE

1.1 OVERVIEW

Hyperplasia is characterized by an abnormal increase in the volume of a tissue associated 

with an elevated number of constituent cells and excessive accumulation of extracellular 

matrix (ECM) (Bartold 1989; Marshall and Bartold 1998). A common histopathological 

feature of hyperplasia is increased thickness of the epithelium, with attenuated and 

elongated rete pegs extending deep into the underlying connective tissue (CT) layer 

(Finch et al. 1997; Steiner et al. 1999). The CT usually contains densely arranged 

collagen bundles and numerous enlarged fibroblasts. The diseased tissue is also highly 

vascularised, often with foci of inflammatory cells, predominantly plasma cells and to a 

lesser extent lymphocytes (Rateitschak-Pluss et al. 1983). Hyperplastic lesions have 

been observed in many tissues, including prostate, breast and gingiva (De Beilis et al. 

1998; Butler et al. 1987). Gingival hyperplasia (GH) is unique in that it occurs almost 

exclusively as an adverse side-effect of three different groups of drug with diverse 

structure and ftmction (Butler et al. 1987). The precise mechanisms underlying the 

aetiology and pathogenesis of hyperplastic growth are not yet established, but recent 

studies have suggested that growth factors may play an important part in the molecular 

pathology (Modeer and Andersson 1990; Plemons et al. 1996; Nares et al. 1996) by 

causing increased cell proliferation, reduced apoptosis and deregulation of the production 

and turnover of the ECM (Powers et al. 2000).

Keratinocyte growth factor (KGF) is the seventh member of the fibroblast growth factor 

(FGF) family and is unique in its epithelial cell target specificity (Rubin et al. 1989). 

Previous studies have suggested that KGF plays a fimdamental part in epithelial growth
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Chapter 1

during embryogenesis (Finch et al. 1995a) and in the adult, both in the physiological 

process including wound healing (Werner et al. 1992) and in pathological processes 

ranging from inflammation to neoplasia, such as inflammatory bowel disease (Brauchle 

et al. 1996), prostate hyperplasia (De Beilis et al. 1998) and breast cancer (Koos et al. 

1993). However, the role of KGF in drug-induced GH has not yet been evaluated.

1.2 GINGIVA

1.2.1 Anatomical components of the gingiva

The gingiva is that part of the oral mucosa which covers the alveolar processes of the 

jaws and surrounds the teeth (Carranza and Newman 1996). It is a distinct anatomical 

and functional unit, comprising three different regions: marginal, attached and interdental 

(Figure 1.1). The marginal gingiva is the terminal edge of gingiva, with an uppermost 

region called the crest and forming a collar around the tooth. Since it is not firmly 

attached to the tooth, it forms a V-shaped space with the tooth, termed the gingival sulcus 

or crevice. Externally and at its apical limit marginal gingiva displays a shallow 

depression, the free gingival groove, which demarcates the marginal from the subjacent 

attached gingiva. The latter is firmly attached to the underlying periosteum of the 

alveolar bone and extends from the gingival groove to the mucogingival line, and is then 

continuous with the alveolar mucosa (Figure 1.2). The third gingival region, the 

interdental, occupies the space between two adjacent teeth and arises from the marginal 

and attached gingivae (Carranza and Newman 1996).
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Attached gingiva 
Marginal gingiva 
Interdental gingiva

Free gingival groove 
Mucogingival line 
Alveolar mucosa

Figure 1.1. Photograph showing the main anatomical components of normal 

gingiva.

Sulcular epithelium

Junctional epithelium

Outer oral epithelium  

Cementum 

Periodontal ligament 

Alveolar bone

Marginal gingiva

Attached gingiva

4 ' A

Enamel
Gingival sulcus 

Gingival crest 

Free gingival groove

Periosteum
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Figure 1.2. Schematic representation of the gingiva and associated structures.
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1.2.2 Histological components of the gingiva

Histologically, the gingiva is composed of epithelium and CT. The latter contains fibres, 

nerves, blood and lymphatic vessels, separated from the epithelial component by a 

basement membrane (basal lamina) (Carranza and Newman 1996).

1.2.2.1 Gingival epithelium

The gingival epithelium is a continuous layer that covers and protects the underlying CT. 

The gingival epithelium varies morphologically and histologically at different sites 

(Crawford and Hopp 1990; Mackenzie et al. 1991). It comprises of three zones: i) the 

keratinized outer, oral, gingival epithelium, covering the marginal and attached gingiva; 

ii) the non-keratinized sulcular or crevicular epithelium, forming one wall of the gingival 

sulcus; and iii) the junctional epithelium, providing the attachment of the epithelium to 

the tooth surface (Figure 1.2).

The outer, oral, gingival epithelium is stratified, squamous composed of four layers: i) 

basal (stratum basale); ii) spinous or prickle cell (stratum spinosum); iii) granular 

(stratum granulosum) and iv) comified (stratum comeum) (Figure 1.3). The basal layer 

consists of cuboidal and columnar cells that actively proliferate and undergo a series of 

defined morphological and biochemical changes during differentiation and migration 

towards the surface. Spinous cells are relatively larger and polyhedral in shape and form 

the thickest of all the layers of the gingival epithelium. In the granular layer, the cells are 

more flattened and contain keratohyalin granules in their cytoplasm. In the most 

superficial layer the cells are markedly flattened, closely aligned and frequently contain 

no nuclei or cytoplasmic organelles, but are tightly packed with keratin and considered as 

orthokeratinized. These cells however, occasionally retain their nuclei and are referred to
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as parakeratinized (immature keratinization). In addition, cells of non-ectodermal origin, 

including Langerhans cells, melanocytes and Merkel cells, with a wide range of functions 

may also present in the gingival epithelium (Bartold ei al. 2000). In marked contrast to 

the outer, oral, gingival epithelium, both the sulcular and junctional epithelia are non- 

keratinized and consist of basal and spinous cell layers only.

The major components of the ECM of the gingival epithelium are glycoproteins such as 

integrins, and proteoglycans such as hyaluronan, decorin and syndecan, with no fibrous 

protein. These components have a role in cell-to cell adhesion, adhesion to the tooth 

surface and to the basement membrane, and also play an important part in the diffusion of 

water, nutrients and toxic materials through the epithelium (Bartold et a i 2000).

Gianulai layei

. . GE • : Spinous cell layei

------- Rete pegs

Figure 1.3. Histology of normal gingiva. Note rete pegs appear as a series of 

depressions of the gingival epithelium towards the CT and projections of the CT towards 

gingival epithelium.
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1.2.2.2 Gingival CT

The gingival CT, the lamina propria, is located immediately beneath the gingival 

epithelium. The CT is highly organised and vascularised and accounts for the major 

portion of gingival tissue volume (Carranza and Newman 1996) (Figure 1.3). It protects 

the tooth root and alveolar bone from the external oral environment. In addition, it aids 

in the support of teeth within their alveolar housing and also supports the gingival 

epithelium (Bartold 1989).

The CT contains both cellular and non-cellular components. The primary cell is the 

fibroblast, which is mesenchymal in origin and is spindle-shaped. The principal fimction 

of fibroblasts is the synthesis of ECM. In addition, fibroblasts also play a major part in 

tissue homeostasis by secreting matrix metalloproteinases (MMPs) that are capable of 

degrading collagens, proteoglycans and other matrix components (Birkedal-Hansen et al. 

1993). These MMPs interact with tissue inhibitors of MMPs (TIMPs) and regulate the 

turnover of ECM (Yamada et al. 2000). Disruption of these regulatory mechanisms 

results either in a net gain or loss of CT and is manifested as either overgrowth or 

destruction of the tissue (Reynolds and Meikle 1997; Marshall and Bartold 1998). 

Although fibroblasts have previously been considered uniform, recent evidence indicates 

that they are heterogeneous both morphologically and functionally (Hassell and Stanek 

1983; Tipton et al. 1991; Schor et al. 1996).

The non-cellular constituents of the CT include both fibrous and non-fibrous components. 

Fibrous components are collagens (predominantly type I) and elastin, while non-fibrous 

components are fibronectin, laminin and tenascin, and proteoglycans such as hyaluronan. 

In addition, the CT also contains adhesion molecules, proteases and growth factors 

(Bartold et al. 2000).
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1.2.2.3 £pithelium-CT interface

The interface between gingival epithelium and CT is a highly specialised anatomical 

structure termed basement membrane (basal lamina). This separates these two layers of 

heterogeneous nature and regulates interactions between the cells of epithelial and CT 

origin (Smola et al. 1998). The basal lamina is composed of proteoglycans and collagens 

originating from both epithelium and CT. Microscopically it appears as a series of 

projections of the CT towards the epithelium and depressions of the epithelium towards 

the CT, forming “rete ridges” or “rete pegs” (Stanley et al. 1982) (Figure 1.3). Such 

structures are prominent in the outer oral epithelium, less prominent across the gingival 

crest and in sulcular epithelium and absent in junctional epithelium.

1.3 DISEASES OF THE GINGIVA

Gingival diseases comprise a diverse group of pathological conditions (Carranza and 

Newman 1996). Broadly, however, they can be classified into two main categories 

(Armitage 1999): i) dental plaque-induced and ii) non-plaque-induced.

Dental plaque-induced gingival diseases may be further sub-classified as those: a) with or 

without local contributing factors; b) modified by systemic factors; c) associated with 

medications and manifested as hyperplastic lesions; and d) associated with malnutrition. 

Although this classification considers GH as a plaque-induced disease, the association 

between plaque and GH is still controversial, because it is not yet clear whether GH is 

initiated by plaque and subsequently exacerbated by medication or GH induced by 

medication leads to the retention of plaque by interfering with oral hygiene measures 

(Niimi et al. 1990; Marshall and Bartold 1998).
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The second group, non-plaque-induced gingival diseases, includes gingival lesions of 

specific bacterial, fungal or viral origin, for example, acute necrotising ulcerative 

gingivostomatitis, acute herpetic gingivostomatitis and candidosis. In addition, this 

group includes a very wide range of conditions, for example, lesions of genetic origin, 

gingival manifestations of dermatological diseases and allergic and inflammatory 

reactions.

1.4 GINGIVAL HYPERPLASIA (GH)

A diverse group of gingival lesions, from inflammatory to cancerous in nature, manifest 

clinically as hyperplasia. However, in this thesis, GH refers particularly to drug-induced 

hyperplasia. GH occurs as an adverse side-effect associated with the administration of 3 

major categories of drugs: anti-epileptic, immunosuppressive and calcium-channel 

blocking.

1.4.1 Drugs inducing GH

1.4.1.1 Anti-epileptic drugs: Phenytoin (PHT)

Anti-epileptic drugs are used for the treatment and prevention of epilepsy, a central 

nervous system (CNS) disorder characterised by sudden and transitory episodes of 

convulsions (seizures) of motor, sensory, autonomic or psychic origin (Hassell et al. 

2000). The anti-epileptic drugs prevent convulsions by acting selectively on 

pathologically altered neurones. This group of drugs includes phenobarbitone, 

primidone, carbamazepine, ethosuximide, valproic acid and phenytoin (Rang et al. 1995). 

PHT (5-sodium-diphenylhydantoin) is apparently the most effective and thus most widely 

used anti-epileptic drug. It depresses the motor cortex of the CNS by stabilising neuronal
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discharge and limiting the progression of neuronal excitation, thus protecting the nervous 

tissue from the repetitive effects of motor activity. This is achieved through its effect on 

cell membrane permeability, which regulates the transportation of sodium, potassium and 

calcium ions that are involved in the generation of an action potential along nerve fibres 

(Woodbury 1980).

PHT is an acidic compound with poor solubility in water and is usually administered 

orally as a sodium salt, which is slowly absorbed by the gastrointestinal tract 

Approximately 80-90% of plasma PHT is bound to albumin, and has a half-life of about 

20 h. PHT is metabolised in the liver by cytochrome 450, metabolites and unchanged 

PHT being excreted in urine, mainly as glucuronides (Richens 1980). The clinically 

effective serum level for treating epilepsy is between 10-20 pg/ml, levels greater than 

20 pg/ml producing dose-related broad spectrum side-effects involving the skeletal, 

endocrine, hepatic and immune systems, and also disturbance of CT function as seen in 

GH (Modeer et al. 1986)

1.4.1.2 Immunosuppressive drugs: Cyclosporin A (CsA)

Immunosuppressive drugs are used primarily to prevent rejection following organ 

transplantation and to treat various autoimmune disorders, including thrombocytopenic 

purpura, rheumatoid arthritis, bullous pemphogoid, pemphigus, multiple sclerosis, lupus 

erythematosus (Seymour and Jacobs 1992). Immunosuppressive drugs may be grouped 

as follows: corticosteroids (for e.g. prednisone and prednisolone), azathioprine and 

cyclosporin A (CsA). There is substantial evidence that renal transplant patients taking 

corticosteroids and azathioprine do not develop GH, whereas this side-effect develops 

very frequently in patients treated with CsA (Seymour et al. 1987).
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CsA is a lipophilic, fungus-derived peptide (Wong et al. 1993). Because of its potent 

immunosuppressive activity, CsA is currently the most widely used drug following 

kidney, liver, heart and other organ transplants. CsA binds to an intracellular receptor 

termed cyclophilin. Subsequently, the resulting CsA-cyclophilin complex binds to and 

inhibits the activity of the calcium- and calmodulin-dependent phosphatase, calcineurin, 

which is involved in the activation and regulation of Ca^^-mediated signal transduction 

processes (Liu et al. 1991). In the active stage, calcineurin causes dephosphorylation of 

the cytosolic component of a nuclear factor in activated T lymphocytes (NF-AT) and 

induces transcription of genes required for T cell activation, including interleukin-2 

(IL-2). By inhibiting the activity of calcineurin, CsA inhibits the clonal expansion of 

T cells by blocking the IL-2 gene (Schreiber and Crabtree 1992). In addition, CsA leads 

to the decreased production of IL-2-dependent T cell cytokines such as macrophage 

migration inhibition factor, interferon-y (IFN-y) and granulocyte-macrophage colony 

stimulating factor (GM-CSF), resulting in decreased immune reactivity (Kalman and 

Klimpel 1983). Moreover, CsA also interferes with the differentiation of T lymphocytes 

into helper cells, resulting in immunosuppression and thereby prolonged survival of 

transplanted organs (Seymour and Heasman 1988). CsA also affects other 

immunocompetent cells including B cells, macrophages and dendritic cells, as well as 

non-haematopoietic cells such as endothelial cells, although to a much lesser extent 

(Borel et al. 1977; Hess et al. 1982).

The usual daily oral dose of CsA for the maintenance of immunosuppressive activity is 

10-20 mg/kg body weight, giving rise to a serum concentration of 100-400 ng/ml. It is 

well-absorbed from the gastrointestinal tract and stored in various organs, including liver 

and lung, which results in further slow re-distribution into the blood even after cessation
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of long-term therapy (Atkinson et al. 1982). The plasma half-life of CsA is 17-40 h and 

the drug is metabolised in the liver by the enzyme cytochrome 450, most of the 

metabolites being excreted via the bile, with only 10% being excreted through the 

kidneys. The main adverse effects of CsA include nephrotoxicity, neurotoxicity, 

hepatotoxicity, hypertension and fibrotic lesions of the renal, pulmonary and gingival 

tissues (Wysocki et at. 1983; Farnsworth et at. 1984).

1.4.1.3 Calcium channel-blocking drugs: Nifedipine (NIF)

The drugs of this group are widely used to treat cardiovascular disorders including 

vasospastic anginas, chronic stable angina and ventricular arrythmias, hypertension and 

some forms of acute myocardial infarction. Calcium is involved in the initiation of both 

smooth and cardiac muscle contraction and in progression of the cardiac impulse, and 

these drugs inhibit the influx of extracellular calcium ions across cell membranes as well 

as inhibit calcium mobilisation from intracellular stores in cardiac and vascular smooth 

muscle cells. This is attained by blocking calcium-dependent adenosine triphosphatase 

activity without affecting serum calcium levels (Nyska et al. 1994). By inhibiting 

calcium influx, calcium channel-blocking drugs reduce high-energy phosphate utilisation, 

cellular oxygen consumption and contractile processes, resulting in dilation of coronary 

and systemic arteries (Rang et al. 1995).

Based on chemical structure and action. Rang et al. (1995) classified the calcium 

channel-blocking drugs as class I: phenylalkylamine derivatives such as verapamil, class 

II: dihydropyridine derivatives such as NIF and class III: benzothiazine derivatives such 

as diltiazem.
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NIF is highly hydrophobic, soluble only in organic solvents such as alcohol or 

polyethylene glycol. The usual effective dose is 30 to 60 mg daily. It is rapidly and 

almost completely absorbed after sublingual administration, reaching a peak serum 

concentration in 1 to 3 h, with approximately 98% bound to plasma proteins. The plasma 

half-life of NIF is 3 to 4 h. It is metabolised in the liver by the enzyme cytochrome 450 

and excreted predominantly by the kidney. Although some cases of GH have also been 

reported with diltiazem and verapamil, GH is more commonly associated with the 

administration of NIF (Miller and Damm 1992).

1.4.2 Incidence of GH

The average incidence of GH varies with each of the drugs described and has been 

reported to be approximately 50% (range 0 to 84.5%), 30% (range 8 to 70%) and 25% 

(range 0.5 to 83%) for PHT, CsA and NIF, respectively (Wysocki et al. 1983; Seymour et 

al. 1996). The wide variation in reported incidence may be due to the unequal number of 

cases observed in the different reports and the lack of universally accepted criteria for 

evaluating GH clinically (Butler et al. 1987). However, a higher rate of incidence with 

greater severity has been reported with combined drug therapy (Thomason et al. 1993). 

The rate of occurrence of GH also appears to be associated with a number of other 

factors, including genetics, duration and dose of drugs, serum and salivary drug 

concentration and dental plaque. In addition, the age and sex of the patients have been 

reported as important factors, young males being the most susceptible (Seymour et at. 

1996). The true incidence of GH attributable to an individual drug is difficult to 

determine because patients often receive multiple drug therapy, affecting disease 

occurrence and severity (Seymour and Jacobs 1992).

31



Chapter 1

1.4.2.1 Genetic predisposition to GH

Only a proportion of, and not all, patients receiving PHT, CsA and NIF develop GH, 

suggesting the concept of ‘responders’ and ‘non-responders’ to these drugs. In addition, 

a wide variation in susceptibility is observed among drug responders (Seymour et al. 

1996). This has led to the view that genetic predisposition could be an important 

determining factor for the development of GH. Moreover, the variable individual 

response may be related to the presence of morphologically and functionally distinct 

subpopulations of fibroblasts responding differentially to the drug (Hassell and Gilbert 

1983; Tipton et al. 1991). Genetic polymorphism of various factors related to this lesion, 

including enzyme cytochrome P450 genes, may play an important role in determining the 

occurrence of GH, because this enzyme family is involved in the metabolism of all 3 

groups of hyperplasia-inducing drugs (Thomason et al. 1996).

1.4.2.2 Duration and drug concentration

The correlation between drug duration, concentration and the occurrence of GH is still 

controversial (Klar 1973; Penarrocha-Diago et al. 1990). It has been reported that a 3 

week to 6 month period is required for the initiation of GH, whereas no relationship of 

increased drug duration with severity of GH was observed (Wysocki et al. 1983; 

Seymour et al. 1987; Ishida et al. 1995).

There is evidence that certain ‘threshold’ plasma concentrations of the drugs are essential 

for initiation of GH, even though no direct correlation has been reported between serum 

concentration and severity of GH (Daley et al. 1986). Notably, these threshold levels 

have been observed to be close to the range of therapeutically effective concentrations 

(Nishikawa e/fl/. 1996).
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Salivary concentrations of PHT, NIF and CsA have also been shown to be correlated 

directly with the occurrence and severity of GH, presumably by maintaining higher drug 

levels in the gingival environment (Hefti et al. 1994). The form in which drug is 

administered appears significant, the liquid form producing a higher concentration 

(Modeer et al. 1992). In addition, drug concentration in saliva is also influenced by the 

amount present in gingival crevicular fluid (Ellis et al. 1992) and dental plaque 

(Steinberg et al. 1981 ; Niimi et al. 1990).

1.4.2.3 Role of dental plaque

The role of dental plaque in the pathogenesis of GH is contradictory and has yet to be 

established (Seymour and Smith 1991). GH itself interferes with oral hygiene, facilitates 

accumulation of plaque and undoubtedly exacerbates the GH pathology (Marshall and 

Bartold 1998). On the other hand, plaque has been suggested as an initiating factor since 

these drugs, particularly PHT and CsA, have been shown to be retained in plaque by local 

absorption, thereby acting as a local drug reservoir (Steinberg et al. 1981; Niimi et al. 

1990) and overcoming the inhibitory effect of bacterial lipopolysaccharide and 

stimulating the proliferation of fibroblasts (Bartold 1989). Whatever the mechanism, 

poor oral hygiene appears to increase the severity of GH, while an adequate plaque 

control programme reduces the severity (Modeer and Dahllof 1987). However, GH has 

been observed in germ-free rats fed with CsA-containing diet (Nyska et al. 1994; Ishida 

et a l 1995), suggesting that dental plaque is a secondary rather than an initiating factor.
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1.4.3 Clinical pathology of GH

GH varies clinically from non-inflamed, firm, fibrous to an oedematous, haemorrhagic 

appearance with a tendency to bleed spontaneously or on slight provocation (Figure 1.4). 

It usually begins at the interdental papillae in a lobular form, while at later stages it may 

affect the entire gingiva and extend coronally, interfering with occlusion, mastication and 

speech (Marshall and Bartold 1998). GH tends to be more conspicuous buccally than 

lingually, more severe in mandible than maxilla and more prominent in relation to 

anterior teeth (Butler et al. 1987). GH may also impede adequate oral hygiene, resulting 

in a greater risk of infection and a higher incidence of caries and periodontitis 

(Williamson e/fl/. 1994).

1.4.4 Histopathology of GH

The overall histological features of GH induced by the different drugs are 

indistinguishable, despite their diverse pharmacological properties (Marshall and Bartold

1998). Unlike NG, in GH the outer, oral gingival epithelium is keratinised or 

parakeratinized with retained nuclei in the comified cell layer. The outer, oral gingival 

epithelium is increased in thickness, reported approximately 10-fold greater than that of 

the NG (0.3 - 0.5 mm) (van der Wall et al. 1985) and associated with elongated, branched 

rete pegs extending deep into the underlying CT (Figure 1.5). Both intact and 

degranulated mast cells were reported in the epithelium of GH and considered to be 

important for cellular turnover (Mariani et al. 1996), although in a recent study GH was 

observed in mast cell-deficient mice, suggesting that these cells are not involved 

primarily in the pathogenesis (Asahara et al. 2000).
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Marginal gingiva

Interdental gingiva 
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Interdental gingiva

Attached gingiva

Figure 1.4. Photograph showing typical clinical appearance of normal gingiva (A) 

and hyperplastic gingiva (B). Note thin, knife-edge contour of NG. B CsA-induced 

GH. Note diffuse enlargement of marginal, attached and interdental gingivae, extending 

towards and covering part of the crown in GH.

The CT in GH generally contains an increased number of fibroblasts and irregularly 

arranged dense collagen fibres accompanied by increased amounts of non-collagenous 

proteins (Butler et al. 1987; Dongari et al. 1993), although increased volume of 

individual fibroblast rather than total numbers have been reported in few studies (Rostock 

et al. 1986; McGaw and Porter 1988). The CT of GH is more vascularized than NG, with 

focal accumulations of inflammatory cells, predominantly plasma cells, and lymphocytes 

to lesser extent (Rateitschak-Pluss et al. 1983).
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Figure 1.5. Histopathology of hyperplastic gingiva. Note thickened epithelium with 

branched elongated rete pegs and persistence of nuclei in the cells of the comified layer.

1.4.5 Aetiopathology of GH

The precise mechanisms underlying the initiation of hyperplastic growth are not yet 

established. It has been suggested that it is basically due to the deregulation of normal 

mechanisms of cellular homeostasis (Seymour et al. 1996). Studies of hyperplasia in 

other tissues have implicated a wide range of etiologic factors, including growth factors. 

There is substantial evidence in support of a role of growth factors in the molecular 

pathology of hyperplastic disease, because they are involved in cell proliferation and 

inhibition of apoptosis, resulting in increased cellular activities (Powers et al. 2000).

1.4.5.1 Growth Factors

Growth factors are polypeptides with a molecular weight generally between 5,000 and 

30,000 kD. They are synthesised by many types of cell, including macrophages.
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fibroblasts, endothelial and epithelial cells, and exert effects either on the neighbouring 

cells or on the secreting cells, in a paracrine or autocrine manner, respectively. Growth 

factors not only play a vital role in growth during development but also in adults, 

maintaining tissue homeostasis by regulating cellular proliferation and differentiation. 

Cells utilise multiple growth factors as signalling molecules to communicate with each 

other and with their environment (Spom and Roberts 1991). In addition, effects of an 

individual growth factor often depend upon local environment, including ECM (Irwin et 

al. 1994) and the presence or absence of other growth factors, thus mutually modulating 

their activities (Bartold et al. 2000).

Growth factors exert their effects through binding to cell surface receptor proteins present 

on target cells which are linked either to guanine nucleotide-binding proteins (G-proteins) 

or enzymes, such as protein-tyrosine kinases and tyrosine phosphatases. Both G-protein 

and enzyme-linked receptors are involved in the regulation of synthesis of a number of 

second messengers, including cyclic AMP and cyclic AMP-dependent protein kinases A 

and C, phospholipase C, cyclic GMP, phospholipids, and Ca^^- and GTP-binding proteins 

(e.g. Ras, Raf), that subsequently transduce the signal from the plasma membrane to the 

nucleus and result in changes in gene expression (Alberts et al. 1998).

1.4.5.2 Fibroblast Growth Factor (FGF)

Fibroblast Growth factor (FGF) is a family of structurally related heparin binding 

peptides, implicated in diverse biological activities in a wide range of cells during 

development and also in adults (Martin 1998). They are also involved in a number of 

pathological conditions, including tumour growth and metastasis (Basilico and Moscatelli

37



Chapter 1

1992; Zetter 1998). At the time of writing, the FGF family comprises 22 distinct but 

structurally related factors: FGF 1-10, FGF homologous factors 1-4 (FHFs 1- 4/FGF 11- 

14) and FGF 15-22 (Hajihosseini et al. 2001). Although the members of the FGF family 

share a high degree of amino acid sequence homology, they have distinct functional 

activities suggesting the presence of different receptor recognition sites in each member 

(Reich-Slotky e /û/. 1995).

FGF 7, the factor investigated in this thesis, was isolated originally from human 

embryonic lung fibroblasts as a mitogen specific for epithelial cells (Rubin et al. 1989). 

Among all the members of FGF family, it is unique because of its target cell specificity, 

while all other FGF have a broader range of cell activity (Rubin et al. 1989). However, 

another member of this family (FGF 10/KGF 2) has been recently identified and has been 

shown to be mitogenic for both epithelial and fibroblast cells (Jimenez and Rampy 1999).

1.5 FGF 7 (KERATINOCYTE GROWTH FACTOR)

Based on its specific activity on epithelial cells, FGF 7 was subsequently named 

keratinocyte growth factor (KGF) (Finch et al. 1989). The KGF gene is located on 

chromosome 15 and is transcribed as two alternative mRNA, primarily of 2.4 kb and less 

abundantly as a 5 kb transcript. The promoter region of KGF comprises 966 nucleotides 

and contains several transcriptional regulatory sequences, including nuclear factor (NF) 

A l, IL-6, IL-1, cAMP response element (Finch et al. 1995b). Although one or more 

androgen receptor (AR)-binding sites were postulated in the rat KGF promoter region 

(Fasciana et al. 1996), Finch et al. (1995) failed to identify such AR-binding sites in the 

promoter region of human KGF mRNA. Nevertheless, 2 oestrogen-response motifs, and 

another sequence differs by only 1 bp from the glucocorticoid response element were
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identified. Notably, this region is able to bind the androgen activated AR (Roche et al. 

1992), therefore it is possible that the AR-DHT complex controls KGF expression 

through this site by cooperation with other transcriptional factors binding adjacent 

promoter elements (Gaub et al. 1990).

The coding sequence of KGF has 30 - 45% homology with the other members of the FGF 

family in the carboxy-terminal two-thirds (Basilico and Moscatelli 1992). It encodes 194 

amino acids with an apparent molecular weight of 21 kD, including a classical 

hydrophobic signal sequence at the NHz-terminal region for membrane secretion. 

However, KGF of higher molecular sizes (26 - 28 kD) has been identified in mammalian 

cells, which are likely to be the result of N-linked glycosylation (Brauchle et al. 1994). 

KGF has been shown to be produced in vivo and in vitro by various types of 

mesenchymal cells, primarily fibroblasts from different sources, and by microvascular 

endothelial cells (Smola et al. 1993). It has also been detected in developing facial bone 

and in skeletal and visceral smooth muscles (Winkles et al. 1997). Furthermore, KGF 

has been reported to be expressed by activated yôT lymphocytes, but not in other types of 

lymphocytes or monocytes/macrophages (Boismenu and Havran 1994; Finch et al. 1996). 

Since KGF activity is mediated through binding to a specific receptor (the KGFR) 

located on epithelial cells, this factor is reported to be one of the important mediators of 

mesenchymal-epithelial interactions in human embryonic organogenesis during 

development (Finch et al. 1995a), and in tissue homeostasis in adult life (Werner et al. 

1994a). However, the unexpected expression of KGF and KGFR in other tissues, whose 

development and/or differentiation is not regulated by mesenchymal-epithelial 

interactions, as noted above, suggests that there may be other unknown functions of KGF 

in these tissues.
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1.5.1 Functions of KGF

1.5.1.1 KGF as a mitogen

KGF was initially identified on the basis of its mitogenic activity on a mouse keratinocyte 

cell line (BALB/MK) (Rubin et al. 1989) and reported to induce proliferation of human 

kératinocytes by 6-fold (Marchese et al. 1990). A thickened epidermis with elongated 

rete pegs resulting from increased proliferation of epithelial cells was demonstrated with 

systemic as well as topical application of exogenous KGF in vivo (Staiano-Coico et al. 

1993; Yi et al. 1994). Werner et al. (1994) observed a highly atrophic and disorganised 

epidermis with decreased proliferation of kératinocytes in the transgenic KGFR knockout 

mice, thus suggesting an important role of KGF on the proliferation of kératinocytes and 

epidermal morphogenesis, although Guo et al. (1996) found no abnormalities in 

epidermal growth or wound healing in KGF-knockout mice.

In addition. Pierce et al. (1994) demonstrated that KGF plays an important role in the 

growth, development and differentiation of hair follicles, which was further supported by 

induction of hair growth with the application of KGF in conditions such as 

chemotherapy-induced alopecia (Farrell et al. 1998). Moreover, a decreased number of 

hair follicles (range 60 to 80%), with altered morphology in the transgenic KGFR 

knockout mice, were observed by Werner et al. (1994) and Danilenko et al. (1995).

1.5.1.2 KGF and wound healing

Re-epithelialisation is considered to be one of the initial and major steps of the wound 

healing process and is promoted by mitogenic factors that act on epithelial cells. Both 

naturally occurring and recombinant KGF (rKGF) have been reported to enhance the 

wound healing process by stimulating the migration and proliferation of kératinocytes
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(Wemer et al. 1992; Staiano-Coico et al. 1993; Pierce et al. 1994). The migration of the 

epithelial cells is facilitated by the urokinase type plasminogen activator activity of KGF 

that dissipates the fibrin clot of the wound area (Tsuboi et al. 1993). In addition, KGF 

participates in matrix re-modelling of wound tissue by stimulating the synthesis of 

epithelial tissue specific MMPs (Putnins et al. 1995), particularly MMP-10 (Madlener et 

al. 1998). Moreover, KGF enhances the rate of wound healing by stimulating 

neovascularization acting directly on the microvasculature endothelial cells (Gillis et al. 

1999) and indirectly influencing the synthesis of angiogenic factors, such as vascular 

endothelial cell growth factor (VEGF) and platelet derived growth factor (PDGF) in 

kératinocytes (Frank et al. 1995; Wu et al. 1996). Moreover, Wemer et a l (1994a) 

demonstrated a relatively reduced level of KGF in conditions, such as diabetes mellitus, 

which are accompanied by impairment of healing. These findings, thus suggest a pivotal 

role of KGF in the wound healing process.

1.5.1.3 KGF as a protective agent

KGF has been observed to protect the epidermis from chemotherapy- and radiation- 

induced injury (Yi et al. 1996; Ulich et al. 1997; Farrell et al. 1998). The exact 

mechanism underlying this function is not well understood, but it may be mediated via a 

KGF regulated gene (KRG) particularly KRG-1 (Frank et al. 1997). Based on the 

structural homologies, the protein encoded by KRG-1 is considered to be the human 

homologue of bovine glutathione peroxidase (Shichi and Demar 1990), which is a 

scavenger of reactive oxygen species, including free oxyradicals and peroxides.

Reactive oxygen species cause tissue injury in a number of physiological and 

pathological conditions including, wound healing and inflammatory diseases, such as
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periodontitis (Shapira et al. 1991; Ames and Shigenaga 1992) and even may lead to 

neoplastic transformation upon prolonged exposure (Pentland 1994). Thus, by inducing 

glutathione peroxidase, KGF appears to have an important role in the detoxification of 

these molecules and thus in protecting various tissues fi-om the reactive oxygen species- 

induced injury.

1.5.1.4 KGF and cell cycle

Another novel KRG gene in kératinocytes (KRG-2) has recently been identified. The 

protein encoded by this gene was found to have structural similarity to a ‘close 

homologue of L I’ (CHL 1) gene product, involved in cell cycle progression and correct 

chromosomal transmission and therefore, a similar fimction is proposed for the protein 

encoded by KRG-2 (Frank and Wemer 1996). Moreover, the putative fimction of this 

newly identified KGF-regulated protein in the cell cycle is strengthened by the presence 

of two PEST (pro, glu, ser, thr) sequences, which are unique to cell cycle proteins (Bai et 

a l 1994).

1.5.2 Regulation of KGF

KGF, as other growth factors, has been shown to be regulated by a number of growth 

factors, cytokines and steroid hormones (Brauchle et al. 1994; Peehl and Rubin 1995).

1.5.2.1 Regulation of KGF by other growth factors

Strong induction of KGF immediately after skin injury suggests an effect of serum- 

derived growth factors on KGF (Wemer et al. 1992). Subsequently, up-regulation of 

KGF in vitro was shown in response to both whole serum and purified serum growth
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factors, although none of the purified serum growth factors was found to be as potent as 

whole serum, suggesting a stronger synergistic effect of all factors present in serum 

compared to any individual growth factor. Platelet-derived growth factor (PDGF) was 

reported to be the most potent stimulator of KGF, whereas epidermal growth factor 

(EGF), transforming growth factor a  (TGF a) were less efficient (Brauchle et al. 1994)). 

Kératinocytes have been shown to secrete a number of factors that regulate KGF 

production by fibroblasts (Hoekman et al. 1990). Parathyroid hormone-related protein 

(PTHrP) is one such factor, which regulates KGF production by fibroblasts in a paracrine 

manner interacting with the PTHrP receptor expressed by fibroblasts (Blomme et al.

1999). A possible interaction of this protein and KGF has been suggested by Foley 

(1997) in the maintenance of tissue homeostasis. Elevated levels of PTHrP observed in 

activated kératinocytes during re-epithelialization might account for up-regulation of 

KGF in fibroblasts during the wound healing process (Blomme et al. 1999).

1.5.2.2 Regulation of KGF by cytokines

Elevated levels of KGF were reported to be maintained in the later as well as in the early 

stages of the wound healing (Wemer et al. 1992), suggesting that KGF is regulated by 

factors which are involved in the later stages of wound healing. These factors include 

cytokines such as IL-1, IL-6 and tumour necrosis factor-a (TNF-a), which are secreted 

by polymorphonuclear leukocytes and macrophages that infiltrate the wound within the 

first 24 hours of injury. Subsequently, a strong induction of KGF by IL-1, IL-6 and 

TNF-a has been reported in murine 3T3 and human dermal fibroblasts (Brauchle et al. 

1994; Chedid et al. 1994). This cytokine-induced KGF activity was further confirmed 

both in vivo (Brauchle et al. 1995) and in vitro (Chedid et al. 1996), where reduced
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both in vivo (Brauchle et al. 1995) and in vitro (Chedid et al. 1996), where reduced 

production of KGF in response to anti-inflammatory steroids, including glucocorticoids 

was demonstrated. Notably, no such inhibitory effect on KGF production was detected 

with non-steroidal anti-inflammatory drugs (Brauchle et al. 1995). Nevertheless, up- 

regulation of KGF in response to these cytokines is expected, because IL-1 and IL-6 

response elements are present in the KGF gene promoter region (Finch et al. 1995b).

1.5.2.3 Regulation of KGF by steroids

The sex hormones, both male and female, have been reported to affect the production of 

KGF (Peehl and Rubin 1995). It has been reported that androgen has no direct effect on 

epithelial cells, however acts on epithelial cells through factors, including KGF, produced 

by the mesenchymal cells (Alarid et al. 1994). This was further supported by the 

observation that growth of the prostate gland is inhibited in the presence of a KGF- 

specific neutralizing antibody (Sugimura et al. 1996). Notably, KGF has also been 

shown to exert similar activity to that of testosterone on the growth of prostate and 

seminal vesicles in organ cultures, suggesting that KGF mimics the activities of 

androgens (Sugimura et al. 1996). Subsequently, Thomson et al. (1997) showed that 

anti-androgens are able to block KGF-stimulated development of these organs and 

suggested the possibility that KGF may interact with androgen receptor signalling.

Similar to testosterone, stimulatory effects of progesterone and oestrogen on KGF have 

also been described in endometrium, ovarian follicles and mammary glands (Koji et al. 

1994; Parrot and Skinner 1998; Pedchenko and Imagawa 2000).

Other factors such as metabolites of vitamin A (retinoic acid) and vitamin D affect gene 

transcription by interacting with their specific receptors, which are members of the
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Steroid hormone receptor superfamily (Alberts er «/. 1983). An increased level of KGF 

has been shown in response to retinoic acid (Mackenzie and Gao 2001) and vitamin D 

(Lyakhovich et al. 2000) in gingival fibroblasts and in a breast cancer cell line (MCF-7), 

respectively.

1.6 GROWTH FACTOR RECEPTORS

The biological activities of growth factors are mediated by cell surface proteins, termed 

growth factor receptors. They are involved in many cellular processes, including binding 

to ligands and uptake of ligands into cells, signal transduction, and sorting and recycling 

of receptors. The expression of growth factor receptor is therefore likely to be of crucial 

importance in normal developmental as well as pathological processes (Powers et al. 

2000).

Growth factor receptors are transmembrane antigens consisting of three domains: 

extracellular, transmembrane and intracellular. The extracellular domain binds to growth 

factor and transmits the ligand-bound signal to the intracellular domain. The 

transmembrane domain comprises a unique sequence of 23-25 hydrophobic amino acids, 

predominantly leucine, valine, isoleucine, alanine and glycine. The main function is to 

link together the extra and intracellular domains of the receptor. A part of the 

transmembrane domain, termed the juxtamembrane region, extends into the cytoplasm. 

The cytoplasmic domain plays an essential role in transmission of ligand-binding events 

to the nucleus through a series of intracellular reactions (Spom and Roberts 1991).
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1.6.1 FGF receptors (FGFR)

The target cells of FGF have been shown to possess specific FGFR. FGF bind to two 

different classes of receptor: i) ‘low-affinity’ non-signalling receptors; and ii), ‘high- 

affmity’ signalling receptors which have tyrosine kinase activity. The binding constants 

of the high affinity receptors are usually 10- to 100-fold greater than those of the low 

affinity receptors (Basilico and Moscatelli 1992).

16.1.1 Low-affinity non-signalling receptors

The low affinity binding sites for FGF, including KGF, are heparan sulphate 

proteoglycans (HSPG). They are present on the cell surface and in the ECM of most 

vertebrate cells (Basilico and Moscatelli 1992). Several FGF molecules can bind to a 

single negatively-charged heparan sulphate molecule, low-affinity binding receptors 

thereby acting as a reservoir of FGF. In addition, these receptors also protect FGF from 

acidic, thermal and proteolytic degradation (Baird and Ling 1987).

Although low-affinity receptors bound to FGF do not transmit signals alone, the resulting 

multivalent FGF and heparan sulphate complexes accentuate dimerization of the 

receptors, which is essential for the activation of intracellular signalling protein (Omitz 

2000).

1.6.1.2 High-affinity signalling receptors

The high-affinity receptors for FGF belong to the tyrosine kinase superfamily of proteins. 

Four distinct FGFR (FGFR 1 - 4 )  with closely related structures have been identified, 

derived from a common ancestral gene. Multiple isoforms are formed from the same
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gene by alternative splicing of the mRNA, thus resulting in receptor variants with 

different ligand-binding specificities and affinities (Johnson et al. 1991).

The FGFR genes encode structurally related polypeptides, typical of receptor tyrosine 

kinase. The extracellular ligand-binding domain is composed of three immunoglobulin 

(Ig)-like loops (designated as loops I, II and III) with an acidic box of eight amino acids 

(mainly Asp or Glu) between I and II. The transmembrane domain connects the 

extracellular domain with the intracellular. The intracellular region includes the catalytic 

tyrosine kinase domain, which is split by a short kinase insert of 13 amino acids in 

between, and a COOH-terminal tail that contains tyrosines which undergo 

phosphorylation upon binding to ligand (Johnson et al. 1991) (Figure 1.6 A).

AB 111 TM  JM  K , IK K„ CT

B

Figure 1.6. General structure of FGFR. A. Schematic representation of FGFR(s).

S, signal peptide; loops I, II, III, immunoglobulin-like loops; AB, acidic box; TM, 

transmembrane; JM, juxtamembrane region; Ka , K b , protein tyrosine kinase domains; IK, 

kinase insert; CT, COOH-terminal tail. The COOH-terminal half of III is shown by a 

double line because it may be encoded by two alternative exons. B. KGFR with two 

Ig-like loops. Ig-like loop I, and the acidic box between Ig-like loop 1 and II are absent in 

the extracellular domain (Givol and Yayon 1992).

47



Chapter I

1.7 KGF RECEPTOR (KGFR)

KGFR is a splice variant of the VGVK-Hbek gene transcript, Illb and is transcribed as

3.1 kb (Miki et a l 1992). The promoter region of KGFR contains specificity factor 1 

(SP 1) binding site, which is present ubiquitously and acts as a nonspecific promoter 

element to identify the start site for transcription (Avivi et al. 1992). KGFR differs from 

FGFR-2 in a consecutive stretch of 50 amino acid residues at the carboxy-terminal half of 

the Ig-like loop III (48% identity), which contains the ligand-binding specificity. KGFR 

is identical to FGFR-2 except for the absence of the ‘acidic box’ between Ig-like loops I 

and II (Miki et al. 1992) (Figure 1.6 B). KGFR has been identified both in the 

transmembrane and soluble forms. The transmembrane form of KGFR contains either 

two or three Ig-like loops, with no detectable difference in binding affinity for KGF 

(Basilico and Moscatelli 1992) (Figure 1.6 B). However, they differ in size and in 

number of amino acids; the molecular sizes of isoforms containing two and three loops 

are 109 kD and 138 kD, respectively. The soluble form of KGFR contains only an 

extracellular ligand binding domain. This could modulate the response of target cells to 

KGF by regulating the availability of this growth factor to the receptor by acting as a 

competitor of transmembrane KGFR (Liu et al. 1998).

KGFR is expressed only by epithelial cells, not by cells of non-ectodermal origin, such as 

endothelial cells, smooth muscle cells and fibroblasts, (Finch et al. 1989; Rubin et 

a/. 1989). In addition to KGF, this receptor binds FGF 10 and acidic FGF (aFGF) with 

high affinity, and bFGF with a 20-fold lower affinity (Bottaro et al. 1990; Jimenez and 

Rampy 1999).
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1.7.1 Functions of KGFR

Since KGFR is localised on epithelial cells and its ligand, KGF is produced by 

mesenchymal cells, thus KGFR is involved in mediation of mesenchymal-epithelial 

interactions. KGFR plays an important role in epithelial growth, differentiation and 

migration by mediating the effects of KGF (Rubin et al. 1989), as described in section 

1.5.1. A highly atrophic, disorganised epidermis with decreased keratinocyte 

proliferation and delayed wound re-epithelialization was demonstrated by Wemer et al. 

(1994b) with targeted expression of a dominant negative KGFR mutation. This finding 

thus suggests the significance of KGFR in epithelial growth.

1.7.2 Regulation of KGFR

The mitogenic activity of KGF is mediated via KGFR (Finch et al. 1989). The sensitivity 

of the epithelial cells to KGF could be modified by various factors present in the 

surrounding biological environment. Pedchenko and Imagawa (1998) have shown that 

mammary epithelial cells respond to KGF more effectively in the presence of 

progesterone and prolactin, while the response was much less to KGF alone and in 

combination with either progesterone or prolactin. Although the exact mechanism(s) of 

these hormonal influences are not yet known, nevertheless progesterone has been shown 

to increase the stability of KGFR mRNA by reducing its turnover, while prolactin 

modifies KGFR-associated intracellular pathways rather than affecting the expression 

level of KGFR (Pedchenko and Imagawa 1998).

Calcium ion (Ca^^ has been shown to generate a regulatory effect on KGFR expression. 

Up-regulation of KGFR has been reported with increased concentration of Ca^  ̂in cell
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cultures (Marchese et al. 1997). A reduced level of KGFR has been observed in response 

to ultraviolet B (UV B), an anti-proliferative agent (Zbou et al. 1996; Finch et al. 1997), 

and Pborbol 12-myristate 13-acetate (PMA), an activator of protein kinase C, which plays 

a major role in the regulation of keratinocyte differentiation (Dlugosz and Yuspa 1993). 

Pro-inflammatory cytokines such as IL-6, IFN-y were reported to have no effect on 

KGFR (Finch et fl/. 1997).

1.8 FATE OF KGF AND KGFR

All FGF, including KGF are internalised following binding to their receptors through the 

process of endocytosis via plasma membrane pits coated with or without clathrin, which 

subsequently slowly degrades within the cell (Fannon and Nugent 1996; Marchese et al. 

1998). In the case of KGF, the KGF-KGFR complex is presumably moving towards the 

epithelial surface as an individual cell moves from the basal to the superficial layer 

during the course of terminal differentiation. However, whether the internalised KGFR 

recycles back to the surface or is lysed in the endosomal compartment of the cell is not 

yet known.

1.9 KGF AND KGFR IN HYPERPLASTIC LESIONS

Maintenance of tissue homeostasis involves complex interactions between growth factors 

and their receptors and other growth mediators present in the local environment; 

alteration in the balance of this interaction possibly results in pathological conditions 

(Seymour et al. 1996). Differences in the expression profiles of growth factors and 

receptors, including KGF and KGFR, have been reported with the progression of a 

disease process from normal tissue physiology. For example, an elevated level of KGF
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has been observed in inflammatory diseases involving various parts of the body, such as 

ulcerative colitis, Crohn’s disease and psoriasis (Brauchle et al. 1996; Finch et al. 1997). 

The levels of both KGF and KGFR have been reported to be higher in benign prostate 

hyperplasia and carcinoma compared with those of normal foetal and adult prostate 

(DeBellis et al. 1998; McGarvey and Steams 1995). Similarly, higher levels of KGF and 

KGFR have been detected in malignant breast tissues compared with the normal breast 

(Bansal et al. 1997). A relatively higher amount of KGF was also detected in pancreatic 

cancer (Siddiqi et al. 1995). Even though the aforementioned diseases are different in 

nature, all of them are manifested clinically and histologically as hyperplasia. Moreover, 

if hyperplastic lesions including GH are allowed to continue with no surgical 

intervention, they will progress in a similar manner and might undergo neoplastic 

changes with indistinguishable clinical appearance (Soames and Southam 1998; Varga 

and Tyldesley 1991). Therefore, in this thesis, GH has been compared with both 

hyperplastic and neoplastic lesions.

In addition, the distribution pattern of KGF and KGFR has also been reported to vary in 

pathology from that of the normal counterparts. For example, KGF was detected in the 

stromal tissues of normal prostate, while in benign prostate hyperplasia this growth factor 

was expressed by both mesenchymal and epithelial tissues (Planz et al. 1999). Similarly, 

KGFR is reported to be localised in the spinous cell layer of the epithelium of normal 

skin (LaRochelle et al. 1995), while this receptor was detected in the basal as well as the 

spinous layers of the epithelium in epidermal hyperplasia, such as in psoriasis (Finch et 

al. 1997).
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1.10 HYPOTHESIS

Gingival hyperplasia is an increasingly widespread problem, with treatment limited 

mainly to oral hygiene improvement and often repeated surgical intervention. The 

underlying mechanisms by which the different types of drugs described elicit this 

pathological response is not known, but studies of hyperplasias in other tissues, including 

gingival hyperplasia suggest that growth factors play a central role in the molecular 

pathology of these diseases. KGF, a potent epithelial cell mitogen, has been implicated 

in other hyperplasias (Koos et al. 1993; McGarvey and Steams 1995; DeBellis et al. 

1998), but has not yet been investigated in relation to GH aetiopathology. The hypothesis 

of this study is that KGF and its receptor, KGFR, are up-regulated by representative 

drugs that induce gingival hyperplasia.

1.11 AIMS

Based on the hypothesis that KGF and KGFR play an important part in drug-induced GH, 

the present study was carried out:

i) to determine the levels of KGF and KGFR in hyperplastic gingival tissues and 

to compare with those in normal gingiva;

ii) to evaluate the effects of hyperplasia-inducing drugs on KGF secretion and 

gene transcription in normal gingival fibroblasts in vitro\

iii) to evaluate the effects of hyperplasia-inducing drugs on KGFR expression and 

gene transcription in normal gingival epithelial cells in vitro.
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CHAPTER 2 

MATERIALS AND METHODS

2.1 COLLECTION OF CLINICAL SAMPLES

Clinically healthy normal gingival (NG) tissue was collected jfrom individuals with no 

systemic medications, either during routine crown lengthening surgical procedures or 

from gingiva firmly attached to the collar of extracted healthy third molar teeth. 

Inflammatory gingival (IG) tissue samples were collected from healthy individuals with 

no systemic medications during routine surgical removal of the diseased tissues. 

Redundant GH tissue samples were obtained during surgical removal of diseased gingiva 

as part of the routine clinical management of patients receiving CsA, NIF and PHT.

Sixty one biopsy samples comprising 30 NG (13 males and 17 females; age range 24 to 

56 years, mean age 36 ± 9); 12 IG (5 males and 7 females; age range 25 to 58 years, 

mean age 39 ± 12) and 29 GH (19 males and 10 females; age range 12 to 65 years, mean 

age 39 ± 19) were obtained. To maintain tissue integrity, the resected biopsies were 

placed immediately into tubes containing ‘transport medium’ consisting of Dulbecco’s 

modified Eagle Medium (DMEM) (Gibco, Life Technologies Ltd.; Paisley, UK), 10% 

foetal calf serum (PCS) (PAA Laboratories; Linz, Austria), 100 U/ml penicillin (Gibco), 

100 pg/ml streptomycin (Gibco) and 1% fimgizone (Gibco). The biopsy samples were 

divided into 3 portions: 1 portion was fixed in paraformaldehyde (PFA) (BDH) for 

histological studies, the second portion was used for explant and the third portion was 

immediately frozen in liquid nitrogen and stored at -70°C for protein and RNA isolation.
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2.2 PREPARATION AND EXAMINATION OF TISSUES

2.2.1 Haematoxylin and eosin (H and E) staining

The Department of Oral Pathology, EDI, prepared the biopsy samples for histological 

examination. In order to evaluate the histological features of the biopsy samples and to 

examine the orientation of epithelium and CT, one section from each sample was stained 

with H and E according to the protocol of Drury and Wallington (1967). Briefly, the 

sections (5 pm thick) were de-parafflnised by immersing twice in xylene (BDH Lab 

Supplies; Poole, UK) for 10 min each, rehydrated by treating with descending 

concentrations of ethanol (100% to 50%) (BDH), 1 min in each, and finally in distilled 

water for 5 min. The sections were stained with Mayer’s haematoxylin (BDH) for 1 min, 

washed in running tap water for 2-3 min and then placed in 1% HCl in 70% alcohol for 

10 sec. The sections were then washed in running tap water for 5 min followed by 

counter-staining with 1% aqueous eosin (BDH) for 2 min. Excess stain was washed off 

with water and the sections dehydrated in ascending concentrations of ethanol (from 50% 

to 100%), 1 min in each, immediately immersed in xylene and then mounted by DePex 

(BDH) using glass cover slips (BDH). The sections were viewed under the light 

microscope (Olympus BX 50) (Olympus Optical Co., Ltd.; Tokyo, Japan) and 

photomicrographs taken with Kodak 64T film using an Olympus PM-C35DX camera 

fitted with an Olympus PM-30 exposure control unit (Olympus Optical Co., Ltd.).

2.2.2 Immunohistochemistry for KGF and KGFR

Immunohistochemistry was carried out to examine the location and distribution pattern of 

KGF and KGFR using specific antibodies on paraffin-embedded tissue sections. A 

circular hydrophobic line was drawn around each tissue section on the slide using a
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Dakopen (Dako; Glostmp, Denmark) in order to prevent overflow of the antibody and 

also to minimise the amount of antibody required. All steps in this procedure were 

carried out at room temperature in a humid chamber unless stated otherwise. The 

sections were de-paraffinised and rehydrated, as described above (section 2.2.1). 

Endogenous peroxidase activity was inhibited by applying 0.5% H2O2 (Sigma; Poole, 

UK) in methanol (BDH) for 10 min, then washing 3 times with phosphate-buffered saline 

(PBS) (Gibco) for 5 min each. Non-specific protein binding sites were blocked by 

incubating the sections for 30 min with a blocking solution comprising 10% non-immune 

swine serum (Dako) in PBS, as the detecting antibody was raised in swine. The blocking 

solution was removed by gentle tapping of the slides onto an absorbent tissue followed by 

incubation with the primary antibodies against human KGF (R & D System; Abingdon, 

UK) and KGFR (anti-6gQ (Santa Cruz Biotechnology; CA, USA) raised in goat and 

rabbit, respectively, diluted in the blocking solution for 1 h (Table 2.1). The sections 

were then washed thoroughly 3 times with PBS for 5 min each and incubated with biotin- 

conjugated swine secondary antibodies against goat and rabbit for KGF and KGFR, 

respectively (Dako) (1:200) for 30 min, followed by washing with PBS. 

Immunoreactivity was detected by incubating the sections with ExtrAvidin peroxidase 

(Sigma) diluted in the blocking solution (1:80) for 30 min. The slides were then washed 

with PBS, and visualised by incubating with jfreshly prepared peroxidase substrate 

(diaminobenzidine; DAB) (Vector Laboratories, Inc.; Santa Cruz, CA, USA) for 

5-10 min and the reaction terminated by washing in tap water. The sections were 

subsequently counterstained with Mayer's haematoxylin for 45 sec, then placed under 

running tap water for 10 min, dehydrated, mounted and viewed as described (section
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2.2.1). In control sections, non-immune goat and rabbit sera replaced the primary 

antibodies specific for KGF and KGFR, respectively.

Table 2.1. Primary antibodies used for immunodetection of antigens

Antibody Specificity Dilution Source

Anti-KGF Mesenchymal cells 1:100 R & D System

AsxAi-bek Epithelial and Mesenchymal cells 1:50 Santa Cruz Biotech

5B5 Mesenchymal cells 1:100 Dako

MNF 116 Epithelial cells 1:100 Dako

2.2.3 Analysis of KGF in gingival tissue lysates

2.2.3.1 Preparation and measurement of total protein

Total protein fiom tissue samples was prepared as described by Koji et al. (1994). 

Briefly, tissue samples were thawed and homogenised with a tissue disrupter (BDH) in an 

eppendorf tube (Eppendorf; Cambridge, UK) containing 2ml of lysis buffer/g of tissue 

sample (wet wt). The lysis buffer consisted of 1.0 M NaCl, 20 mM Tris-HCl, pH 7.4,

5 mM EDTA and protease inhibitors [ImM phenylmethylsulfonyl fluoride (Sigma),

10 pg/ml aprotinin (Sigma), 10 pg/ml leupeptin (Sigma), and 10 pg/ml pepstatin 

(Sigma)]. The lysates were then centrifuged at 14,000 g  for 30 min at 4°C, and the 

supernatants transferred to a new tube and stored at -20°C.

The amount of total protein in the lysates was determined using the Bradford assay, based 

on the shift in absorbance of a dye (Coomassie blue in acidic solution) following
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interaction with protein (Bradford, 1976). The lysates were diluted 1:2, 1:5 and 1:10, and 

5 pi of each added to the wells of a 96-well microtitre plate (Immulon 4) (Dynex 

Technologies, Inc.; Chantilly, VA, USA) in triplicate. Then 150 pi of the Bradford 

reagent (Sigma) was added to each well for 1 h at room temperature and absorbance 

measured at 570 nm (A570) spectrophotometrically using a microtitre plate reader 

(Titertek Multiskan Plus; Helsinki, Finland). The absorbance of the dye itself was 

measured in triplicate in each experiment and referred to as background and subtracted 

from the absorbance values obtained for the protein samples.

A standard curve was generated using bovine serum albumin (BSA) (BDH) between 

0 .2  and 2 .0  mg/ml and approximated as linear (y = mx + c, x stands for an analytic 

concentration and y stands for absorbance) by plotting the absorbance values against the 

known concentration of BSA. Total protein concentrations in the tissue lysates were 

calculated using the equation obtained each time.

2.2.3.2 Measurement of KGF by ELISA

The amount of KGF in tissue lysates was determined using a capture ELISA procedure, 

based on utilization of a pair of monoclonal antibodies (mAbs), coating and detecting 

antibody, respectively. Schematic representation of this technique is shown in Figure 2.1. 

This assay was carried out using the protocol described by Ulich et al. (1997). Briefly, 

96-well microtitre plates were coated with 5 pg/ml of a mAb against human KGF 

(preparation number IG 4) (Amgen Inc.; Thousand Oaks, CA, USA) in carbonate- 

bicarbonate buffer (pH 9.6) and incubated at 4°C overnight. The antibody was decanted, 

the wells washed 3 times with PBS containing 0.5% Tween 20 (PBS-T) (BDH) followed 

by addition of 200 pi of PBS containing 1% (w/v) BSA for 1 h at room temperature, to
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Figure 2.1. Schematic representation of ELISA method. The ELISA plate is eoated 

with coating antibody and the detecting antibody detects the captured target protein. The 

colourless reaction is converted to a coloured end-product by the peroxidase substrate.

block the non-specific protein-binding sites. The wells were washed and 100 pi of the 

samples to be tested were added to wells and incubated for 2 h at room temperature. The 

washing step was repeated and the wells incubated for 30 min at room temperature with 

biotinylated mAh against human KGF (preparation number A 1) (Amgen), at a 

concentration of 20 ng/ml prepared in an assay diluent (PBS containing 0.2% BSA and 

0.02% Tween 20). The wells were washed again and the binding of the biotinylated mAb 

was detected using ExtrAvidin peroxidase, at a dilution of 1:1000, for 30 min at room
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temperature. The washing step was repeated and the wells then incubated with 100 pi of 

3,3', 5,5'-tetramethyl-benzidine (TMB) (ICN Biomedicals; Costa Mesa, CA, USA) in 

0.1 M citrate-phosphate buffer (pH 5.0) (BDH) containing 0.03% H2O2 for 30 min at 

37°C to visualise the reaction. The reaction was terminated by addition of 50 pi of 2 M 

H2SO4 (BDH) and the A450 measured as described. The plates were also read at A570, 

subtracted from the A450 to correct the optical imperfections in the plates.

A standard curve was constructed with recombinant KGF (rKGF) (Amgen) between 

0.3 and 5.0 ng/ml. The curve was approximated as linear by plotting the absorbance 

values against the known concentration of rKGF (y = mx + c, x stands for an analytic 

concentration and y stands for absorbance). The concentrations of KGF in test samples 

were calculated using this formula obtained at each experiment.

2.3 C E L L  P R E P A R A T IO N  A N D  C U L T U R E

The biopsy samples were washed several times with transport medium to remove excess 

blood and to ensure sterile conditions, followed by washing with PBS supplemented with 

100 U/ml of penicillin, 100 pg/ml of streptomycin and 1% of fungizone. Subsequently 

cell culture was carried out in a sterile aseptic environment using a Class II Flow Cabinet 

(MAT Ltd.; Manchester, UK).

2.3.1 C ultu re o f  fibrob lasts

The biopsy samples were used to obtain both fibroblasts and epithelial cells. After 

thorough washing biopsy samples were placed in ‘culture medium’ consisting of DMEM, 

10% heat-inactivated FCS, 2 mM L-glutamine (Gibco), 100 U/ml penicillin and
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100 |ig/ml Streptomycin, and cut into 1-2 mm^ pieces using a sterile disposable scalpel 

(Swarm Morton Ltd.; Sheffield, UK). The cut tissues (3 to 6 pieces) were placed in each 

of the wells of a 6-well tissue culture plate (Falcon, Becton Dickinson Labware; Oxford, 

UK) and covered with a No. 1 glass cover slip (BDH) to ensure attachment of the tissue 

pieces to the plates. Culture medium (approximately 2 ml) was added to each well and 

plates were incubated at 37°C in a humidified atmosphere of 5% CO2 in air. When an 

outgrowth of adherent cells was observed in the culture under a phase-contrast 

microscope (Telaval 31, Carl Zeiss; Germany), the medium was replaced twice weekly 

until the cells became confluent. The cultures were then passaged as described below 

(section 2.3.3).

The murine fibroblast cell line, 3T3, was obtained fi*om the American Type Culture 

Collection (Bethesda, MD, USA) and cultured in the same medium as that used for the 

human primary gingival fibroblasts. They were used as positive controls in the 

experiments described in Chapter 3.

2.3.2 Culture of epithelial cells

The epithelial layer of the biopsy samples was mechanically separated from the CT using 

forceps and a disposable scalpel. The epithelial layer was then cut into 1 mm^ pieces and 

transferred to 25 cm  ̂tissue culture flasks (Nunc; Taastmp, Denmark) containing 5 ml of 

keratinocyte basal medium-2 (KBM-2) supplemented with 7.5 m^ml whole bovine 

pituitary extract, 0.1 pg/ml recombinant human epidermal growth factor (rhEGF),

5 mg/ml insulin, 0.5 mg/ml hydrocortisone, 10 mg/ml transferrin, 0.5 mg/ml epinephrine 

and 50 pg/ml gentamycin (BioWhittaker; Wokingham, UK). The explants were 

incubated at 37°C in a humidified atmosphere of 5% CO2 in air, as for the fibroblasts.
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When individual colonies of adherent epithelial cells reached an average size of between 

50 to 200 cells, estimated visually, the medium was removed and the cell layer washed 

with 0.02% ethylenediaminetetra-acetic acid (EDTA) (BDH) in PBS. The culture was 

then incubated with EDTA at room temperature for 30 sec after which the cell layer was 

sprayed repeatedly and vigorously by pipetting with the EDTA solution, as described 

previously by Smola et al. (1993). This dislodges fibroblast-like cells and leaves 

epithelial cells firmly attached. The EDTA solution was then discarded and subsequently 

epithelial cells were detached from the monolayer, as described below (section 2.3.3), 

and re-cultured.

The KB cell line, derived firom an oral squamous cell carcinoma, was obtained from the 

American Type Culture Collection. The cells were grown in Eagle's MEM (Sigma) 

containing 10% heat-inactivated FCS, 2 mM L-glutamine, 100 U/ml penicillin and 

100 pg/ml streptomycin.

2.3.3 Passage of cells

Once the cells became confluent, the culture medium was aspirated, the cells washed 2 

times with PBS and then treated with 2 ml of trypsin-EDTA (0.25% trypsin in 1 mM 

EDTA) (Gibco) at 37°C for 3-5 min followed by vigorous shaking. Culture medium 

(2 ml) was added to neutralise the trypsin, the detached cells collected in a sterile falcon 

tube (Falcon) and centrifuged at 1100 rpm for 7 min. The supernatant was discarded, the 

cell pellet was resuspended in 5 ml of culture medium and re-cultured in 25 cm  ̂tissue 

culture flasks. The re-cultured cells were then designated as ‘first passage’ of a primary 

culture. The cultures were then allowed to grow until they became confluent, after which
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a sample was frozen in liquid N2 (section 2,3.4) and the remaining cells re-cultured at a 

dilution of 1:4 to expand each sample.

2.3.4 Cryopreservation and thawing of cells

An aliquot of cells was cryopreserved at early passages for use in future experiments. 

After trypsinizing the cells, the cell pellet was resuspended in a ‘freezing medium’ 

consisting of fiill culture medium and 5% (v/v) dimethyl sulfoxide (DMSO) (Sigma). 

Aliquots containing approximately 5 x 10^-10  ̂ cells were placed into cryovials (Nunc) 

and a slow freezing procedure was carried out by storing the cryovials in a pre-freezing 

container (Marathon; London, UK) at -70°C for 24 h, before being transferred to liquid 

N2 for long-term storage.

To thaw the cells the cryovials were placed in a water bath at 37°C and the thawed cell 

suspension rapidly added to 5 ml of culture medium in a sterile falcon tube and 

centrifuged at 1100 rpm for 5 min. The supernatant was aspirated and the cell pellet 

resuspended in a tissue culture flask and cultured as described.

2.3.5 Cell viability assessment

The cultured cells were examined daily under the phase-contrast light microscope to 

evaluate growth and to assess any microbial contamination. Cell viability was 

determined at the time of each passage by trypan blue exclusion. Briefly, the cell pellet 

obtained after trypsinization was resuspended and 10 pi of this cell suspension mixed 

with an equal volume of 0.4% trypan blue solution (Sigma). The number of cells was 

counted in 10 pi of this mixture under the phase-contrast light microscope, using a 

Neubauer haemocytometer (Weber; Hawksley, UK). Viable cells appeared bright and
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colourless, while dead cells were dark blue. The total number of viable cells was 

calculated as:

the average count per square of haemocytometer x dilution factor x 10"̂

2.4 A N A L Y SIS  O F C E L L  A N T IG E N S

Specific antigens at cellular levels were examined in order to determine the phenotype of 

cells derived from biopsy samples. Effects of the hyperplasia-inducing drugs and 

bioactive molecules were later measured for KGF and KGFR expression.

2.4.1 Immunocytochemical staining

Approximately 5 x 1 0 ^  cells were seeded onto round glass cover slips (13 x 13 mm) 

(BDH) previously placed in the wells of 24-well tissue culture plates (Falcon). The cells 

were grown to logarithmic phase, washed in PBS and fixed with 3% PFA in distilled 

water for 10 min. The cells were then washed 3 times with PBS for 5 min each, followed 

by permeabilisation with ice-cold methanol for 10 min. The cells were washed again, as 

noted above, and incubated with blocking solution in order to block non-specific binding 

sites (section 2.2.2). The blocking solution was aspirated and the coverslip incubated 

with mouse mAh against prolyl-4-hydroxylase (clone 5B5) and cytokeratins 5, 6, 8 and 

17 (clone MNF 116) diluted in the blocking solution for 1 h (Table 2.1). The cells were 

then washed thoroughly 3 times with PBS for 5 min each and incubated Avith biotin- 

conjugated swine anti-mouse IgG antibody (1:200) for 30 min, followed by washing with 

PBS. Immunoreactivity was detected by incubating the cells with ExtrAvidin peroxidase 

(Sigma) diluted in the blocking solution (1:80) for 30 min. The cells were then washed 

three times with PBS, and the antigens visualised by incubating with freshly prepared
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DAB substrate for 5-10 min. The reaction terminated by washing with tap water. The 

cells were subsequently counterstained with Mayer's haematoxylin for 45 sec, excessive 

stain removed by thorough washing of the cells with tap water and then dehydrated. The 

cover slips were removed from the culture plates and mounted on CA. 1.0 mm thick glass 

slides (BDH) and viewed as described (section 2.2.1). In control cells, non-specific 

mouse IgG 1 replaced the primary antibody.

2.4.2 Measurement of KGF in culture supernatants by ELISA

All the drugs and growth mediators used in this study were dissolved according to the 

manufacturer’s instructions. Concentrations of CsA, NIF and PHT were selected, on the 

basis of post-therapeutic serum levels (Salo et al. 1990; Nishikawa et al. 1996; Boltchi et 

al. 1999; Bolzani et al. 2000). The same concentration of the drug solvent was used in 

both control and test conditions.

Stock solutions of CsA (Sigma) and PHT (Sigma) were prepared at concentrations of 

1 mg/ml and 5 mg/ml by dissolving in absolute ethanol and accordingly diluted in culture 

media to attain the final concentrations of 250 and 500 ng/ml of CsA and 5 and 10 pg/ml 

of PHT, which were used to treat the cells. A stock solution of NIF (Sigma) was 

prepared in DMSO (4 mg/ml) and diluted accordingly to obtain concentrations of 100 

and 200 ng/ml.

PDGF and IL -la  were used at concentrations of 10 ng/ml, while IL-ip and DHT were 

used at 20 ng/ml, based on previous studies (Brauchle et al. 1994, Chedid et al. 1994; 

Parkar et al. 1998). These reagents were obtained from Boehringer Mannheim UK Ltd. 

(Lewes, UK), except for DHT (Sigma).
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Gingival fibroblasts were seeded into 24-well tissue culture plates at a density of 2 x 10̂  

in 1 ml of the complete medium and allowed to become 80% confluent. The monolayers 

were washed 3 times with serum-free medium and cells were then recultured for 2 days 

with low serum (1% FCS) containing medium for the purpose of serum starvation. The 

medium was then replaced with fresh full medium containing low serum in the absence 

and presence of the various drugs and mediators to be tested, as noted above. 3 replicate 

wells were used for each sample on each day. On subsequent days the medium from 

each of the 3 wells was removed, centrifuged at 13,000 rpm for 1 min, the supernatants 

transferred to a new eppendorf tube and stored at -20°C. This was repeated for 7 days in 

initial experiments and then collected for a more limited number of days based on the 

result of the initial experiments. The cells were treated with 10% FCS-containing 

medium to evaluate the role of serum. The experiments with DHT were carried out using 

the phenol red free DMEM (Gibco) supplemented with 1% charcoal dextran-treated FCS 

to avoid the steroids present in conventional FCS.

The amount of KGF in the supernatant was measured by ELISA, as described in section 

2.2.3.2.

2.4.3 Flow cytometry (FCM)

2.4.3.1 Principles of FCM

Flow cytometry (FCM) measures certain physical and chemical features of individual 

cells as a cell suspension passes through a fixed laser beam, on the basis of angular 

reflection of an incident laser light (Shapiro 1988). The light reflected by the cells at low 

angle (< 2°) is detected in the forward direction along the axis of the incident light and 

this ‘forward scatter’ (FSC) is considered to be proportional to the size of the cells
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(Ortnerod 2000). Light reflected at > 2° is detected at 90° or more to the light axis and 

referred to as orthogonal or ‘side scatter’ (SSC), which is considered to be proportional to 

the cytoplasmic granularity or internal complexity of the cells (Ormerod 2000) (Figure 

2.2).

Flow
chamber

Detectors for fluorescence 

(red and green)

Beam 
splitters

Detectors for SSC

Laser

Detectors for FSC

Figure 2.2. Schematic representation of a flow cytometer. Cells are passed through a 

flow chamber and subjected individually to a laser beam. Size (FSC) and granularity 

(SSC) of the cells are measured by the light reflected forward and side-ways, 

respectively. The fluorochrome linked to antibodies emits fluorescence of a particular 

wavelength (shown red and green) and detected by the wavelength-specific detectors.

Relative levels of DNA and cell-associated proteins can also be measured by FCM by 

treating the cells with a fluorochrome ‘tag’ or fluorescent-labelled antibody specific for 

the target antigen (Bou-Gharios et al. 1995; Kuru et al. 1998). When laser light is 

applied to the cell, the fluorochrome absorbs energy fiom the laser and subsequently 

releases this energy by emitting fluorescence at a different wavelength. The intensity of
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the emitted fluorescence is considered to be proportional to the amount of target antigen 

bound to the fluorochrome.

A FACScan flow cytometer (Becton Dickinson) employing an argon-ion laser was used 

for excitation. The electronic setting of the flow cytometer was optimised for gingival 

epithelial and KB cells to measure size, granularity and the level of KGFR expression by 

adjusting the voltage of each detector and adjusting the amplifier gain (Table 2.2). A 

linear mode was applied to measure FSC and SSC parameters, while the fluorescence 

intensity was measured using a logarithmic mode, according to the manufacturer’s 

instructions. The same instrument setting was used to perform all subsequent 

experiments.

Table 2.2. The electronic settings of the flow cytometer

Detectors
Voltage Amplifier gain

GE cells KB cells^ GE cells KB cells^

FSC E - r E - r 3.12 4.26

SSC 296 326 1.00 1.00

Fluorescence 417 454 - -

^signal is multiplied by 0.1

^GE refers to primary gingival epithelial cells
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2.4.3.2 Preparation of cells for FCM

Gingival epithelial cells were allowed to become 80% confluent in KBM-2 in the 

presence of all supplements, as described in 2.3.2. The cells were then cultured with 

KBM-2 without rhEGF and whole bovine pituitary extract for 48 h in order to maintain in 

a quiescent stage (Zhou et al. 1996). Then the cells were incubated with a fresh medium 

without rhEGF and whole bovine pituitary extract in the absence and presence of CsA, 

NIF and PHT for 3 days at the concentrations of 500 ng/ml, 200 ng/ml and 10 pg/ml, 

respectively.

In order to understand the regulation of KGFR, KB cells were seeded at a density of 

2x10"^ cells in 6-well tissue culture plates and grown to approximately 80% confluency. 

Cells were then serum starved for 48 h and then treated with various concentrations of 

rKGF (1, 5, 10, 20 and 50 ng/ml) for 24 h and with PDGF (10 ng/ml), EGF (10/ml) 

(Upstate Biotechnology; Lake placid, NY, USA), IL-1 (a  and P) (10 ng/ml of each),

IFN-y (100 U/ml) (Boehringer Mannheim UK Ltd.; Lewes, UK), and DHT (20 ng/ml) for 

48 h. The control cultures received 1% FCS containing media.

The cells were then prepared for FCM, according to the method described previously 

(Bou-Gharios et al. 1995; Kuru et al. 1998). Briefly, the culture media were removed, 

the cells washed twice with PBS, monolayers detached using 20 mM EDTA (pH 7.2) 

(Sigma) in PBS at 37° C for 10 min and scraping with a cell scraper (Becton Dickinson 

Labware). EDTA was used to detach the cells instead of trypsin (section 2.3.3), because 

trypsin would cause proteolytic cleavage of the extracellular domain of surface- 

associated proteins. The detached cells were washed with a buffer (wash buffer) 

consisting of PBS supplemented with 2% FCS and 0.05% sodium azide (ICN
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Biomedicals), followed by centrifugation at 1100 rpm for 10 min. The cells were then 

fixed with 3% PFA in PBS for 30 min followed by permeabilisation of the cells for 

10 min with 0.1% saponin (BDH), which enables the high molecular weight antibodies to 

enter the cells. This permits measurement of both intracellular as well as surface-bound 

antigens (Bou-Gharios et al. 1995). The cells were again washed, centrifuged and re

suspended in the wash buffer.

Aliquots of 10̂  cells were placed into polystyrene FACS tubes (Becton Dickinson 

Labware), centrifuged to obtain pellets and incubated with rabbit polyclonal antibody 

against human KGFR/FGFR-2 (anti-^eA:) diluted 1:50 in wash buffer containing 

0.1% saponin for 1 h at room temperature. Control cells were treated with the wash 

buffer only. The cells were then washed twice, centrifuged and incubated for 30 min at 

room temperature with fluorescein isothiocyanate (FITC)-labelled swine anti-rabbit 

antibody (Dako) (1:20 in wash buffer). The washing and centrifugation steps were 

repeated and the cell pellet re-suspended in 400 pi of wash buffer. The size, granularity 

and fluorescence intensity of 10,000 individual cells were measured using the FACScan 

flow cytometer.

2.4.3.3 Acquisition and Analysis of FCM data

In order to acquire and store data, cells were introduced to the flow chamber of the flow 

cytometer, where each cell in the fluid stream is subjected to the incident laser beam and 

the emitted light corresponding to the FSC, SSC and fluorescence intensity is then 

collected as electronic signals and transmitted to the attached computer (Quadra 650, 

Apple Macintosh).
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Analysis of the stored data was performed using the CELLQuest Software programme 

(Becton Dickinson). In the first stage of analysis, a dot plot of FSC versus SSC was 

displayed for the cells that received no primary antibody, each dot being representative of 

a single cell. A ‘gate’ was created manually by selecting the majority of intact single 

cells in the population, excluding cell aggregates and cell debris. The arbitrary units of 

FSC and SSC were then obtained using the software programme.

The second stage of analysis measures the fluorescence emitted by the ‘gated’ sample, 

corresponding to the relative level of cell-associated antigen. A histogram, representing 

the frequency distribution of fluorescence, was created corresponding to the gated control 

cells (without primary antibody). The negative area was marked manually on the 

histogram and the same designated area was copied to the histogram for cells treated with 

the primary antibody, where an additional area containing cells right to this negative area 

was marked. The arbitrary units of average fluorescence intensity (AFl) were then 

obtained using the software programme.

2.5 MEASUREMENT OF BIOLOGICAL ACTIVITIES OF KGF

2.5.1 Effects of KGF on epithelial cells

In order to examine the effect of KGF on the proliferation of gingival epithelial cells, 

tritiated thymidine ([^H]thymidine) incorporation assay was used. This radioactive 

substance binds to DNA and subsequently the radioactivity is measured using a 

scintillation counter.

Gingival epithelial cells were seeded at a density of 5 x 10̂  in 96-well tissue culture 

plates and incubated for 24 h in KBM-2 with all supplements. They were then maintained 

in a quiescent stage, as described in section 2.4.3.2. Subsequently the cells were
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incubated with fresh medium without rhEGF and whole bovine pituitary extract in the 

absence and presence of different concentrations of rKGF (1,5, 10, 20 and 50 ng/ml) for 

24 h. After 20 h, [^H]thymidine (Amersham Life Science; Buckinghamshire, UK) was 

added to the culture at 1 pCi/ml (specific activity 39.0 Ci/mmol; 1.44 TBq/mmol) for 4 h 

at 37°C and the level of [^HJthymidine incorporated into DNA was measured as 

described by Drugan et al. (1997). Briefly, the medium was removed and the cells were 

washed thoroughly 3 times with ice-cold PBS in order to remove unincorporated 

[^HJthymidine. DNA was then precipitated using 5% trichloroacetic acid (v/v) (BDH) at 

4°C for 10 min followed by solubilisation of the DNA using 0.5 M sodium hydroxide 

(BDH) at 37°C for 30 min. The DNA solution was then added to the scintillation 

counting vials (BDH) containing 4 ml scintillation fluid (Optiphase ‘MP’) (Fisher 

Chemicals; Loughborough, UK). The radioactivity was counted using a p scintillation 

counter Model 1409/1411 (Wallac Oy; Turku, Finland).

DNA synthesis in response to KGF was also measured in the KB cells using 

[^HJthymidine incorporation assay.

2.5.2 Effects of fibroblast supernatants on epithelial cells

KB cells were seeded at a density of 2 x 10"̂  in 24-well tissue culture plates and incubated 

with full medium containing 10% FCS for 24 h. The cells were serum starved for 48 h. 

They were then incubated for 24 h with fibroblast supernatants obtained from untreated 

and hyperplasia-inducing drug treated cultures. The effects of fibroblast supernatants on 

DNA synthesis by KB cells were measured using [^HJthymidine incorporation assay, as 

described in 2.5.1.
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2.5.3 Measurement of KGF-specific activity in fibroblast supernatants

KGF-specific activity in the supernatants was determined by treating KB cells with 

supernatants, which had been pre-treated with a KGF neutralizing antibody raised in goat 

(R & D Systems) at the concentration of 1 pg/ml at 22°C for 1 h, according to the 

manufacturer’s instructions and the effects of this supernatants measured using 

[^H]thymidine incorporation assay, as described in 2.5.1.

2.5.4 Effects of CsA, NIF and PHT on DNA synthesis

In order to determine the effects of drugs on proliferation, the KB cells were seeded at a 

density of 2 x 10"̂  in 24-well tissue culture plates in full medium containing 10% FCS, 

serum starved and then incubated for 24 h with CsA, NIF and PHT (500 ng/ml, 200 

ng/ml and 10 pg/ml, respectively) in fresh medium containing 1% FCS and the effects of 

drugs measured using [^HJthymidine incorporation assay, as described in 2.5.1.

2.6 ANALYSIS OF RNA

To measure the relative levels of mRNA transcripts of KGF and KGFR, total RNA was 

extracted and analysed by semi-quantitative RT-PCR, as described below.

2.6.1 Preparation of RNA

Total RNA was isolated from gingival tissue samples using the one-step method 

described by Chomczynski and Sacchi (1987). Briefly, the tissues were thawed and 

homogenised manually using a tissue disrupter in eppendorf tube containing a guanidium 

thiocyanate-citrate buffer (denaturing solution) (1 ml/0.1 g wet wt) consisting of 4 M 

guanidium thiocyanate (Sigma), 25 mM sodium citrate (Sigma), pH 7.0, 0.5% sodium
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sarcosyl (Sigma) and 0.1 M 2-mercaptoethanoI (Sigma) at 4°C. The following were then 

added serially to the homogenate, per ml of denaturing solution used: 0.1 ml 2 M sodium 

acetate (pH 4.0) (Sigma); 1 ml phenol (Sigma); 0.2 ml chloroform^soamyl alcohol (49:1) 

(Sigma). The reagents were mixed thoroughly by inversion after the addition of each 

reagent and finally shaken vigorously for 1 min and placed on ice for 15 min. The 

homogenates were centrifuged at 13,000 rpm for 20 min at 4°C, separating into an upper 

aqueous phase containing the RNA while the interphase and lower organic phase 

contained the DNA and protein, respectively. The upper aqueous phase was transferred 

to a new tube and RNA subsequently precipitated by the addition of isopropanol (1:1) 

(v/v) (Stratagene; Cambridge, UK) at -20°C for 1 h, followed by centrifugation at 

13,000 rpm for 20 min at 4°C. The resulting RNA pellet was then washed twice with 

75% ethanol (BDH), vacuum dried for 5 min and dissolved in 0.1% diethyl 

pyrocarbonate (DEPC) (Sigma)-treated distilled water and stored at -70°C.

Periodontal ligament (PDL) tissue was obtained by scraping the middle third of the roots 

of healthy teeth extracted for orthodontic treatment purposes. PDL tissue was then 

transferred to an eppendorf tube and treated similarly to the gingival tissue samples. 

RNA from PDL tissue was used as a negative control for KGFR. To isolate the RNA 

from cultured cells, a cell pellet was first obtained by trypsinizing the cells, as described 

in section 2.3.3, and then treated as for the tissue samples.

The amount of RNA in the extracts was quantified by measuring A260 using an Ultrospec 

2000 spectrophotometer (Pharmacia Biotech; Cambridge, UK). The absorbance was then 

used to calculate the amount of RNA, using the following formula:

A260 X dilution factor x conversion factor = concentration of RNA (pg/pl)

The conversion factor for RNA is 40 pg/ml (Brown 1993).
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Contamination of RNA preparations with protein was assessed by measuring the A280 and 

calculating the A260/280 ratio, with a value between 1.8 and 2.0 indicating a sample of 

relatively pure RNA.

2.6.2 Reverse transcriptase-polymerase chain reaction (RT-PCR)

RT-PCR involves first the synthesis of cDNA, a ‘copy’ strand of DNA complementary to 

each mRNA sequence present in the RNA extract (Figure 2.3). This reverse transcriptase 

(RT)-catalyzed step is followed by the synthesis of a second strand of a specific DNA 

using a pair of specific oligonucleotide primers and the enzyme, DNA polymerase. The 

DNA sequences are then separated into 2 strands and each copied by the DNA 

polymerase enzyme. The PCR reaction repeats this amplification process many times 

(Figure 2.4).

2.6.2.1 Reverse transcriptase (RT)

Copy strands of DNA (cDNA) are obtained from mRNA sequences by hybridising the 

poly A tail of these mRNA sequences with oligo deoxythymidine (oligo dT), which 

specifically hybridises to the mRNA, as shown in Figure 2.3. To carry this out, 1 pg of 

the extracted RNA was reacted with 100 ng of oligo dT (Promega; Madison, WI, USA) 

in a final volume of 37 pi of DEPC-treated water at 65°C for 5 min and cooled slowly to 

room temperature to allow annealing of the primer to the mRNA. The following reagents 

were then added serially: 5 pi of 10 x reaction buffer (Stratagene) [250 mM Tris-HCl 

(pH 8.3), 375 mM KCl, 50 mM MgCl2], 1 pi (40 U) of ribonuclease inhibitor 

(Stratagene), 2 pi of dNTPs (25 mM each of dATP, dCTP, dGTP and dTTP) (Stratagene) 

and 1 pi (50 U) of reverse transcriptase derived from moloney murine leukaemia virus
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(Stratagene). This was incubated at 37°C for 60 min followed by incubation at 90°C for 

5 min to inactivate the reverse transcriptase enzyme. The resulting mRNA-cDNA 

hybrids (first strand cDNA) were stored at -20°C until required.

Degraded mRNA

A A A A A mRNA
Oligo (dT) primer

A A A A A
+ dT dT dT dT dT 

Reverse transcriptase

High temperature/ 
Alkaline buffer

DNA polymerase

mRNA-cDNA hybrid

Single-stranded cDNA

Double-stranded cDNA

Figure 2.3, Synthesis of a double-stranded cDNA from mRNA. A complementary 

copy (cDNA) of a mRNA molecule is synthesised by reverse transcriptase using the 

mRNA strand as the template, forming a cDNA/mRNA hybrid. The RNA strand of the 

hybrid is selectively degraded by alkali at high temperature, and the alkali-resistant 

single-stranded cDNA is then copied to form double-stranded cDNA by the enzyme 

DNA polymerase (Alberts et al. 1983).
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Figure 2.4. Schematic representation of PCR. The double-stranded cDNA is 

separated into 2 strands in the dénaturation step, primers are then annealed to the specific 

complementary sequences in the DNA template and finally extended to form a double

stranded DNA copy. These stages of PCR are carried out for multiple cycles in order to 

obtain many copies of the target DNA (Robert, 1996).

76



Chapter 2

2.6.2.2 Polymerase chain reaction (PCR)

PCR was carried out in a standard reaction volume of 50 |a1 containing 5 îl of the cDNA, 

5 ^1 of PCR buffer [10 mM Tris (pH 8.4), 50 mM KCl, 1.5 mM MgCb, 0.01% gelatin, 

0.01% Tween 20%] (Stratagene), 0.4 pi of the dNTPs (25 mM each of dATP, dCTP, 

dGTP and dTTP) (Stratagene), 1 pi (50 pmol) of each of the forward and reverse primers 

(Amersham Pharmacia Biotech; Amersham, UK) and 0.2 pi (lU) of recombinant Taq 

DNA Polymerase (Stratagene) in 37.4 pi of deionised water. It was amplified in a 

programmable thermal controller (PTC-100) (MJ Research, Inc; Watertown, MA, USA) 

fitted with a heated lid. The amplification programme was optimised for both KGF and 

KGFR as follows: initial dénaturation at 96°C for 3 min, followed by repeated cycles of 

annealing at 60°C for 30 s, extension at 72°C for 90 s, dénaturation at 95°C for 30 s, and 

final extension at 72 °C for 10 min. The primer sequences for the forward and reverse 

directions are shown in Table 2.3, generating products of 266 and 141 base pair (bp) for 

KGF and KGFR, respectively.

To measure the relative levels of mRNA expression, a semi-quantitative PCR technique 

was employed by amplifying a house-keeping gene at the same time under similar 

conditions of KGF and KGFR amplification. The expression of the house-keeping genes 

is considered to be constitutive. In this study, glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) was used as an internal standard to estimate the relative levels 

of KGF and KGFR transcripts. The primer pair specific for GAPDH (Amersham 

Pharmacia Biotech) is shown in (Table 2.3).

During amplification, PCR products accumulate at a rate depending on the amplification 

efficiency. Once a maximum intensity of PCR products is attained, it remains constant 

despite increasing the number of cycles. Therefore, relative RT-PCR should be carried
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out within the linear range of PCR that extends from the cycle of initial appearance of the 

PCR products to the point of maximum amplification. This is determined by plotting the 

number of cycles against the band intensities of the PCR products, which appear as a 

straight line. The linear ranges were examined for KGF, KGFR and GAPDH gene 

sequences by PCR amplification in 5-cycle steps, from 10 to 40 cycles using RNA 

extracted from both tissue samples and the cells grown from tissues. After establishment 

of the linear range of amplification for each of the aforementioned gene sequences, a 

cycle was selected from this profile and all subsequent PCR reactions were carried out at 

that specific cycle.

Table 2.3. Primers for RT-PCR of KGF, KGFR and GAPDH

Target cDNA Direction Primer sequence Product size (bp)*

KGF
forward tct gtc gaa cac agt ggt acc t

266
reverse gtg tgt cca ttt age tga tgc at

KGFR
forward teg ggg ata aat agt tcc aat g

141
reverse ctg ttt tgg cag gac agt ga

GAPDH
forward cca ccc atg gca aat tcc cat ggc a

600
reverse ctg gac ggc agg tea ggt cca cc

*The expected molecular sizes of the KGF, KGFR and GAPDH gene sequences after 

PCR
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2.6.2.3 Electrophoresis

The size of the amplified PCR products was assessed by comparing their electrophoretic 

mobilities with that of 1 kb (Gibco) and 100 bp DNA size markers (Helena Biosciences 

Ltd., Sunderland, UK) (for KGF and KGFR, respectively). For electrophoresis, 2% (w/v) 

agarose (Gibco) was dissolved in an appropriate volume of 1 x Tris-borate-EDTA (TBE) 

buffer [0.9 M Tris, 0.9 M boric acid, 0.02 M EDTA, pH 8.3] (BDH) by heating gently in 

a microwave oven. The solution was cooled to approximately 60°C and ethidium 

bromide (Sigma), a fluorescent dye, was added to a final concentration of 0.05 pg/ml. 

The gel was then poured into a submarine gel electrophoresis tank fitted with toothed 

comb (Stratagene) to form individual lanes for each sample. The tank was filled with 

1 X TBE (electrophoresis buffer) once the gel became solid.

Samples were prepared by mixing with loading buffer [0.25% bromophenol blue, 0.25% 

xylene cyanol FF, 30% glycerol (Sigma) in distilled water] at the ratio of 5:1 (v/v), 

followed by mixing equal volumes (10 pi) of the amplified PCR product of GAPDH 

either with KGF or KGFR. The mixed PCR products were then loaded into the 

individual lanes of the gel and subjected to an electric field of 1-5 V/cm until migration 

was sufficient for separation of the amplified bands. The gel was then examined under 

UV light using a transilluminator and the image captured using an Imagestore 5000 and 

gel band amplifier (UV Products; Cambridge, UK).

2.6.2.4 Semi-quantitative measurement of transcript levels

To determine the relative amount of KGF mRNA transcripts present in each sample, the 

intensities of the KGF and GAPDH PCR bands in the same lane of each gel were 

measured using the Scion Image Software Programme (Scion Corporation; Frederick,
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MD, USA). In the first stage of analysis, an area encompassing each band in the gel was 

selected manually. Then a histogram, representing the surface area of the band and a 

numerical value, defined as the band intensity was obtained using the software 

programme. The intensity of the amplified GAPDH product was used as the baseline 

value and the ratio of the KGF band intensity to the GAPDH band intensity in each 

sample was calculated to normalise the level of KGF mRNA against the control product. 

These ratios were used as a level of the relative expression of KGF mRNA in each of the 

samples, which is shown as a KGF expression index (KEl):

KEl = intensity of KGF band/intensity of GAPDH band x 100 

The relative amount of KGFR transcripts in each sample was measured in a similar way 

as for the KGF transcripts, and was expressed as the KGFR expression index (KRl):

KRl = intensity of KGFR band/intensity of GAPDH band x 100 

The KEl and KRl in the GH tissues were compared with those in the NG tissues in vivo. 

Similarly, the KEl and KRl values obtained in CsA-, NIF- and PHT-treated cells were 

compared with those of untreated control cells in vitro.

2.6.3 Northern blotting

In contrast to semi-quantitative RT-PCR, northern blotting is considered as a quantitative 

method because it quantifies the amount of target mRNA in total RNA without being 

subjected to amplification. The northern blotting method includes a denaturing 

formaldehyde agarose gel electrophoresis, which allows separation and resolution of 

different ribosomal RNA (rRNA) subunits, primarily 28 S and 18 S, which are then 

transferred to a nitrocellulose membrane and subsequently hybridized with either radio- 

or non-radiolabelled probes of target genes.
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2.6.3.1 Electrophoresis and transfer of RNA to the nitrocellulose membrane

Agarose gels (1%) (w/v) were prepared in 10 x MOPS buffer [0.2 M 3-N-Morpholin 

propranesulfonic acid (Sigma), 0.05 M sodium acetate, 0.01 M EDTA] as previously 

described (in section 2.6.2.3). Formaldehyde (39%; v/v) (BDH) was then added at a final 

concentration of 10% of the total volume of MOPS. The gel was then poured into a gel 

electrophoresis tank and allowed to solidify, as noted previously.

Total RNA (5 pg) was precipitated using 2 M sodium acetate and 100% ethanol for 1 h 

at -20°C, followed by centrifugation at 13000 rpm for 20 min at 4°C and vacuum dried. 

It was then re-suspended in loading buffer [1.5 ml containing 0.72 ml deionised 

formamide (BDH), 0.16 ml 10 x MOPS, 0.26 ml of 37% formaldehyde, 0.15 ml of 

DEPC-treated distilled water, 0.05 ml ethidium bromide, 0.08 ml of glycerol (80%) 

(BDH) and 0.08 ml bromophenol blue (BDH)]. The RNA samples were denatured at 

95°C for 2 min in order to attain well separated bands of RNA of different sizes, cooled 

rapidly on ice to prevent re-folding of the RNA and loaded into the individual lanes. 

Electrophoresis of the samples was carried out m ix  MOPS buffer for 3-4 h until the 

bromophenol blue dye migrated % of the gel to ensure well separation of the rRNA sub

units. The gel was then examined under UV light in order to evaluate the integrity of the 

RNA samples.

The gel was then washed twice with sodium chloride trisodium citrate (SSC) buffer 

(10 x) for 20 min each in order to remove the formaldehyde. The RNA was then 

transferred to a nitrocellulose membrane (Hybond N; Amersham Life Science) through 

capillary method using SSC buffer (10 x) at least for 12 h. Subsequently the membrane 

was heated at 80°C for 2 h under vacuum in order to fix the RNA samples. The 

membrane was then stored at -70°C until used for hybridization.
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1.6.3.2 Preparation of radioactive probe

The amplified PCR products were manually cut jfrom agarose gels and purified using the 

QIAquick gel extraction kit (QIAGEN Ltd.; West Sussex, UK), following the 

manufacturer’s instructions. Briefly, the gel was solubilised by heating at 50°C for 

10 min in a buffer (Buffer QG), provided in the kit, followed by addition of the 

isopropanol to increase the yield of DNA firagments. The solubilised gel was then placed 

in a spin column bedded with silica gel membrane that selectively binds the DNA, 

centrifuged at 13000 rpm for 1 min and the flow-through containing traces of agarose 

was discarded. The DNA was then eluted from the silica gel by elution buffer (10 mM 

Tris Cl, pH 8.5).

The amount of DNA in the extracts was quantified by measuring A260 using the Ultrospec 

2000 spectrophotometer and calculated the amount of DNA, using the following formula: 

A260 X dilution factor x conversion factor = concentration of DNA (pg/pl)

The conversion factor for DNA is 50 pg/ml (Brown 1993).

Approximately 10 ng of DNA, purified fi’om the amplified PCR product, was denatured 

by incubating at 96°C for 2 min followed by rapid cooling on ice. The following were 

then added serially: 2 pi of reaction buffer (as used for PCR), 1 pi of forward and reverse 

primers and 1 pi of Klenow enzyme (Stratagene) and 1.5 pi of a[^^P]-dATP 

(3000 Ci/pmol) (Amersham Life Science) along with the conventional dNTPs. The 

reaction mix was incubated at 37°C for 30 min in order to synthesise the second strand of 

DNA. The labelled DNA was then denatured at 96°C for 5 min, followed by rapid 

cooling on ice prior to adding to the hybridization bottle.
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2.6.3.3 Hybridization and analysis of radiolabelled bands

The nitrocellulose membrane was placed in 0.1% sodium dodecylsulfate (SDS) for 5 min 

and then transferred to a hybridization bottle containing hybridization buffer (QuiKHyb) 

(Clontecb, Palo Alto, CA, USA) supplemented with 50 pi of salmon sperm DNA (Gibco) 

to block non-specific binding sites, and then heated at 68°C for 30 min. The 

radiolabelled denatured DNA was subsequently added and hybridised at 68°C overnight. 

Following hybridization, in order to remove the non-specific unbound radioactivity, the 

membrane was initially washed twice with pre-heated SSC (2 x) containing 0.1% SDS 

for 15 min each, then with SSC (0.2 x) containing 0.1% SDS for 30 min each in the 

rôtisserie within the hybridisation oven at 65°C. The membrane was then removed from 

the hybridization bottle and subjected to autoradiography to detect the location of binding 

of the labelled DNA probe to unlabelled mRNA. This was done by placing the 

membrane under an X-ray film (Fuji PhotoFilm; Düsseldorf, Germany) within a cassette 

(Amersham Life Science) and by exposing at -70°C. After exposure to radioactivity, the 

film was removed and developed.

The radiolabelled bands were visualised under the transilluminator, the image was 

captured and the bands analysed, as described in section 2.6.2.4.

2.7 DNA SEQUENCING OF PCR PRODUCTS

To ensure the identity of the amplified fragment and also to ensure that no errors had 

been incorporated during the amplification process, amplified PCR products, obtained 

using the KGF- and KGFR-specific primers, were sequenced.

The sequencing was carried out using the non-radioactive dideoxy chain-termination 

method (Sanger et al. 1977). This involves controlled interruption of the enzymatic

83



Chapter 2

replication of growing DNA chains, which is attained by adding a small amount of 

dideoxy nucleotides (ddNTPs) (ddATP, ddGTP, ddCTP and ddTTP) in addition to the 

four conventional dNTPs in a reaction mixture for DNA synthesis (Figure 2.5). DNA 

polymerase is able to use these ddNTPs as substrates for the new DNA strand, but the 

elongation of this strand terminates following the incorporation of any of the ddNTPs due 

to the lack of a 3'-hydroxyl residue. Thus the occasional incorporation of a ddNTP 

produces a fragment that terminates with that particular ddNTP. Eventually the reaction 

produces a number of DNA fragments of varying lengths, each starting at the primer used 

for amplification and prematurely terminating as the ddNTPs incorporate into the newly 

synthesized DNA strand. Since the ddNTPs are incorporated as complementary bases to 

those in the template strand, the termination point indicates the position of that specific 

base in the template.

The amplified KGF gene product was purified, as described in section 2.6.3.2, and the 

dideoxy chain-termination reaction carried out in a final volume of 7 pi containing 

approximately 250 ng of purified DNA, 1.6  pmol of either the forward or reverse primer 

(Table 2.3) and 4 pi of ABI TaqDyeDeoxy (big dye) [contains Taq polymerase, dNTP, 

fluorescent-labelled ddNTP] (Applied Biosystem; Warrington, UK) using a 

programmable thermal controller. The condition applied for the termination reaction was 

99 repeated cycles of dénaturation at 95°C for 10 sec, annealing at 50°C for 5 sec and 

extension at 60°C for 4 min. The termination reaction products were then precipitated by 

3 M sodium acetate and ethanol (95%); centrifuged, vacuum-dried and re-suspended in 

25 pi of template suppression reagent (TSR) (Applied Biosystem) that facilitates easy 

flow of the samples during electrophoresis. The reaction mixture was then transferred to 

a sequencing tube (Applied Biosystem), denatured at 95°C for two min, rapidly cooled on
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DNA to be sequenced

3'

5'

G A A T T C G C T A T G C

C T T A A

Primer

3’

5'

G A A T T C G C T A T G C

c t t a a g c g a t A

1 Incorporation of ddATP

3’

5'

G A A T T C G C T A T G C  

CTTA A g C

Incorporation of ddCTP

New DNA strands are separated and resolved by electrophoresis

Figure 2.5. The dideoxy nucleotide chain-termination method. DNA fiagments of 

variable lengths are produced by incorporation of dideoxynucleotides (ddNTP) into the 

growing DNA strands. Termination points of the DNA fiagments with incorporation of 

specific ddNTP refer to the location of that particular base in the target DNA sequence.

ice and introduced into a laser-induced fluorescence capillary electrophoresis system 

(Applied Biosystem). The fluorescence-labelled DNA fiagments were separated 

according to their sizes as they moved through the polymer-filled capillary tube. The
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laser excites the fluorescent attached to the DNA fragments and each dye emits light at a 

different wavelength, which is recorded as an electrical signal and stored. The collected 

data is then analysed by the automatic ABI PRISM DNA sequencing analysis software 

(310 Genetic analyser) (Perkin Elmer; Cambridge, UK). The nucleotide sequence 

obtained was compared with the sequence originally submitted in the gene bank for the 

KGF gene (accession number M25295) (Finch et al. 1989).

The dideoxy chain-termination reaction was similarly carried out with the purified PCR 

product obtained by amplifying cDNA using KGFR-specific oligonucleotide. The 

nucleotide sequence obtained was compared with the sequence originally submitted for 

the KGFR gene (accession number M80634) ((Miki et al. 1992).

2.8 STATISTICAL ANALYSIS

The data were analysed statistically using the Statistical Package for the Social Sciences 

(SPSS) (SPSS inc., Chicago, IL; USA). The results were considered statistically 

significant at p < 0.05.
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CHAPTERS

KERATINOCYTE GROWTH FACTOR IN GINGIVAL HYPERPLASIA

3.1 EXPRESSION OF KGF IN GINGIVAL TISSUE IN  VIVO

The apparent importance of KGF in hyperplastic lesions of the prostate (McGarvey and 

Steams 1995; De Beilis et al. 1998) and breast (Koos et al. 1993) suggests that it might 

also have a central role in the pathogenesis of GH. However, despite its widely known 

effects on the maintenance of epithelial tissue homeostasis, little is known about the 

expression and role of KGF in periodontal tissues, including gingiva (Gao et al. 1996; 

Dabelsteen et al. 1997; Mackenzie and Gao 2001). The aims of this part of the study 

were, therefore, as follows:

i) to determine the expression and distribution pattern of KGF in NG and GH 

tissues using immunohistochenistry;

ii) to measure the amounts of KGF present in NG and GH tissue extracts 

by ELISA;

iii) to determine KGF gene activity in NG and GH tissues using RT-PCR;

iv) to establish the identity of amplified PCR products by DNA sequencing.

3.1.1 Immunohistochemical detection of KGF

A total of 19 tissue samples (NG = 6  and GH =13)  were prepared for histological 

examination. Prior to immunohistochemical analysis being carried out, one section 

(5 pm thick) from each biopsy sample was stained with H and E to assess the 

characteristic histological features of the NG and GH tissues and also to determine the 

orientation of the epithelium and CT in the prepared specimens, as described in 2.2.1.
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The sections were then immimostained for KGF antigen using a primary goat polyclonal 

antibody against human KGF (Table 2.1), followed by the application of a biotin- 

conjugated swine anti-goat antibody. Immunoreactivity was detected using ExtrAvidin 

peroxidase and visualised with DAB substrate (section 2.2.2). The sections were then 

mounted and viewed under the light microscope, as described in section 2 .2 .1 .

The H and E staining of the NG tissues showed a relatively thin, keratinised stratified 

squamous epithelium associated with short rete pegs extending towards the CT (Figure

3.1 A). The CT formed the major portion of the NG tissue specimens. In marked 

contrast to the NG tissues, the epithelium in the GH tissues was thickened with elongated 

rete pegs and formed the major part of the specimen (Figure 3.1 B). Nuclei were seen in 

the cells of the comifled layer in 7 (54%) of the 13 GH samples. The CT was more 

cellular than NG tissues.

Immunohistochemical staining following incubation with antibody against KGF showed 

no brown-coloured enzyme reaction product in the NG tissue sections, indicating that this 

antigen was either not expressed or expressed at only very low levels in this tissue 

(Figure 3.2). Control sections were clearly negative, thus there was no difference 

between sections of NG which were treated with KGF-specific antibody and those, which 

received no antibody. In marked contrast, a very prominent brown staining was observed 

in the GH tissue, throughout the CT and in some regions of the epithelium (Figure 3.3). 

The staining in the CT was diffuse with no clear association with any particular cell type. 

However, the staining appeared to be more intense towards the interface between the CT 

and epithelium i.e. proximal to the basement membrane.
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Figure 3.1. H and E stained sections of normal and hyperplastic gingiva. A. NG

tissue showing a relatively thin, keratinised epithelium with shallow rete pegs. B. CsA- 

induced GH tissue. Note the thickened epithelium with elongated rete pegs {original 

magnification x 300).
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Figure 3.2. Immunohistochemical analysis of KGF in normal gingival tissues. A;

Control NG section, received no anti-KGF antibody. B. NG section incubated with 

KGF-specific antibody. Note the absence of brown-coloured enzyme reaction product, 

indicating that KGF is not expressed in the NG tissue (original magnification x 350).
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Figure 3.2. Immunohistochemical analysis of KGF in normal gingival tissues.

C. High power view of NG section shown in B. Note no brown-coloured enzyme 

reaction product, indicating KGF is not expressed in NG tissue (original magnification

In addition to the CT, KGF was detected in the basal, spinous, granular and comified 

layers of the GE. However, the relative level of KGF appeared to be greatest in the 

comified layer, gradually decreasing towards the basal layer. In marked contrast to the 

CT, the staining in the epithelial cells was frequently intracellular as well as surface- 

associated (Figure 3.3 C and D). Nevertheless no detectable difference was noted in 

respect of staining intensity and expression pattem of KGF in GH samples obtained from 

patients on the different medications.
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Figure 3.3. Immunohistochemical analysis of KGF expression in hyperplastic 

gingival tissues. A. Control GH section, received no primary antibody. B GH section 

incubated with KGF-specific antibody. The brown colour indicates the presence of KGF. 

Note the prominent staining in the CT especially adjacent to the basement membrane 

(BM). Arrows in epithelium (GE) indicate the presence of KGF in the comified layer 

(original magnification x 350).
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Figure 3.3. Immunohistochemical analysis of KGF expression in hyperplastic 

gingival tissues. High power view of the section shown in B. Note intracellular staining 

in the cells of the epithelial layers (C) and diffuse staining in the CT with greater 

intensity subjacent to the basement membrane (D) (original magnification x 700).
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3.1.2 Measurement of KGF by ELISA

In the previous section, the immunohistochemical analysis revealed the up-regulation of 

KGF in GH compared with NG tissues. To verify the immunohistochemical findings, a 

quantitative analysis of KGF was carried out on the tissue extracts using ELISA. The 

total amount of protein was measured in tissue lysates of 7 NG and 17 GH biopsy 

samples using the Bradford reagent with BSA as a standard, as described in 2.2.3.1. A 

representative standard curve of BSA generated with concentrations between 0.2 and 2.0 

mg/ml is shown in Figure 3.4. The total protein in each sample was calculated from the 

equation obtained after plotting absorbance values against the known BSA concentration 

(section 2.2.3.1).

y = 0.146X + 0.004 = 0.999
0.3

0 .2 -

■e
I

0 .1 -

0.0
1.6 2.00.80.0 0.2 0.4

B SA (mg/ml)

Figure 3.4. A standard curve of the Bradford assay. The Bradford assay was carried 

out using BSA as a standard, A5 7 0  nm was measured and subsequently absorbance

values plotted against the known concentrations of BSA. The curve was approximated as 

linear, the equation obtained is shown on top of the graph, where y = absorbance,

X = concentration of BSA, and r̂  = linear relationship between absorbance and BSA.
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Subsequently, KGF was measured in the tissue lysates by ELISA using a pair of KGF- 

specific monoclonal antibodies and rKGF as a standard between 0.3 and 5.0 ng/ml for 

each individual experiment, as described in section 2.2.S.2. Figure 3.5 shows a 

representative standard curve of rKGF. The concentration of KGF in each sample was 

calculated using the equation obtained by plotting absorbance values against the known 

concentrations of rKGF. The amount of KGF was calculated per mg total protein in each 

sample.

y = 0.217% + 0.005 = 1.000
1.25

1.00  -

0> 0 .7 5 -

Ig  0.50 -

0.25 -

0.00
0.3 O j6  12 25 500

KGF (ng/ml)

Figure 3.5. A standard curve generated with rKGF. ELISA assay was carried out 

using rKGF as a standard, A4 5 0  measured and plotted against the known concentrations

of KGF. The curve was approximated as linear, the equation obtained is indicated on top 

of the graph, where y = absorbance, x = concentration of KGF, and r̂  = linear 

relationship between absorbance and rKGF.
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The distribution of KGF obtained by ELISA in each of the NG and GH tissue samples is 

shown in Figure 3.6. The average amount of KGF in NG tissue samples was 7.0 ± 0.9 

(range 1.0 to 12.0) ng/mg total protein. In marked contrast to the NG tissue samples, the 

amount of KGF in the GH samples was much higher, with an average amount of 68.0 ±

5.03 (range 6.0 to 116.0) ng/mg total protein. Thus the level of KGF in GH tissue 

samples was approximately 10-fold greater than in the NG tissue samples.

150

c
S

I 100 -

c3
2 (68) * ***

NG GH

TISSUES

Figure 3.6. Distribution of KGF (ng/mg total protein) in normal and hyperplstic 

gingival tissues. Tissue lysates were prepared from NG and GH tissues and KGF 

measured by ELISA. Horizontal lines and bold numbers in brackets indicate the average 

amount of KGF. Significance levels compared with NG: *** P < 0.001 (very highly 

significant).
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A wide variation in the amount of KGF (range 6.0 to 116.0 ng/mg total protein) was 

noted among the GH tissue samples. KGF in 5 of the 17 GH tissue samples was less than 

50 ng/mg total protein, while it was between 50 to 100 ng/mg total protein in 8 of the 17 

samples and the remaining 4 samples contained more than 100 ng/mg total protein. It is 

notable that 4 of the 5 samples containing less than 50 ng/mg total protein were obtained 

from patients receiving combined therapy with CsA and NIF, while the fifth one was 

obtained from a patient receiving CsA only.

Since the data were not normally distributed, they were analysed non-parametrically, 

using the Mann-Whitney U test. The difference in the amount of KGF in GH and NG 

tissue samples was found to be very highly significant (p < 0 .0 0 1 ).

3.1.3 Analysis of KGF mRNA transcripts by RT-PCR

In order to determine whether the elevated levels of KGF in the GH tissue samples were 

associated with an increased transcription of the KGF gene, semi-quantitative PCR was 

carried out using GAPDH as the internal control. Total RNA was extracted from a total 

number of 31 tissue samples comprising NG (n = 10), inflammatory gingiva (IG) (n = 7) 

and GH (CsA = 10, NIF = 2 and PHT = 2), as described in section 2.6.1. RNA from 

normal human skin and brain tissues (Stratagene) was used as positive and negative 

controls, because these tissues have been shown to be KGF-positive and -negative, 

respectively (Finch et al. 1989; Koos et al. 1993). Total RNA was reverse transcribed to 

obtain cDNA and subsequently subjected to PCR using GAPDH- and KGF- specific 

oligonucleotide primers (Table 2.3), as described in section 2.6.2.2.

A linear relationship between the number of amplification cycles and the intensities of 

the bands was examined for both the GAPDH and KGF gene sequences by carrying out
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the PCR at 5 cycle steps, from 10 to 40 cycles (Figure 3.7). Subsequently, the reaction 

products were subjected to electrophoresis and the intensities of the bands analysed.
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Figure 3.7. Relationship between number of amplification cycles and band 

intensities of GAPDH and KGF gene sequences in vivo. A and B Agarose gel 

containing PCR products of the GAPDH and KGF gene sequences, respectively, in 5- 

cycle steps, from 20 to 40 cycles (10 and 15 not shown). The bands were analyzed and 

subsequently plotted against the number of cycle to determine the linear range, as seen in 

(C). Note linearity of amplification is maintained through cycle 40 for both GAPDH and 

KGF genes.
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The results showed the appearance of both GAPDH and KGF gene products at the end of 

20-cycles (Figure 3.7. A-B) and gradually increased in intensity with the progression of 

amplification up to 40 cycles, shown graphically in Figure 3.7 (C). As seen in Figure 3.7, 

the linearity of the amplification of both GAPDH and KGF gene sequences were 

maintained through 40 cycles. Thirty cycles of PCR was selected from this amplification 

profile and used for all subsequent reactions.

Prior to amplifying the KGF gene, the integrity of all RNA samples was assessed by 

amplifying the house-keeping gene GAPDH, which yields a predicted molecular size of 

600 bp after PCR. Figure 3.8 shows a representative gel containing amplified GAPDH 

products from 3 NG, 3 IG and 5 GH samples. As shown in Figure 3.8, an intact band 

corresponding to the molecular size of GAPDH was observed in all the samples used, 

suggesting that RNA samples that had been extracted were intact.

1 2 3 4 5 6 8 10 11

GAPDH
(600 bp)

Figure 3.8. Agarose gel showing PCR products of the GAPDH gene. RNA, isolated 

from NG (1-3), IG (4-6) and GH (7-11) tissue samples, was reverse transcribed, resultant 

cDNA was amplified using GAPDH-specific oligonucleotide primers, and then subjected 

to electrophoresis and mobilities compared with the 1 kb DNA ladder as a size marker 

(not shown). Note the band corresponding to the molecular size of GAPDH (600 bp) in 

all samples.
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A  representative gel containing samples of NG, IG and GH tissues, skin (positive control) 

and brain (negative control) is shown in Figure 3.9. In addition to the GAPDH band, an 

additional band corresponding to the KGF gene sequence (266 bp) was observed in the 

GH tissue but was absent in the NG and IG tissue samples. The control skin and brain 

samples were clearly positive and negative, respectively.

GAPDH
(600 bp)

KGF
(266 bp)

NG IG GH Skin Brain

Figure 3.9. Agarose gel showing PCR products of the GAPDH and KGF genes.

RNA obtained from NG, IG, GH, skin and brain tissues was reverse transcribed and 

subsequently amplified using GAPDH and KGF-specific oligonucleotide primers. The 

amplified products were subjected to electrophoresis and their electrophoretic mobilities 

compared with the 1 kb DNA ladder used as a size marker (not shown). Note the 

presence of GAPDH band (600 bp) in all the samples whereas the band corresponding to 

the molecular size of KGF (266 bp) is present only in the GH and skin tissue samples, not 

in the NG, IG and brain samples.

The image analysis profiles of the intensities of the KGF and GAPDH bands obtained 

from this representative gel are shown in Figure 3.10, the surface areas of the histograms 

being equivalent to the relative levels of expression of GAPDH and KGF in the samples. 

The histogram profiles again indicate that the KGF band is present only in GH and not in
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NG and IG. These observations indicate that only the GH, not the NG and IG samples, 

expressed readily detectable levels of KGF mRNA. The skin and brain tissues, which are

GAPDH KGF

i  I

NG

A

(82)

IG

GH

Skin

Brain

Electrophoretic mobility

Figure 3.10. Image analysis profile of an agarose gel. Image analysis of the gel

shown in Figure 3.9. Note the presence of the band corresponding to KGF mRNA in the 

GH and skin samples and the absence of the band in the NG, IG and brain samples. 

Numbers in brackets are the KEl values for each sample.
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known to be positive and negative for this specific gene, respectively, were clearly 

positive and negative. The KEI values obtained in this representative experiment are 0 

for both the NG and IG tissues and 15 for the GH tissue sample. Skin and brain tissues, 

the positive and negative controls, produced KEI values of 82 and 0, respectively.

Table 3.1 summarises the GAPDH and KGF band intensities of 10 NG, 7 IG and 14 GH 

tissue samples. The GH tissue samples obtained from CsA, NIP and PHT-treated 

patients were considered as one group for the purpose of presentation and statistical 

analysis. Each sample was examined twice on 2 different occasions. The KGF band was 

found to be absent in all of the NG (n = 10) tissue samples. Moreover, 6  of the IG 

samples were also negative for KGF while a low level of KGF mRNA was detected in 1 

IG sample. In marked contrast, the KGF band was found to be present in 11 of the 14 

GH samples examined, but was not detected in 3 CsA-induced GH samples.

In order to determine the relative level of KGF mRNA expression, the ratio of the 

KGF/GAPDH band intensity was calculated for each sample and expressed as the KEI, as 

described in section 2.6.2.4, and the overall average KEI (± SEM) for each category was 

calculated. Since the KGF band was not detected in any of the 10 NG samples, the 

KGF/GAPDH ratios appeared as 0 and subsequently KEI value calculated as 0. Neither 

was KGF detected in 6  of the 7 IG samples, while 1 IG sample had a KEI of 7.00. Thus, 

although the overall average KEI of the IG samples was 1.00 ± 0.70, if the 1 KGF- 

positive IG sample is excluded, the KEI is 0.00, as observed for the NG samples. As 

shown in Table 3.1, the average KEI of the GH tissues was found to be 6.50 ± 1.14 

(range 0 to 22) for a total of 14 samples measured, although among the 11 KGF-positive 

samples the KEI was even higher (8.27 ±1.19; range 4 to 22).
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The distribution of KEI in the different samples were not normal, therefore non- 

parametric method of statistical analysis was applied. The Mann-Whitney U test analysis 

showed that the difference in KEI between GH and NG was very highly significant 

(p < 0.001) and that between IG and NG was found to be statistically significant 

(p<0.05).

Table 3.1. Relative levels of KGF transcripts in gingival tissues in vivo

Tissue
sample

GAPDH 
band intensity 

(range)

KGF 
band intensity 

(range)

Ratio of 
KGF/GAPDH 

(range)

KEI
value

(range)

Average 
KEI 

(±) SEM

NG 
(n = 1 0 ) 1703 -3363 0 - 0 0 .0 0  - 0 .0 0 0 .0  - 0 .0 0

IG
(n = 7) 1253-2193 0-156 0.00 - 0.07 0.0 - 7.0

1 .0 0 *
±0.70

GH 
(n= 14) 1363 - 3964 0-780 0 .0 0  - 0 .2 2 0 .0  - 2 2

6.50***
±1.14

The intensities of the bands corresponding to KGF and GAPDH mRNA in the NG, IG 

and GH tissue samples were measured by image analysis, as described in section 2.6.2.4. 

For each experiment the ratio of KGF/GAPDH and the KEI were calculated. The 

average KEI is shown in bold ± SEM for each type of tissue.

Significance levels were compared with NG and IG tissue samples: ***p < 0.001 (very 

highly significant).

* p < 0.05 (significant) refers to the difference between IG and NG tissue samples.
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Thus, the immunohistochemical, ELISA and RT-PCR analyses suggest that KGF is up- 

regulated in GH tissues both at the protein and transcription levels compared with NG 

tissues.

3.1.4 Characterisation of RT-PCR product by DNA sequencing

In order to confirm the accuracy of PCR amplification and specificity of the primers, the 

amplified KGF gene product was subjected to the dideoxy-chain terminating reaction. 

The PCR products were purified, as described in section 2.6.3.2, and subsequently 

amplified using chain-terminating ddNTPs, and the sequence of bases of the PCR product 

was obtained from automatic ABI PRISM DNA sequencer (section 2.7).

Figure 3.11 shows the sequences of bases obtained for the 266 bp region of the human 

KGF gene. Each nucleotide is represented by a chromatogram indicating the location of 

a specific nucleotide in the original template. The nucleotides adenine, thymine, cytosine 

and guanine are shown as green, red, blue and black chromatograms, respectively along 

with the initial letter (A, T, C and G) corresponding to the specific chromatogram. An 

additional letter (N) was observed, particularly in the initial few bases, which could not 

be ascribed by the DNA sequencer.

The sequence obtained was evaluated by comparing with the sequence of the targeted 

region of KGF gene (accession number M25295) in the gene bank originally submitted 

by Finch et al (1989). The obtained sequence was found to be identical with the target 

region of KGF gene in accession number M25295 except for the initial few base pairs 

(page 106), which might arise fi’om anomalous migration of the initial few bases that 

subsequently compresses the adjacent bands of DNA to the point where they become 

unreadable by the sequencer (Sambrook et al. 1989).
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Figure 3.11. Fluorescence detection of nucleotide sequence of a targeted region in the human 

KGF gene. PCR product of a pair of KGF primers was purified and subjected to the dideoxy chain- 

termination reaction using fluorescent-labelled ddNTP. The sequence detected by fluorescence 

measurements at four different wavelengths appeared as a series of green, red, blue and black 

chromatograms along with the initial letter of the nucleotides (A, T, C and G) that indicate the location 

of adenine, thymine, cytosine and guanine, respectively. The letter N represents unreadable bases 

which could not be assigned.
Î
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Sequence of bases in the target region of KGF (accession number-M 25295):

(location of 654 to 919)

TCTGTCGAACACAGTGGTACCTGAGGATCGATAAAAGAGG

CAAAGTAAAAGGGACCCAAGAGATGAAGAATAATTACAATATCATGGAAAT

CAGGACAGTGGCAGTTGGAATTGTGGCAATCAAAGGGGTGGAAAGTGAATTC

TATCTTGCAATGAACAAGGAAGGAAAACTCTATGCAAAGAAAGAATGCAAT

GAAGATTGTAACTTCAAAGAACTAATTCTGGAAAACCATTACAACACATATG

CATCAGCTAAATGGACACAC

Sequence obtained (matched from the position: 694-919)

^GAGNACGATATANANN"

CAAAGTAAAAGGGACCCAAGAGATGAAGAATAATTACAATATCATGGAAAT

CAGGACAGTGGCAGTTGGAATTGTGGCAATCAAAGGGGTGGAAAGTGAATTC

TATCTTGCAATGAACAAGGAAGGAAAACTCTATGCAAAGAAAGAATGCAAT

GAAGATTGTAACTTCAAAGAACTAATTCTGGAAAACCATTACAACACATATG

CATCAGCTAAATGGACACAC

^refers to the bases not matched with the sequences in accession number M25295, shown 

underlined.

*N indicates unreadable bases.

As shown above, although the initial 40 bases were not identical, the nucleotide sequence 

in the remaining part of the amplified product was one and the same with target region of 

the human KGF gene, thus confirming that the PCR fragment is KGF mRNA. This 

finding also indicates the primer pair used for KGF mRNA amplification is KGF specific.

106



Chapter 3

3.2 EXPRESSION OF KGF BY GINGIVAL FIBROBLASTS IN  VITRO

The results of the previous section showed the up-regulation of KGF in GH tissues both 

at the protein and transcription levels. Thus, a common feature which accompanies the 

pharmacological actions of the functionally and structurally different drugs that elicit GH 

is the up-regulation of KGF, although it is not clear whether this is caused by the 

hyperplasia-inducing drugs directly or as a secondary effect of other growth factors and 

cytokines which are elevated in GH tissues (Nares et al. 1996; Atilla and Kutukculer 

1998) and which also influence the expression of KGF (Brauchle et al. 1994). Gingival 

cells were therefore obtained and cultured in vitro in order to examine the mechanism(s) 

by which KGF expression is regulated.

In this part of the study, the level of KGF secretion was measured using normal gingival 

fibroblast cells and compared with that of fibroblast cells grown from GH tissue in vitro 

in order to examine whether in vivo over-expression of KGF persists in vitro.

3.2.1 Phenotypic characterisation of gingival fibroblasts

In order to determine the level of KGF expression in vitro, fibroblasts were explanted 

from NG, IG and GH tissues, as described in 2.3.1. Within 3 to 6  days of explantation, 

individual spindle-shaped fibroblast-like cells were observed either in direct contact with 

the tissue explants or having migrated a short distance from the explants. In addition to 

these spindle-shaped cells, cuboidal epithelial-like cells were also seen in almost all 

primary gingival cultures (Figure 3.12), although these developed large vacuole-like 

structures between 10 and 15 days of explantation and gradually detached from the 

surface of the culture dish. At the time of trypsinization, the fibroblast-like cells were by 

form the most predominant, if not sole, cell type in these cultures. These cells readily
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detached by trypsin treatment and were collected, centrifuged and re-cultured, as 

described in section 2.3.3. In subsequent sub-cultures, the spindle-shaped fibroblast-like 

cells were the only cell morphology encountered, forming a continuous palisade of 

tightly packed cells at confluence and possessing the property of contact inhibition 

(Figure 3.13).

Figure 3.12. Phase-contrast photomicrograph of a gingival expiant. Spindle-shaped 

fibroblast-like cells (red arrows) and cuboidal epithelial-like cells (unfilled arrows) 

migrating from the gingival tissue explanted for 7 days. Note the growth of epithelial- 

like cells as a continuous sheet in contact with the explant, while the fibroblast-like cells 

are individually scattered and randomly orientated away from the explant and remained 

entrapped among the epithelial-like cells (original magnification x 100).
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S

Figure 3.13. Phase-contrast photomicrograph of a confluent fibroblast culture.

Note the absence of cuboidal epithelial-like cells (original magnification x 100).

A characteristic feature of fibroblastic cells is the expression of the enzyme prolyl-4- 

hydroxylase, involved in collagen synthesis (Wilkinson et al. 1992). The gingival cells 

obtained as described above were therefore immunostained with a monoclonal antibody 

against this specific enzyme prolyl-4-hydroxylase (clone 5B5), as described in section 

2.4.1. Figure 3.14 shows that brown staining, which indicates the presence of this 

enzyme, was diffuse throughout the cytoplasm, although it appeared to be more intense 

adjacent to the cell nuclei and gradually decreased towards the cell membrane. All cells 

were found to be positive for this mesenchymal cell-specific antibody after passage 3, 

suggesting that the cells were derived from the mesenchymal components of the explant 

and were fibroblasts. Light microscopic observation of the control cells, which received 

non-specific mouse IgG 1 instead of the primary antibody, showed them to be clearly
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Figure 3.14. Immunostaining of fibroblast-like cells against proly 1-4-hydroxylase.

A. Cells incubated with non-specific mouse IgG 1, showing no immunoreactivity. The 

cell nuclei appear blue due to counter-staining with haematoxylin. B Cells incubated 

with anti-prolyl-4-hydroxylase. Note the diffuse brown staining throughout the 

cytoplasm of all cells in the culture (original magnification x 200).
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negative (Figure 3.14 A), In addition, cells incubated with an antibody against the 

epithelial cell-specific antigen cytokeratins 5, 6, 8 and 17 (clone MNP 116), showed no 

immunoreactivity, indicating the absence of cells of epithelial origin in the cultures (not 

shown).

3.2.2 Secretion of KGF by gingival fibroblasts

In order to determine the amount of KGF secreted by the fibroblasts obtained from the 

NG, IG and GH tissue samples, the supernatants were collected fî om cultures of NG 

(n = 9), IG (n = 8) and GH (n = 9) fibroblasts at passage 3. The concentrations of KGF in 

the supernatants were measured twice using ELISA and calculated firom a standard curve 

generated using rKGF between 0.3 and 5.0 ng/ml, as described in section 2.2.3.2. The 

results in Figure 3.15 show that the average amounts of KGF secreted by fibroblasts 

derived from the NG and IG explants were 0.32 ± 0.04 (range 0.11 to 0.72) and 0.39 ± 

0.02 (range 0.20 to 0.61) ng/ml, respectively. In 1 of the 9 NG fibroblasts, the cells were 

observed to secrete a much higher amount of KGF (0.72 ng/ml); the average level of 

KGF, with the exclusion of that specific sample, was therefore even lower (average 0.27 

± 0.02; range 0.11 to 0.42 ng/ml). In marked contrast to the NG and IG fibroblasts, much 

greater amounts of KGF were secreted into the culture media of fibroblasts obtained from 

the GH tissue samples, with an average of 0.79 ± 0.09 (range 0.30 to 1.62) ng/ml, as 

shown in Figure 3.15. Thus, the average amount of KGF secreted by the GH fibroblasts 

was more than 2-fold greater than the amounts secreted by NG and IG fibroblasts. 

Relatively higher amounts of KGF were present in 3 of the 9 samples of GH fibroblasts 

(> 1.00 ng/ml); even after exclusion of these 3 samples, the average level of KGF
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secretion by the GH-derived fibroblasts (average 0.51 ± 0.03 ng/ml) was still 1.6 and 1.3 

times greater than KGF secretion by the NG and IG fibroblasts, respectively.

One-way ANOVA (analysis of variance) showed that the amount of KGF in the GH 

fibroblast cultures was significantly greater than the amount present in the NG 

(p < 0.01) and IG (p < 0.05) fibroblast cultures. No statistically significant difference 

was observed in the amounts of KGF secreted by fibroblasts fiom the NG and IG tissues 

(p > 0.05).

2.0

1.5 -

I 1.0 -

* * t  (0.79)
O

0.5 - (0.39)
(0.32)

0.0

FIBROBLASTS

Figure 3.15. Distribution of KGF secreted by fibroblasts explanted from NG, IG 

and GH tissues. The supernatants were collected fi'om the cultures of fibroblast derived 

fix)m NG, IG and GH tissues, and KGF was measured in each sample by ELISA. 

Horizontal lines and bold numbers in brackets indicate the average amounts of KGF in 

each group. Significance levels compared with NG and IG fibroblasts:

** p < 0.01 (highly significant), compared with fibroblasts derived fix>m NG tissues;

$p < 0.05 (significant), compared with fibroblasts derived fix)m IG tissues.
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3.2.3 Expression of KGF mRNA by gingival fibroblasts

In order to determine whether the elevated levels of KGF secretion in vitro were 

associated with increased transcription of this gene, the level of KGF mRNA was 

measured in gingival fibroblasts explanted from 6 of each of the NG, IG and GH tissues. 

RNA isolated from 3T3 fibroblasts and gingival epithelial cells was used as positive and 

negative controls; these cells have been shown to be KGF-positive and-negative, 

respectively (Finch et al. 1989; Dabelsteen et al. 1997). Total RNA was extracted, 

cDNA synthesised and subsequently amplified using the KGF-specific oligonucleotide 

primers (Table 2.3), as described in sections 2.6.1 and 2.6.2. The house-keeping gene 

GAPDH was also amplified as an internal control in order to measure the relative levels 

of KGF mRNA in the different cells semi-quantitatively, as described in section 2.6.2.4.

A linear relationship between the number of cycles of PCR amplification and the 

intensities of the bands was examined using RNA extracted from the gingival fibroblasts, 

for both the GAPDH and KGF gene sequences, by carrying out the PCR at 5 cycle steps, 

from 10 to 40 cycles, as described in 3.1.3. The results showed that both the PCR bands 

corresponding to GAPDH (Figure 3.16. A) and KGF (Figure 3.16. B) gene sequences 

appeared at the end of cycle 15 and gradually increased in intensity with the increased 

number of amplification cycles, shown graphically (Figure 3.16 C). As seen in Figure 

3.16 (C), the linearity of the amplification was maintained up to the end of 30 cycles for 

GAPDH gene, whereas in case of the KGF gene it appeared to be up to 35 cycles. Cycle 

25 was selected from this amplification profile for the subsequent amplification reactions.
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Figure 3.16. Relationship between the number of amplification cycles and band 

intensities of GAPDH and KGF gene sequences in vitro. PCR was carried out using 

GAPDH- and KGF-specific oligonucleotide primers at 5-cycle steps, fi'om 10 to 40 

cycles, subjected to electrophoresis. A and B. Agarose gels containing PCR products of 

the GAPDH and KGF gene sequences (cycle 10 not shown) and analysed using the Scion 

image software programme. C. Numbers of cycles are plotted against the band 

intensities of the PCR products to determine the amplification efficiency. Note the fall of 

amplification by 30 and 35 cycles for the GAPDH and KGF gene amplifications, 

respectively.

114



Chapter 3

A representative gel containing fibroblasts fi'om all three types of gingiva and the 

controls is shown in Figure 3.17. The integrity of the RNA samples is shown by the 

presence of the GAPDH (600 bp) band. The results in this gel show that in marked 

contrast to the NG and IG tissue samples (section 3.1.3), KGF mRNA is present in 

fibroblasts cultured fi'om both types of gingiva as well as in fibroblasts explanted fi'om 

GH tissues.

GAPDH
(jSQObp)

KGF
1766 lip)

NGF IGF GHF 3T3 GE

Figure 3.17. Agarose gel showing PCR products of the KGF and GAPDH genes.

The elctrophoretic mobilities of the PCR products were compared with that of the Ikb 

DNA size marker (not shown). Lane NGF: fibroblasts obtained fi'om the NG tissue; lane 

IGF: fibroblasts Ifom the IG tissue; lane GHF : fibroblasts from the GH tissue, lane 3T3: 

murine fibroblasts used as a positive control; and lane GE: normal gingival epithelial 

cells used as a negative control. Note the presence of a band corresponding to the 

molecular size of the KGF gene sequence (266 bp) in the fibroblasts derived fi'om NG, 

IG, GH tissues and in the positive control (3T3 cells). The KGF band is absent in the 

negative control (GE cells).
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Image analysis profiles of the relative intensities of the KGF and GAPDH bands obtained 

from this gel, shown in Figure 3.18, again indicate that KGF mRNA was expressed by 

fibroblasts obtained from each of the different tissue samples. The KEI values obtained 

from this representative experiment are 22, 23 and 32 for the fibroblasts obtained from 

NG, IG and GH tissues, respectively. 3T3 and gingival epithelial cells, the positive and 

negative controls, produced KEI values of 284 and 0, respectively. Thus the band 

intensity corresponding to the KGF gene sequence was found to be greater in the 

fibroblasts explanted from GH tissues, as shown in Figure 3.18. As expected, the lane 

corresponding to GE cell is clearly negative.

Table 3.2 shows the average relative levels of KGF mRNA in fibroblast cultures obtained 

from 6 of each of the NG, IG and GH tissues. The ratio of KGF/GAPDH was calculated 

from the KGF and GAPDH band intensities for each sample in each experiment, carried 

out twice under the same conditions. The KEI were calculated for each sample in each 

cell type examined and are shown in bold (± SEM). The average KEI in the NG 

fibroblasts was found to be 18.00 ± 2.27, ranging between 5.00 and 25.00, very similar to 

that in the cultured IG fibroblasts (KEI of 17.00 ± 1.37; range 11.00 - 24.00). The 

average KEI produced by the GH fibroblasts was 32.30 ± 4.93, the range varying 

between 19.00 and 66.00. Thus, the expression of KGF mRNA in fibroblasts obtained 

from GH was elevated approximately 2-fold compared with fibroblasts grown from the 

NG and IG tissue samples, although the analysis carried out using ANOVA showed no 

significant difference (p > 0.05).
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Figure 3.18. Image analysis profile. Image analysis of the agarose gel in Figure 3.17, 

showing the presence of bands corresponding to KGF mRNA in all the samples except 

GE (negative control). The numbers in brackets are the KEI values of the respective 

samples. Note the higher KEI value for the fibroblasts explanted from GH tissue.
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Table 3.2. Relative levels of KGF transcripts in gingival fibroblasts in vitro

Cell
sample

GAPDH 
band intensity 

(range)

KGF 
band intensity 

(range)

Ratio of 
KGF/GAPDH 

(range)

KEI
value

(range)

Average
KEI

±SEM

NG 
(n = 6)

1479-4405 142 - 893 0.05 - 0.25 5 -25 18.00
± 2.27

IG
(n = 6)

2171-5180 328 - 782 0.11-0.24 11-24 17.00
± 1.37

GH 
(n = 6)

3056 - 5032 696 - 2304 0.19-0.66 19-66 32.30
±4.93

Band intensities corresponding to KGF and GAPDH mRNA in cultured fibroblasts 

obtained fi'om the NG, IG and GH tissue samples were measured by image analysis. 

Average KEI is shown in bold ± SEM for each type of cultured cell.

The results in this section thus show that fibroblasts explanted fi'om GH tissues secrete a 

relatively greater amount of KGF compared with the fibroblasts derived from NG and IG 

tissues. In addition, the elevated level of KGF secretion by GH fibroblasts was found to 

be associated with increased KGF gene transcription. This finding thus suggests that the 

up-regulation of KGF in GH tissue in vivo also persists in cultured GH fibroblasts in 

vitro.
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3.3 EFFECTS OF HYPERPLASIA-INDUCING DRUGS ON GINGIVAL 

FIBROBLASTS IN  VITRO

The underlying mechanism(s) of KGF over-expression by fibroblasts obtained from GH 

tissue remains uncertain, but appears to be clearly related to exposure of the tissues to 

GH-inducing drugs in vivo. This part of the study has therefore examined the effects of 

drugs on KGF secretion and gene transcription by normal gingival fibroblasts in vitro.

3.3.1 Toxicity of hyperplasia-inducing drugs

The morphology of the fibroblasts was observed under phase contrast microscope each 

day during the period of incubation with hyperplasia-inducing drugs. The characteristic 

elongated, spindle-shaped morphology remained unchanged even after incubation for 7 

days in the presence of a wide range of CsA, NIF and PHT concentrations. Thus these 

drugs appear to be compatible with normal cell morphology. Moreover, cell viability 

was assessed by trypan blue exclusion assay and more than 90% were found to be intact, 

very similar to the control cells, thus no deleterious effects of these drugs on the cells 

were observed, suggesting non-toxicity of the drugs on gingival cells (data not shown).

3.3.2 Effects of hyperplasia-inducing drugs on KGF secretion

3.3.2.1 Dose and duration effects of CsA, NIF and PHT on KGF secretion

An initial experiment was carried out to evaluate the dose effects of CsA, NIF and PHT 

on the level of KGF secretion. Gingival fibroblasts were incubated in the presence of 

these drugs at various concentrations for 7 days and KGF was measured in the 

supernatants obtained on each day, using ELISA. However, in subsequent experiments, 

these drugs were used at their post-therapeutic serum levels (Seymour and Heasman
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1988; Salo et al. 1990; Hefti et al. 1994). Assays were carried out twice in replicate. 

KGF secretion was found to decline after 3 days with all 3 drugs at all concentrations, 

therefore the results are shown up to day 3 although KGF was monitored up to day 7.

To examine the dose-related effects of CsA, gingival fibroblasts were treated with a wide 

range of CsA (range 50 to 1000 ng/ml) for 7 days and KGF was measured in the 

supernatants. As shown in Figure 3.19 (A), higher levels of KGF were present in the 

supernatant of CsA-treated cultures compared to the control cultures on each day of 

measurement. Maximum amounts of KGF were observed with all the concentrations at 

day 2 and declined thereafter. Greater amounts of KGF were present in cultures 

incubated with 500 ng/ml of CsA, while 50 ng/ml of CsA (the lowest concentration) 

appeared to be the least effective dose. Relative to the levels of KGF present in control 

cultures (defined as 100), the maximum secretion of KGF was observed on day 1 in 

cultures incubated with 125, 500 and 1000 ng/ml CsA (246, 356 and 293%, respectively). 

The maximum relative levels of KGF secretion with 50 and 250 ng/ml of CsA were 

observed on day 2 which were 178 and 307% greater than the control cultures, 

respectively. It is notable that maximum KGF secretion was observed with 500 ng/ml of 

CsA, which is very similar to the plasma threshold level of this drug required to induce 

GH.

Similarly, dose-related effects of NIF on KGF secretion were examined by treating 

fibroblasts with concentrations ranging from 50 to 300 ng/ml of NIF for 7 days and 

subsequently monitoring KGF levels in the supernatants. Relatively higher levels of 

KGF were present in the supernatants of NIF-treated cultures compared to controls. As 

shown in Figure 3.19 (B), maximum levels of KGF were observed on day 1 in all NIF- 

treated cultures, on average 205% (range 130 to 270) greater than the control level, which
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Figure 3.19. Dose effects of CsA, NIF and PHT on KGF secretion. Cultures of 

normal gingival fibroblasts were incubated in the absence and presence of CsA (A) NIF 

(B) and PHT (C) at indicated concentrations and KGF was measured in the supernatants 

by ELISA. The data represent means ± SD of a single experiment conducted in replicate 

and are shown as relative to controls, defined as 100. Where no bars are seen, the errors 

were less than the symbol size. Note maximum levels of KGF secretions by the cells 

incubated with all 3 drugs at the concentrations equivalent to the post-therapeutic serum 

levels.
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was defined as 100. However, maximum KGF secretion was observed in the culture 

treated with 200 ng/ml NIF and was 270% greater than the control. The amounts of KGF 

present in the 50 ng/ml of NIF-treated cultures were either similar or lower than the 

amount secreted by the untreated control cultures on days 2 and 3.

As shown in Figure 3.19 (C), KGF increased with time in all PHT-treated cultures 

(ranging from 1 to 15 pg/ml). Maximum relative levels of KGF were measured on day 1 

in the supernatants of all PHT-treated cultures, on average 339% (range 109 to 513) 

greater than the control level. It is notable that maximum KGF was detected on each day 

in the cultures incubated with 10 pg/ml PHT, which is equivalent to the post-therapeutic 

serum level. The levels of KGF secretions were found either remain unchanged or 

decline after day 3, with all concentrations.

3.3 .2 .2  E ffects o f  C sA  on K G F  secretion

In order to determine the effects of CsA on KGF secretion, normal gingival fibroblasts 

(n = 5) were treated with 250 and 500 ng/ml of CsA for 4 days, supernatants were 

collected (section 2.4.2) and KGF measured by ELISA, as described in section 2.2.3.2. 

The effects of CsA on KGF secretion in a representative experiment are shown in Figure

3.20. KGF secretion increased with time in both control and CsA-treated cultures. In 

this particular experiment, KGF secreted by the cells in the control culture was 

0.39 ± 0.04 on day 1 and reached a maximum of 0.58 ± 0.06 on day 3. In marked 

contrast to the control, KGF levels were 0.73 ± 0.02 and 1.74 ± 0.05 ng/ml on day 1 in 

CsA-treated cultures at concentrations of 250 and 500 ng/ml (190 and 450% greater than 

the control), respectively. KGF levels were progressively increased, as in the controls 

and reached maximum of 0.90 ± 0.06 ng/ml and 2.08 ± 0.08 ng/ml on day 3 with 250 and
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500 ng/ml of CsA, respectively. KGF secretion in both control and CsA-treated cultures 

declined after day 3.

3.0 ,
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Incubation time (days)

F igu re 3 .20 . R epresen tative E L IS A  a ssa y  sh ow in g  th e effects o f  C sA  on  K G F  

secretion . Gingival fibroblasts were incubated in the absence and presence of 250 and 

500 ng/ml of CsA. The data shown are the mean ± SD (vertical lines) of a single 

experiment, conducted in triplicate. Note the increased amounts of KGF in CsA-treated 

cultures compared to the control.

Average KGF secretion in control and CsA-treated cultures is shown in Table 3.3. 

Relatively low levels of KGF were present in control cultures (average 0.50 ± 0.01 ng/ml; 

range 0.34 to 0.62 ng/ml). In marked contrast, much greater levels of KGF were present 

in the supernatant of cells treated with CsA. KGF secretion progressively increased from 

day 1 in CsA-treated cultures and reached a maximum of 0.87 ±0.15 ng/ml (range 0.41 

to 2.26 ng/ml) on day 3 with 250 ng/ml of CsA. Average KGF secretion was even higher
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in cultures incubated with 500 ng/ml of CsA, with a maximum on day 2 of an average 

1.46 ± 0.13 ng/ml (range 0.26 to 1.92 ng/ml).

Table 3 3 . Effects of CsA on KGF secretion by gingival fibroblasts in vitro.

Incubation time 
(days) Control CsA (250 ng/ml) CsA (500 ng/ml)

1 0.34 ±0.05 0.52 ±0.06 0.74 ±0.07

(0.16-0.76) (0.19-0.92) (0.42 - 1.23)

2 0.46 ± 0.08 0.69 ±0.11 1.46 ±0.13

(0.13-1.23) (0.31 -1.68) (0.26 -1.92)

3 0.62 ±0.11 0.87 ±0.15 0.99 ±0.14

(0.28 -1.64) (0.41-2.26) (0.42-2.12)

4 0.56 ±0.10 0.78 ±0.12 0.89 ±0.15

(0.24 -1.46) (0.37-1.92) (0.32-2.28)

The values shown are the average amounts of KGF secretion (ng/ml) ± SEM in the 

control and CsA-treated cultures in 10 separate experiments, conducted in triplicate. 

Range of secretion levels is shown in brackets.

KGF secretions induced by CsA, relative to control, defined as 100, is shown in Figure

3.21. The maximum relative levels of KGF secretion were observed on day 1 and were 

189 and 255% greater than the controls with 250 and 500 ng/ml of CsA, respectively.

The data were analysed using two-way ANOVA with Bonferroni correction for multiple 

comparisons. Differences in the levels of KGF between the CsA-treated and control 

cultures were very highly significant (p < 0.001) on each day of measurement at both 

concentrations. Again, the apparent differences in levels of KGF at 2 different

124



Chapter 3

concentrations of CsA were found to be statistically significant (p < 0.05). However, 

KGF levels on each day of measurement were not statistically different (p > 0.05). The 

levels of KGF in different fibroblast cultures were not statistically significant (p > 0.05).
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Figure 3.21. Effects of CsA on KGF secretion by gingival fibroblasts. Cultures of 

normal gingival fibroblasts were incubated in the absence and presence of 250 and 500 

ng/ml CsA. The data shown are the average relative levels of KGF secretion in 10 

separate experiments carried out in triplicate ± SEM (vertical line); control is defined as 

100. Note maximum KGF on day 1 at both concentrations of CsA.

3.3.2.3 Effects of NIF on KGF secretion

In order to determine the effects of NIF on KGF secretions, normal gingival fibroblasts 

(n = 5) were treated with 100 and 200 ng/ml NIF and supernatants were obtained on day 

1 and days 3 to 6. Since no detectable difference in KGF was observed on days 2 and 3, 

supernatants were not collected on day 2.
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A  representative experiment showing the effects of NIF on KGF secretion is shown in 

Figure 3.22. In this particular experiment, KGF in control cultures was on average 0.72 

± 0.08 ng/ml. In marked contrast, much higher levels of KGF were detected in NIF-treated 

cultures, with a maximum of 1.50 ± 0.00 and 4.02 ± 0.05 ng/ml on day 6 and 5 with 100 and 

200 ng/ml NIF, respectively. However, maximum relative levels of KGF were observed on 

day 4 and were 250 and 710% greater than controls in 100 and 200 ng/ml of NIF-treated 

cultures, respectively.
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Figure 3.22. Representative assay showing the effects of NIF on KGF secretion.

Cultures of normal gingival fibroblasts were incubated in the absence and presence of 100 

and 200 ng/ml of NIF. The data shown are the mean ± SD (vertical line) of a single 

experiment, conducted in triplicate. Note increased levels of KGF in NIF-treated compared 

with control cultures and maximum levels attained on day 6 and 5 with lower and higher 

concentrations of NIF, respectively.
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Table 3.4 shows average absolute KGF level in control and NIF-treated cultures. 

Relatively low levels of KGF were present in control supernatants (average 0.69 ± 0.02 

ng/ml; range 0.48 to 0.84 ng/ml). NIF-treated cells secreted much greater amounts of 

KGF, progressively increasing fiom day 1 and reaching a maximum of 1.37 ± 0.11 ng/ml 

(range 0.48 to 1.97 ng/ml) on day 6 with 100 ng/ml NIF. The average level of KGF 

secretion was even higher in cultures incubated with 200 ng/ml NIF, with a maximum 

level on day 5 (average 1.79 ± 0.12 ng/ml; range 1.16 to 3.01 ng/ml). Thus KGF 

secretion in response to NIF appears to be dose- and time-dependent.

Table 3.4. Effects of NIF on KGF secretion by gingival fibroblasts in vitro.

Incubation time 
(days) Control NIF (100 ng/ml) NIF (200 ng/ml)

1
0.48 ± 0.05 0.64 ± 0.06 1.18 ±0.13

(0.13-0.74) (0.18 - 0.92) (0.29-2.07)

0.67 + 0.04 0.98 ± 0.07 1.46 ± 0.13
D

(0.36-0.92) (0.39- 1.35) (0.51 -2.36)

4
0.68 ± 0.04 

(0.44-0.98)

0.99 ±0.05 

(0.58 -1.29)

1.50 ±0.13 

(0.58-2.38)

c
0.81 ±0.07 1.08 ±0.06 1.79 ±0.12

D
(0.42 -1.38) (0.71 -1.50) (1.16-3.01)

6
0.84 ±0.07 

(0.30 -1.09)

1.37 ±0.06 

(0.48-1.97)

1.79 ±0.14 

(0.85 - 2.92)

The data represent mean KGF measured (ng/ml ± SEM) in 10 experiments, each 

conducted in triplicate, in control and NIF-treated cultures on each day of measurement. 

The numbers in brackets represent the range of secretion levels.
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Compared with the control cultures, defined as 100, the average amounts of KGF 

(± SEM) in the supernatants of NIF-treated cultures are shown in Figure 3.23. The 

maximum relative levels of KGF secretions were detected on day 3 and day 1 in 100 and 

200 ng/ml NIF-treated cultures, and were 160 and 230% greater than the amount secreted 

by the control cells, respectively. Since no difference was observed in the relative levels 

of KGF on subsequent days, result is shown only up to day 4. Thus, KGF secretion in 

response to NIF appears to be dose- and time-dependent.
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Figure 3.23. Effects of NIF on KGF secretion by gingival fibroblasts. Cultures of 

normal gingival fibroblasts were incubated in the absence and presence of 100 and 200 

ng/ml of NIF. The data shown represent average relative levels of KGF in 10 separate 

experiments carried out in triplicate ± SEM (vertical line); control is defined as 100. 

Note maximum levels of KGF on day 3 and 1 at 100 and 200 ng/ml NIF, respectively.

Using two-way ANOVA, KGF levels were significantly higher at both concentrations of 

NIF (p < 0.001 and <0.01 in 200 and 100 ng/ml of NIF treated cultures, respectively) 

compared with the control cultures, on each day of KGF measurement. Again the
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differences in the amounts of KGF secreted with 100 and 200 ng/ml of NIF were very 

highly significant (p < 0.001). However, the apparent differences in the levels of KGF 

observed on each day of measurement and between different fibroblast cultures were not 

significant statistically (p > 0.05).

3.3.2.4 Effects of PHT on KGF secretion

KGF was measured in control and PHT-treated (5 and 10 pg/ml) gingival fibroblast 

culture supernatants (n = 6) in order to determine the effect of PHT on KGF secretion. 

Figure 3.24 is a representative assay showing KGF levels in the absence and presence of 

PHT. The amount of KGF secretion was increased with time in both control and PHT-

1.6
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D PHT (5 ug/ml) 

nPHF( 10ug/ ni )

1 2  3 4

Incubation time (days)

Figure 3.24. Representative ELISA assay showing the effects of PHT on KGF 

secretion. Normal gingival fibroblasts were incubated in the absence and presence of 

PHT. The data shown are the mean ± SD (vertical line) of a single experiment, 

conducted in triplicate. Note maximum levels of KGF secretions on day 3 at both 

concentrations of PHT.
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treated cultures. KGF in controls was 0.26 ± 0.01 ng/ml on day 1 and attained a 

maximum on day 3, amounting to 0.53 ± 0.01 ng/ml. In marked contrast, PHT-treated 

cells secreted much greater amounts of KGF with a maximum on day 3 at both 

concentrations (190 and 237% greater than control culture at 5 and 10 (xg/ml of PHT, 

respectively). Thus PHT shows dose-related stimulatory effects on KGF secretion.

Table 3.5 shows the average absolute amount of KGF in control and PHT-treated 

cultures. Relatively low levels of KGF were present in the supernatants of the control

Table 3.5. Effects of PHT on KGF secretion by gingival fibroblasts in vitro.

Incubation time 
(days) Control PHT (5 pg/ml) PHT (10 pg/ml)

1 0.76 ±0.06 
(0.25 -1.24)

1.39 ±0.13 
(0.55-2.42)

1.84 ±0.16 
(0.46-3.08)

2 1.02 ±0.12 
(0.33-2.22)

1.85 ±0.18 
(0.48-3.44)

2.44 ±0.15 
(0.98-3.34)

3 1.16±0.11
(0.43-2.15)

1.98 ±0.15 
(0.89-3.28)

2.29 ±0.14 
(1.27-3.77)

4 1.32 ±0.14 
(0.43-2.65)

1.59 ±0.14 
(0.46-2.91)

2.41 ±0.18 
(1.30-4.35)

The values shown are the average amount of KGF secretion (ng/ml) ± SEM in 12 

separate experiments, each conducted in triplicate at each time. The range of KGF 

secretion levels is shown in brackets.

130



Chapter 3

cultures. In marked contrast, the cells treated with PHT secreted much greater amounts 

of KGF, maximum on days 3 and 2, in 5 and 10 pg/ml of PHT-treated cultures, and were 

1.98 ± 0.15 and 2.44 ±0.15 ng/ml (170 and 240% greater than the control), respectively. 

Figure 3.25 represents the relative average amounts of KGF (± SEM) in the supernatants 

of PHT-treated cultures in a total of 12 separate experiments, compared with the control 

cultures, defined as 100. As observed with the other two drugs, PHT-treated cells 

secreted much greater amounts of KGF compared with the control cells. The maximum 

relative levels of KGF secretions were detected on day 2 with both concentrations of 

PHT, which were 200 and 350 % greater than the amount secreted by control cells. Thus 

KGF secretion in response to PHT appears to be dose- and time-dependent.
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Figure 3.25. Effects of PHT on KGF secretion by gingival fibroblasts. Normal 

gingival fibroblasts were incubated in the absence and presence of 5 and 10 pg/ml of 

PHT and the amount of KGF in the supernatants were measured by ELISA. The data 

shown are the average relative level of KGF ± SEM (vertical line) in 12 separate 

experiments, each carried out in triplicate, control culture is defined as 100. Note 

maximum levels of KGF on day 2 at both concentrations of PHT.
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Two-way ANOVA showed a very highly significant difference in the level of KGF 

secretion with both concentrations of PHT on every day of measurement compared with 

controls (p < 0.001). Again, the differences in KGF level secreted in response to 5 and 

10 pg/ml of PHT were very highly significant (p < 0.001). No significant difference was 

observed in KGF secretion between different cell cultures or to each day of measurement 

(p > 0.05).

Thus the results in this section have shown that KGF secretion by normal gingival 

fibroblasts is up-regulated in vitro following incubation with all three drugs known to 

induce GH in vivo.

3.3.3 Effects of CsA, NIF and PHT on KGF gene transcription

In order to determine whether the elevated levels of KGF secretion induced by CsA, NIF 

and PHT in vitro were associated with increased transcription of the KGF gene, semi- 

quantitative PCR was carried out using GAPDH as the internal control. The gingival 

fibroblasts were grown up to 80% confluency, serum starved and then treated with CsA 

(250 and 500 ng/ml), NIF (100 and 200 ng/ml) and PHT (5 and 10 pg/ml) in 1% FCS 

containing medium. The control cells were cultured in 1% FCS containing medium with 

drug solvent at the same concentrations as that of the test cultures.

In an initial experiment, KGF mRNA transcription was measured by treating normal 

gingival fibroblasts with CsA, NIF and PHT on every day for 4 days. A maximum KEI 

was obtained on day 3 with all 3 drugs (data not shown), therefore KEI measured on day 

3 in all subsequent experiments.
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3.3.3.1 Effects of CsA on KGF gene transcription

Representative gels of the RT-PCR products of the gingival fibroblasts cultured in the 

absence and presence of CsA are depicted in Figure 3.26. All samples showed the band 

corresponding to the predicted molecular size of the GAPDH gene sequence confirming 

that the RNA extracted from the samples was intact and not degraded. In addition to this 

GAPDH band, the band corresponding to the KGF gene sequence was observed in both 

control and CsA-treated cells. The image analysis profiles of the relative intensities of 

the GAPDH and KGF bands of this gel are also shown in Figure 3.26. KEI values for 

untreated and CsA-treated cultures were calculated jfrom the intensities of KGF and 

GAPDH bands. The KEI values obtained in this representative experiment were 24, 34 

and 47 for the control, 250 and 500 ng/ml of CsA-treated cells (1.4 and 2.0 times the 

control level), respectively.

Figure 3.27 shows the distribution of individual KEI values of each of the control and 

CsA-treated fibroblast cultures (n = 5) carried out on 3 occasions. Average KEI for 

controls was 40 ± 4.0 (range 18 to 68), whereas cells incubated with 250 and 500 ng/ml 

of CsA produced KEI values of 56 ± 6.0 (range 22 to 97) and 60 ± 5.0 (range 24 to 85), 

respectively. Thus, up-regulation of KGF gene activities was observed with both 

concentrations of CsA and was approximately 150% greater than the controls. Although 

the overall KEI was greater in cells treated with 500 ng/ml than in cells treated with 

lower dose of CsA, in 1 of the 5 cultures KEI for the cells treated with 250 ng/ml CsA 

was higher than the cells treated with 500 ng/ml.

Two-way ANOVA showed that the difference in KEI between cells treated with 500 

ng/ml of CsA and controls was significant (p < 0.05), whereas the apparent difference 

between 250 ng/ml of CsA-treated and control cells was not statistically significant
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Figure 3.26. Effects of CsA on KGF gene transcription in gingival fibroblasts. A

representative experiment of normal gingival fibroblasts cultured in the absence and 

presence o f250 and 500 ng/ml of CsA for 3 days. Each panel shows the electrophoretic 

mobility of the RT-PCR products and the corresponding image analysis of these bands: 

A control cultures; B and C fibroblasts incubated with 250 and 500 ng/ml CsA, 

respectively. Note increasing amounts of the KGF gene product (266 bp) in panels B 

and C. Numbers in brackets are the KEI values in each panel.
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(p > 0.05). The apparent difiference in KEI obtained with 500 and 250 ng/ml was not 

statistically different.

100
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a (40)
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Control 250 ngYml 500 ng/ml

CYCLOSPORIN A

Figure 3.27. Distribution of KEI values in control and CsA-treated cells. The data 

represent the KEI for control and CsA-treated cells, obtained fiom 15 separate 

experiments. Horizontal lines and bold numbers in brackets are the mean KEI. Note that 

the mean KEI for cells treated with CsA are higher than for control cells. Significance 

levels compared with control: *p < 0.05 (significant).

3 3 3 .2  Effects of NIF on KGF gene transcription

Gingival fibroblasts (n = 5) were treated with NIF at 100 and 200 ng/ml to evaluate its 

effect on KGF gene transcription. Representative gels and image analysis profiles of the 

RT-PCR products of gingival fibroblasts cultured in the absence and presence of NIF are 

shown in Figure 3.28. Bands of equal intensities corresponding to the molecular size of
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Figure 3.28. Effects of NIF on KGF mRNA transcripts in gingival fibroblasts.

A representative experiment of normal gingival fibroblasts cultured in the absence

(A) and presence of 100 and 200 ng/ml of NIF (B and C, respectively) for 3 days. 

Each panel shows the electrophoretic mobility of the RT-PCR products and the 

corresponding image analysis of these bands. Note the presence of GAPDH bands 

(600 bp) of similar intensity in all three panels and increasing amounts of the KGF 

gene product (266 bp) in panels B and C. Numbers in brackets are the KEI in each 

panel.
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GAPDH were detected in control and NIF-treated cells. Bands corresponding to the 

molecular size of KGF were found to be more intense in NIF-treated cells compared with 

the controls and produced KEI values o f43,63 and 84 in the control, 100 and 200 ng/ml 

NIF-treated cells, respectively. Thus, compared with the control cells, the KEI values 

were 1.4 and 1.9 times greater in 100 and 200 ng/ml of NIF-treated cells, respectively. 

The distribution of individual KEI values in a total of 15 experiments is shown in Figure 

3.29. Average KEI increased to 52 ± 4.0 (range 16 to 69) and 56 ± 5.0 (range 16 to 84) 

in 100 and 200 ng /ml NIF-treated gingival fibroblasts, respectively, compared with the

100
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(38)40

20  -

100 ikg/ml 200 ngfml

NIFEDPINE

Figure 3.29. Distribution ofK EIin control and NIF-treated cells. The data represent 

KEI for control and NIF-treated cell at two different concentrations, obtained fiom 15 

separate experiments. Horizontal lines and bold numbers in brackets indicate average 

KEI, higher in the NIF-treated cells than in controls. Significance levels compared with 

control: *p < 0.05.
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Two-way ANOVA showed that KEI for cells treated with 200 ng/ml of NIF was 

significantly greater than that for controls (p < 0.05), whereas the apparent difference 

between control and 100 ng/ml NIF-treated cells was not statistically significant 

(p > 0.05). Again, the apparent difference in KEI obtained with different doses of NIF 

was not statistically different (p > 0.05).

3.3.3.3 Effects of PHT on KGF gene transcription

Normal gingival fibroblasts (n = 6) were treated with 5 and 10 pg/ml PHT in order to 

evaluate the effect on KGF gene transcription. Representative gels and the image 

analysis profiles of the RT-PCR products of the gingival fibroblasts cultured in the 

absence and presence of PHT is shown in Figure 3.30. The intact bands corresponding to 

the molecular size of the GAPDH were observed in fibroblasts cultured in the absence 

and presence of PHT, indicating the intact RNA in all samples. In addition to the 

GAPDH band, an additional band corresponding to the molecular size of KGF gene 

sequence was observed in both control and PHT-treated cells. KEI obtained from this 

representative experiment were 19,28 and 47 for the controls and for cells treated with 5 

and 10 pg/ml of PHT (1.5 and 2.5 times greater than the control cells), respectively. 

Individual KEI obtained from 12 separate experiments carried out in the absence and 

presence of PHT, are shown in Figure 3.31. Average KEI for controls was 16 ± 3.0 

(range 4 to 34), but rose to 26 ± 5.0 (range 12 to 58) and 33 ± 7.0 (range 12 to 75) in 5 

and 10 pg /ml of PHT-treated gingival fibroblasts, respectively. Thus, KGF gene 

activities were found to be increased by 1.7 and 2.1 times greater than the control cell.
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Figure 330. Effects of PHT on KGF mRNA transcription in gingival fibroblasts. A

representative experiment of normal gingival fibroblasts cultured in the absence (A) and presence of 5

(B) and 10 pg/ml (C) of PHT for 3 days. Each panel shows the electrophoretic mobility of the RT- 

PCR products and the corresponding image analysis of these bands. Numbers in brackets are the KEI 

values corresponding to each samples.
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Figure 3.31. Distribution of KEI in control and PHT-treated cells. The data shown 

are the KEI values for the control and PHT-treated cell obtained from 12 separate 

experiments. Horizontal lines and bold numbers in brackets indicate average KEI, higher 

for PHT-treated cells than for controls. Significance levels compared with control:

*p < 0.05.

Two-way ANOVA showed that KEI for cells treated with 10 pg/ml of PHT were 

statistically significant (p < 0.05) compared with the control cells, while the diflferences 

in KEI obtained from control and 5 pg/ml PHT (p > 0.05) and two concentrations of PHT 

were not statistically significant (p > 0.05).

The results in this section have shown that KGF gene transcription in normal gingival 

fibroblasts is up-regulated in vitro following incubation with all three drugs known to 

induce GH in vivo.
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3.4 REGULATION OF KGF

In the previous section, KGF was found to be up-regulated by CsA, NIF and PHT in 

vitro, although the mechanism involved in regulation of this activity of these drugs is not 

known. Nevertheless, it has been reported that these drugs are involved in the synthesis 

of certain bioactive molecules, including growth factors and cytokines, which further 

regulates various activities of cells (Brown et al. 1991; Seymour et al. 1996). PDGF, 

EGF, TGF p, lL-1, lL-6 are among these bioactive molecules. Notably these molecules 

have also been recognized as potent inducers of KGF in fibroblast cell lines originated 

from human and murine species (Brauchle et al. 1994; Chedid et al. 1994). Thus it is 

possible that the drugs might induce KGF through these molecules. In order to elucidate 

the mechanism involved in increased secretion of KGF in drug-treated gingival 

fibroblasts, the effects of serum, PDGF, lL-1 and DHT on KGF secretion were measured 

in gingival fibroblast supernatants. Control cultures were incubated with low serum (1%) 

containing full culture media.

3.4.1 Effects of Serum on KGF

Although serum is known to be a potent inducer of KGF in dermal fibroblasts and murine 

3T3 cells, its effect on gingival fibroblasts is not yet known. Since fibroblasts derived 

from different sources respond differently to the same stimulus (Hassell et al. 1976), this 

part of the study was carried out to examine the effects of serum on KGF secretion by 

normal gingival fibroblasts.

After serum starvation, gingival fibroblasts (n = 3) were incubated with full culture media 

containing 10% FCS, as described in section 2.4.2 and KGF measured in the supernatants 

twice using ELISA (section 2.2.3.2). The results showed that KGF secretion increased
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with time both in control and serum-stimulated cultures, however a relatively higher 

amount being found in the latter. The results of 6 separate assays carried out with serum- 

stimulated gingival fibroblast supernatants are summarised in Table 3.6. The maximum 

relative level of KGF in serum-stimulated cultures was observed on day 3 and was 2.35 

times higher than the amount of KGF present in the controls (0.39 ±0.16 ng/ml; range 

0.17 to 0.58).

Table 3.6. Effects of growth mediators on KGF secretion by gingival fibroblasts in vitro

Conditions
KGF

Relative level (± SEM) Range (ng/ml)
p value

Serum 2.35 ±0.31 0.22 -1.66 0.003

PDGF 2.82 ±0.72 0.30-1.06 0.02

IL-1 2.58 ±0.14 0.49-2.17 0.003

DHT 1.72 ±0.20 0.35 -1.84 0.002

The values shown are the relative level of KGF secretion ± SEM in indicated condition. 

Range of KGF is shown.

The non-conditioned media containing 1 and 10% FCS were also subjected to ELISA to 

determine the indigenous KGF, to confirm that KGF detected in the culture supernatants 

(conditioned media) was secreted by the cells, and did not represent the innate KGF. The 

results of 2 separate experiments, carried out in triplicate, showed that average KGF in
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10% FCS-containing medium was 0.07 ng/ml, whereas KGF was not detected in 1% 

FCS-containing medium.

In order to determine whether the elevated KGF induced by serum in cultures correlated 

with increased KGF gene transcription, semi-quantitative PCR was carried out using 

GAPDH as the internal control and the relative level of KGF mRNA was measured, as 

described in section 2.6.2.4. The results showed an increase in KGF gene transcription 

^with time, attaining a maximum KEI at 72 h of serum stimulation. Mean KEI obtained 

from 3 separate experiments in serum-stimulated cultures at 72 h was found to be 2.1 

(± 0.54) times greater than the basal level (average KEI 19 ± 2.27; range 16 - 22).

3.4.2 Effects of PDGF BB on KGF secretion

The results in section 3.4.1 showed up-regulation of KGF in serum-stimulated cultures 

both at the protein and transcription levels. In order to identify the serum components 

responsible for the stimulatory effect on KGF expression, gingival fibroblasts (n = 3) 

were treated with 10 ng/ml of PDGF (section 2.4.2) and KGF was measured in the 

supernatants using ELISA. As shown in Table 3.6, a maximum relative level of KGF 

secretion induced by PDGF was measured on day 3 and was 2,82 fold greater than the 

control (average 0.27 ±0.10; range 0.17 to 0.44 ng/ml).

KGF mRNA level thus far shown was analysed using semi-quantitative RT-PCR. The finding o f RT-PCR 

was verified with the northern blot analysis, which measures transcription o f genes quantitatively (data 

shown in chapter 4).
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3.4.3 Effects of IL-1 on KGF secretion

IL-1 has been shown to be involved in the molecular pathogenesis of GH (Myrillas et al. 

1999) and it is also a potent inducer of KGF (Chedid et al. 1994). It is possible therefore 

that CsA, NIF and PHT induce KGF through IL-1. To examine this, normal gingival 

fibroblasts (n = 4) were treated with IL-1 (both a  and p) in 1% FCS containing culture 

media, as described in section 2.4.2 and KGF was measured in the supernatants using 

ELISA assay, as described in section 2.2.3.2. The result showed that KGF secretion 

increased with time in control as well as in IL-1 treated cultures. A maximum relative 

level of KGF secretion was observed on day 4 with both isoforms of IL-1, which was on 

average 2.58 times greater than in the control cultures (average 0.62 ± 0.22; range 0.21 to 

1.54 ng/ml), as shown in Table 3.6.

3.4.4 Effects of testosterone on KGF secretion

A possible role of testosterone in the pathogenesis of GH was shown by Dayan et al. 

(1998), although the exact mechanism is unknown. Evidence suggests that KGF 

functions as a mediator of testosterone (Peehl and Rubin 1995) and is also elevated in 

prostate stromal cells in response to DHT (Planz et a l 1998). However, the effect of 

testosterone on KGF secretion by gingival fibroblasts has not yet been evaluated. This 

part of the study therefore evaluated the effect of testosterone on KGF secretion by 

normal gingival fibroblasts. The cells (n = 4) were serum starved for 48 h and treated 

with 20 ng/ml DHT in phenol-red free medium containing charcoal treated serum and 

KGF was measured in the supernatants using ELISA. As shown in Table 3.6 a maximum 

relative level of KGF secretion in DHT-treated cultures was observed on day 3, and was 

1.72 times greater than the control (average KGF 0.68 ± 0.20; range 0.19 to 1.27 ng/ml).
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Thus, this section of the study show that KGF secretion is elevated by PDGF, IL-1 and 

testosterone, which are known to be inducers of KGF in fibroblast cell lines originated 

from other tissues or organs.

3.5 DISCUSSION

GH is a well-known side-effect of certain groups of drugs with immunosuppressive, 

calcium-channel blocking and anti-epileptic activity. The most commonly used drugs 

displaying these properties are CsA, NIF and PHT, respectively. All 3 drugs have been 

shown to affect the metabolic activities of fibroblasts derived from gingiva as well as 

dermal and knee capsular ligament in vitro (Moy et al. 1985; Henderson et al. 1997). 

Notably, only gingival tissue is subject to drug-induced hyperplastic reaction. The reason 

why this effect is restricted to the gingiva is not known, although it is possible that 

gingival tissue may be exposed to higher drug concentrations than other tissues (Marshall 

and Bartold 1998), both directly from the bloodstream as well as from the oral cavity 

through the sulcular epithelium (Steinberg et al. 1981; Ellis et al. 1995; Ayanoglou and 

Lesty 1999). In addition, these drugs have been reported to influence the activities of 

gingival fibroblasts either directly (Brown et al. 1991; Newell and Irwin 1997) or 

indirectly through biological mediators such as growth factors (Dill et al. 1993; 

Williamson et al. 1994; lacopino et al. 1997). Since these growth factors are involved in 

regulation of many essential cellular processes such as proliferation, differentiation, and 

apoptosis (Powers et al. 2000), the modulation of these growth factors by CsA, NIF and 

PHT is therefore likely to be of fundamental importance in the pathogenesis of GH.

FGFs comprise a family of 22 related peptides which have been implicated in a wide 

range of both normal physiological and pathological processes involving epithelial,
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mesenchymal and neuronal cells (Hajihosseini et al. 2001). KGF is a potent mitogen for 

epithelial cells both in vivo and in vitro (Rubin et al. 1989) and has been implicated in 

tissue repair and regeneration, with a primary impact on the proliferation of epithelial 

cells (Werner et al. 1992; Staiano-Coico et al. 1993). In addition, KGF was also shown 

to be a 100-fold more effective inhibitor of epithelial cell-specific collagenase-1 than 

bFGF (Pilcher et al. 1997), possibly contributing to the excessive accumulation of ECM 

as has been observed in hyperplastic lesions, including GH. The association of KGF with 

hyperplastic lesions of prostate and breast has been reported (Yi et al. 1994; De Beilis et 

al. 1998) and suggests that it might also have a central role in the pathogenesis of GH. 

Moreover, a possible role of epithelial cell mitogenic factors has been suggested due to 

association of the acanthotic epithelium with elongated rete pegs in GH tissues (van der 

Wall et al. 1985; Marshall and Bartold 1998), which is confirmed by the present study. 

Since KGF is a potent epithelial mitogenic factor and its role in GH pathology is not 

known, an attempt was made to evaluate the role of KGF in GH pathology.

Even though the role of KGF in the maintenance of epithelial tissue homeostasis is well 

known, its role in oral tissues, including gingiva has not been extensively investigated 

(Gao et al. 1996; Dabelsteen et al. 1997). In addition, there is only very little data 

describing immunolocalisation and cellular distribution of KGF in tissues (Jacquemier et 

al. 1998; Planz et al. 1999; Mackenzie and Gao 2001). The present finding, that KGF 

was not expressed in NG tissues, while GH tissues showed a strong signal for KGF, 

localized both in the CT and epithelium, is consistent with KGF expression in benign 

hyperplasia and cancer of prostate, in marked contrast to its location within stromal 

tissues only in normal prostate (Planz et al. 1999). Similarly, KGF has also been reported 

as localized to both stromal and epithelial tissues in approximately 15% of human breast
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carcinomas, while in the remainder of the reported cases it was detected either in the 

epithelial tissues or in the CT (Jacquemier et al. 1998).

In the GH tissue sections, the diffuse appearance of KGF in CT with no clear association 

with a particular cell type, might reflect the binding of KGF to HSPG, which are low- 

affinity non-signalling receptors and have been suggested to protect this antigen from 

thermal and enzymatic degradation (Basilico and Moscatelli 1992), thus maintaining the 

integrity of this antigen before being bound to its high affinity signalling receptor, KGFR 

(Baird and Ling 1987). The observation of a relatively greater amount of KGF in the CT 

subjacent to the basement membrane perhaps reflects the fimctional heterogeneity in the 

fibroblast populations located in the papillary and reticular layers, the superficial and 

deeper layers of the CT, respectively, as observed for other molecules such as type I pro

collagen and migration stimulating factor (Tajima and Pinnell 1981; Irwin et al. 1994). 

Another possible explanation for the presence of relatively higher levels of KGF in the 

papillary layer of the CT is that, after synthesis and secretion by mesenchymal cells in the 

reticular layers, KGF diffuses and accumulates adjacent to the epithelial cells, in which 

the KGFR is expressed. Further possible regulation may be effected by a gatekeeper 

activity of the basement membrane which controls access of KGF to the target cells 

(Friedl et al. 1997). This local accumulation may thus form a reservoir for KGF adjacent 

to its receptor to initiate signal-transducing epithelial growth processes.

The finding that KGF is detected in epithelium, in addition to CT, is probably due to the 

formation of complexes with KGFR, which is expressed only in epithelium and is 

consistent with the previously reported evidence (Jacquemier et al. 1998). However, the 

distribution of KGF was not uniform, being more prominent in the comified and granular 

cell layers compared to the basal and spinous. Although the reason for this variable
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expression pattern is not clear, KGF may be internalised after it binds to the KGFR 

(Marchese et al. 1998) at the basal layer and subsequently the KGF-KGFR complex may 

move superficially as the cell containing this complex migrates in the process of 

kératinisation (Latkowski et al. 1995). The reason for the lower level of this complex in 

the basal and spinous cell layers is not known, but may be related to the higher rate of 

cell turnover in these layers (Beagrie and Skougaard 1962) which results in rapid 

transport of the KGF-KGFR complex. Greater retention in the outer layer is probably 

because of slow differentiation of epithelial cells in GH pathology (Ayanoglou and Lesty 

1999).

Although no detectable staining with KGF-specific antibody has been observed in NG 

tissues, this does not exclude the possibility that only very low levels of this antigen may 

still be present but not detectable by the technique used here. As reported previously, 

detection of KGF by immunostaining is affected by the fixatives used for the biopsy 

samples and that might explain the possible reason for failure to detect this antigen in the 

formalin-fixed paraffin-embedded tissues used in this study (Lin et al. 1994; Planz et al.

1999). Because, KGF antigen and its transcripts have previously been reported to be 

preserved comparatively in the tissues frozen in liquid N2 (McGarvey and Steams 1995; 

Planz et al. 1999), therefore cryostat sections of NG tissues might be stained positive for 

KGF. However, due to lack of properly oriented cryostat sections, immunohistochemical 

analysis in this kind of tissues was not possible. A different and direct approach was 

therefore made in order to examine the possible presence of KGF in NG and GH tissue 

lysates using ELISA. The results showed that KGF was detected in the NG tissue 

samples, although at very low levels compared with the GH tissues, the amount of KGF 

present in the GH tissue samples being approximately 10-fold greater than the NG tissue.
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These data suggest that very low levels of KGF are expressed in the NG tissues and that 

there was an increased level of KGF in the tissue extracts of the GH tissues, consistent 

with the findings in another study that demonstrated up-regulation of KGF by > 3-fold in 

benign prostate hyperplasia (Ropiquet et al. 1999). The differential results obtained 

using two different methods may be related to the applications of two different antibodies 

for detection of KGF in the immunohistochemistry and ELISA techniques and they might 

have different antigenic recognition sites. Another possible explanation for the 

discrepancy in the results is that immunostaining was carried out on formalin-fixed 

paraffin-embedded tissues whereas protein was extracted from tissues snap frozen in 

liquid N2, which is considered as a more effective preservative for this antigen 

(McGarvey and Steams 1995; Planz et al. 1999).

The wide range in KGF levels observed in the GH tissue lysates may have been related to 

the age of the patients, types of medication that had been administered (Seymour and 

Jacobs 1992; Hefti et al. 1994) and other growth mediators present in the environment of 

gingival tissue, which have an influence on the levels of KGF (Brauchle et al. 1994; 

Chedid et al. 1994). This may also be related to the functional activity of fibroblasts 

particularly the synthetic and proliferative activities (Hassell et al. 1976; Tipton et al. 

1991), possibly modulated by factors such as binding to the drugs (Vemillo and Schwartz 

1987; Talas etal. 1999).

The reason that a lower level of KGF was present in the biopsy samples obtained from 

the patients undergoing combined therapy of CsA and NIF is not known, but suggests 

that there may be an interaction between these two drugs that influence the regulation of 

KGF in a negative manner. This finding perhaps indicates that the level of KGF is not 

co-related with the severity of GH, because a synergistic or additive effect of CsA and
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NIF has been recognised in occurrence and severity of this pathology (Thomason et al. 

1993). Nevertheless, it is difficult to draw a firm conclusion with only 4 samples in this 

group.

In order to determine whether the elevated levels of KGF in GH tissues were also 

associated with its increased gene activity, the KGF gene activity was measured by semi- 

quantitative RT-PCR. The finding that none of the 10 NG samples expressed KGF 

mRNA was expected considering the observations of immunohistochemical assay. On 

the contrary, the RT-PCR result was not in agreement with the data obtained by ELISA 

carried out with NG tissue lysates. It is difficult to explain why KGF gene transcription 

was absent in NG tissues despite presence of KGF in tissue lysates, however it may be 

due to a very low amount or lack of CT tissue in those biopsy samples, because KGF- 

specific gene transcription is localized only in the CT (Rubin et al. 1989). Moreover, the 

absence of this mRNA in NG tissue samples may be because of partial degradation of 

this particular mRNA, despite the integrity of the GAPDH gene product, as reported 

before in breast tissues by Koos et al. (1993). Since KGF mRNA was absent in all the 

NG tissue samples it is unlikely that this gene is selectively degraded in all the samples, 

although a low level of KGF mRNA was detected in NG tissues by hybridizing the KGF- 

specific probes (Mackenzie and Gao 2001). This observation thus suggests that KGF is 

likely to play a more prominent part in GH disease pathology compared with the normal 

turnover and repair of the gingival epithelium. This growth factor has been reported 

previously also in the disease process rather than in the healthy status of a tissue. For 

example, Shima et al. (2000) reported KGF expression in renal dysplasia, while absent in 

normal kidney. In addition, KGF has been reported as a mediator for the transmission of 

the activity of steroid hormones and is also regulated by steroid hormones (Alarid et al.

150



Chapter 3

1994; Peehl and Rubin 1995), the hormonal status of a tissue thus may also have an 

influence in the expression of this growth factor. Since gingiva has been recognised as a 

target tissue of androgen (Southren et al. 1978; Parkar et al. 1996), it is thus possible that 

the level of KGF in gingival tissues is affected by this hormone. Notably, the level of 

androgen is relatively greater in GH tissues than in NG (Southren et al. 1978).

The present study has also shown that only 1 of the 7 IG samples expressed KGF mRNA. 

Since the KGF gene itself is up-regulated by other growth factors and cytokines, 

including IL-1, IL-6, TNF-a and PDGF (Brauchle et al. 1994; Chedid et al. 1994), a high 

level of KGF mRNA expression miÿit be anticipated in IG tissues, as has been 

demonstrated previously in other pathologies associated with elevated cytokine levels 

such as inflammatory bowel disease (Finch et al. 1996; Brauchle et al. 1996). However, 

the apparent absence of KGF in all but 1 of the IG tissues used in the present study may 

have been due to the presurgical treatment of the patients, which was aimed at 

elimination of the active inflammatory components. Moreover, since gingival 

inflammation is not a continuous process and undergoes alternate periods of disease 

exacerbation and quiescence (Carranza and Newman 1996), it is also possible that the IG 

tissue samples used here were in an inactive rather than active phase, except for the 1 

which showed a positive signal for KGF mRNA. Again, the absence of KGF gene in all 

but 1 of the IG tissue samples may also possibly be due to selective partial degradation of 

KGF mRNA, as mentioned in case of NG tissues or possibly due to lack of sufficient 

mesenchymal tissue in the biopsy specimens. In contrast, the present finding 

demonstrates that KGF mRNA was up-regulated in 11 of 14 GH tissue samples. 

Although it is not clear why this transcript was absent in 3 of the GH samples, it may be 

due to the same reason specified in case of NG and IG tissues. However, whether the
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absence of KGF gene transcription in these 3 samples is co-related with the expression of 

this antigen could not be evaluated, due to the shortage of tissue portions for protein 

analysis. Nevertheless, this gene transcript was found to be increased by more than 6- 

fold in the GH tissues, as a whole irrespective of the inducing drugs, very similar to the 

increased level of this gene transcription in other pathologic conditions, such as 

pancreatic cancer, in which up-regulation was found to be 5-fold (Siddiqi et al. 1995). 

This finding thus confirms that KGF gene transcription is unequivocally associated with 

the elevated level of KGF protein, as observed in GH.

In order to determine whether in vivo over-expression of KGF persists in vitro, this 

growth factor was measured in the culture supernatants of the fibroblasts grown from 

NG, IG and GH tissue samples by ELISA. The findings that the GH fibroblasts secreted 

more than twice the amount of KGF than that of the NG and IG fibroblasts, suggest that 

over-expression of KGF by GH tissues in vivo, persists over the long-term in vitro, even 

in the absence of hyperplasia-inducing drugs and of other growth mediators present in the 

gingival tissue, which might influence the expression of KGF. However, no such 

difference in the level of KGF expression was detected in the cells explanted from normal 

and hyperplastic prostate (Story et al. 1994). This differential expression of KGF in 

cultures may particularly relate to the effects of hyperplasia-inducing drugs on KGF, 

because long-term retention of metabolic effects of these drugs on the synthesis of 

protein and proteoglycans have been reported previously (Hassel et al. 1976; Zebrowski 

et a l 1994), although a reduced synthetic activity and proliferation of GH fibroblasts was 

reported (Bartold 1987).

KGF mRNA levels measured in the fibroblasts derived from NG, IG and GH tissue 

cultured in vitro showed an approximately 2-fold greater KGF transcript levels in the GH
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fibroblasts compared with the NG and IG fibroblasts. Thus, in vitro the NG and IG 

fibroblasts expressed KGF, whereas no KGF mRNA was expressed in the corresponding 

tissue samples from which they were derived. This suggests that the culture conditions 

may have either selected cells, which were KGF positive or could have induced KGF 

expression in cells which had been KGF-negative in vivo (Dabelsteen et al. 1997). KGF 

expression is known to be controlled by a number of growth factors and mediators 

(Brauchle et al. 1994) and at least some of these are undoubtedly present in the culture 

medium used here. Although this apparent difference was not statistically significant, it 

indicates that the elevated amounts of KGF secreted by the fibroblasts derived from GH 

tissues was associated with an increased level of KGF gene transcription. These 

observations thus support the concept that fibroblasts derived from GH tissue retain their 

activated phenotypes in vitro, as described previously by Hassel et al. (1976).

Elevated level of KGF both at the protein and mRNA levels in both the GH fibroblasts 

and tissue samples suggest the possibility that hyperplasia-inducing drugs up-regulate 

KGF. To examine therefore the effects of hyperplasia-inducing drugs, KGF was 

measured in the culture supernatants of the normal gingival fibroblasts treated with CsA, 

NIF and PHT in vitro, initially using a wide range of drug concentrations. It is notable 

that the maximum level of KGF secretion which was seen at therapeutic drug 

concentrations associated with the medications used (Salo et al. 1990; Bolzani et al.

2000), with maximum stimulation for PHT and minimum for NIF. The finding that there 

was increased KGF secretion initially in all cultures at least up to day 3, irrespective of 

the incubating drug, and declined or remained unchanged thereafter might be due to the 

gradual loss of KGF with continuous incubation at 37°C, as reported previously by Wen
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et al. 1996). This may also indicate continuous breakdown of KGF either by proteases 

secreted by the cells or increasing acid pH of the medium, since KGF has been reported 

to be an acid-labile molecule (Rubin et al. 1989). The elevated levels of KGF in CsA- 

NIF- and PHT-treated cultures were found to be associated with KGF gene transcription, 

again greater with PHT than the CsA and NIF, and a maximum effect was noted at 72 b 

with all 3 representative hyperplasia-inducing drugs. Although the effect of hyperplasia- 

inducing drugs on KGF was evaluated for the first time, evidence suggests that these 

drugs induce some other growth factors in gingiva. For example a relatively greater level 

of PDGF, TGF (3 have been reported in GH tissues (Dill et al. 1993; Plemons et al. 1996; 

Saito et al. 1996), suggesting an important role for growth factors in GH.

Taken together, these findings have demonstrated that all 3 hyperplasia-inducing drugs 

up-regulated KGF protein production and KGF gene transcription in gingival fibroblast 

cells in culture, although the mechanism involved in up-regulation of KGF in response to 

these drugs is not known. Nevertheless, certain growth mediators, such as PDGF, TGF- 

p, IL-1, and DHT have been implicated in the pathogenesis of GH (Brown et al. 1991; 

Williamson et al. 1994; Nares et al. 1996; Dayan et al. 1998), thus it is possible that the 

drugs might act through these molecules because they have also been identified as potent 

inducers of KGF in fibroblast cell lines M426 and 3T3, human and murine in origin, 

respectively (Chedid et al. 1994; Brauchle et al. 1994). Therefore, the effects of these 

mediators on KGF secretion by normal gingival fibroblasts were evaluated.

The finding of the present study showed an elevated level of KGF production by serum- 

stimulated gingival fibroblasts, so the serum appears to have a positive influence on the 

gingival fibroblasts as reported previously by Brauchle et al. (1994) in 3T3 fibroblast cell
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line. They observed KGF-specific protein of variable sizes (19, 22, 23, 26 and 40 kD) in 

serum-stimulated cultures, possibly reflecting the multiple carbohydrate modifications, in 

contrast to the lesser amount of KGF with the molecular size of 19 kD in control cultures. 

Increased KGF gene activity (> 2 fold) observed in serum-stimulated gingival fibroblasts, 

which was maximal at 72 h, similar to that reported in periodontal ligament fibroblasts 

measured by northern blotting (Dabelsteen et al. 1997). This serum-induced KGF gene 

transcription in fibroblasts derived from gingiva and periodontal ligament appears to be 

very slow and less effective, since in another study maximum levels were demonstrated 

at 5-8 and 8-10 h in 3T3 cells and human dermal fibroblasts, respectively, which was 

18-28 fold higher compared to the basal level (Brauchle et al. 1994).

The serum components, which might be responsible for this stimulatory effect on KGF 

secretion, could include PDGF, since PDGF-induced KGF gene transcription has been 

shown previously in 3T3 and M426 fibroblast cell lines (Brauchle et al. 1994; Chedid et 

al 1994). Moreover, evidence showed that PDGF BB is markedly elevated in the GH 

tissues compared with NG and IG tissues (Dill et al. 1993; Plemons et al. 1996; lacopino 

et al. 1997). Thus the present finding of elevated levels of KGF in PDGF BB-treated 

gingival fibroblast supernatants confirms the findings reported previously (Brauchle et al. 

1994; Chedid et al. 1994) and suggests that an increased level of PDGF BB in GH 

pathology might up-regulate KGF and further lead to the epithelial proliferation, a 

characteristic histological feature of GH.

Since IL-1 has also been implicated in the molecular pathogenesis of GH (Myrillas et al. 

1999) and this cytokine is also reported to induce KGF gene transcription by 15-28 fold 

within an hour in 3T3 cells (Chedid et al. 1994) and 4.4 fold in M426 cell lines (Brauchle 

et al. 1994), the effect of IL-1 on KGF secretion by normal gingival fibroblasts was
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examined. The result showed that KGF secretion is enhanced by more than 2-fold and 

thus suggests an association of IL-1 in up-regulation of this growth factor and a possible 

contribution in epithelial proliferation.

The present finding that KGF is elevated in DHT-treated cultures is consistent with the 

observation of Planz et al (1998), who have demonstrated approximately 2-fold increases 

in KGF secretion by prostate stromal cells in response to DHT. Thus the finding of this 

study suggests the possibility that steroid hormone may be important in the pathogenesis 

of GH by mediating the production of KGF. Notably, growth factors including KGF 

have been reported to be down-regulated following castration (Steiner 1995), which has 

been reported to block the occurrence of GH (Dayan et al. 1998). It is thus possible that 

the reduced GH pathology observed after castration is due to the resultant decreased level 

ofKGF.

Thus, all the mediators examined in this study have been shown to induce increased 

levels of KGF compared with the control cultures, with PDGF being the most potent 

stimulant. However, a wide range in the amount of KGF secreted by the different 

gingival fibroblast cell cultures in response to the same stimulation was observed. 

Although the reason for this variation of KGF response is not clear, it may be related to 

the differential uptake, metabolism and binding of these mediators and of the drugs to 

gingival cells obtained from different individuals (Vemillo and Schwartz 1987; Talas et 

al. 1999) which may further reflect inter-individual susceptibility to the hyperplasia- 

inducing drugs in vivo (Seymour et al. 1996).
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3.6 CONCLUSIONS

The experiments carried out in this part of the study have shown that:

• histopathologically, hyperplstic gingiva is characterised by a thickened 

epithelium with elongated rete pegs;

• KGF is either not expressed in normal gingival tissues or may be expressed at 

very low levels, whereas it is readily detected in hyperplastic gingiva;

• over-expression of KGF in hyperplastic gingival tissue in vivo is retained by the 

fibroblasts in vitro;

• up-regulation of KGF occurs at both the mRNA and protein levels in the 

presence cyclosporin A, nifedipine and phenytoin in vitro, suggesting that these 

drugs may cause gingival hyperplasia by up-regulating KGF in vivo;

• KGF secretion by gingival fibroblasts is up-regulated in the presence of

PDGF BB, IL-1 and androgens in vitro, therefore, drugs may function via these 

factors.
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CHAPTER 4

KERATINOCYTE GROWTH FACTOR RECEPTOR 

IN GINGIVAL HYPERPLASIA

4.1 EXPRESSION OF KGFR IN GINGIVAL TISSUE/VFZra

The interaction between growth factors and their receptors plays a crucial role during 

development and in the maintenance of tissue homeostasis in the adult. KGF is a key 

mediator in regulating the growth and function of epithelial tissues. The role of KGF in 

the process of re-epithelialization (Werner et al. 1992), including the formation of hair 

follicles and sebaceous glands (Pierce et al. 1994) and maturation of the basement 

membrane (Staiano-Coico et al. 1993) during wound repair, is well-documented in vivo. 

KGF has also been reported to promote the early steps of the keratinocyte 

differentiation (Marchese et al. 1997) and to inhibit terminal differentiation and 

apoptosis of cultured human kératinocytes (Hines and Allen-Hoffmann 1996).

The results in the previous chapter showed that KGF is markedly up-regulated in GH 

tissues in vivo. In addition, up-regulation of both KGF secretion and transcription of the 

KGF gene was also observed in gingival fibroblasts treated with CsA, NIF and PHT in 

vitro (chapter 3). However, in order to understand the specific role of KGF in GH 

pathology, it is essential to study the expression of the corresponding receptor, KGFR, 

because receptor expression determines the sensitivity and responses of target cells to 

the factor. Since the localisation and distribution of this receptor in gingival tissues are 

not yet known, this part of the study was carried out:

i) to determine the expression and distribution pattern of KGFR in NG and GH 

tissues by immunohistochemistry;
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ii) to measure KGFR gene activity in NG and GH tissues using RT-PCR;

iii) to establish the identify of the amplified PGR product by DNA sequencing.

4.1.1 Immunohistochemical detection of KGFR

Immunohistochemical staining was performed on formalin-fixed paraffin-embedded 

gingival tissue sections (NG = 7 and GH = 12), using a primary rabbit polyclonal 

antibody, dcaXi-bek (Table 2.1). Immunoreactivity was detected using a biotin-conjugated 

swine anti-rabbit secondary antibody and subsequent application of ExtrAvidin 

peroxidase. The reaction was visualized with DAB substrate and the sections 

subsequently counterstained with haematoxylin, mounted and then viewed under the light 

microscope, as described in section 2.2.2.

Brown-coloured stain corresponding to KGFR was observed in the epithelium in all NG 

and GH tissue sections (Figure 4.1 - 4.2). However, a relatively higher staining intensity 

was observed in the GH tissue sections. In NG sections the staining was localised to the 

spinous and granular cell layers, whereas there was no detectable KGFR in the basal and 

comified cell layers (the inner and outermost layers of the epithelium, relatively) (Figure 

4.1). In marked contrast, in the GH tissue samples KGFR was detected in the basal as 

well as the spinous and granular cell layers (Figure 4.2). However, the comified layer 

showed no staining, as observed in the NG tissue sections. Notably, KGFR was also 

found to be present intracellularly as well as surface-associated, especially in the basal 

layer.
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Figure 4.1. Immunohistochemical analysis of KGFR in NG tissues. A. Control 

NG tissue section which received no primary antibody. Note the absence of 

immunoreactivity. B. NG tissue section incubated with 2ini\-bek antibody. The 

brown-coloured enzyme reaction product corresponding to KGFR is seen in the 

spinous and granular cell layers. Note the absence of KGFR in the basal and 

comified cell layers (original magnification x 500).
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Figure 4.1. Immunohistochemical analysis of KGFR in NG tissues. C. High 

power yiew of the section shown in Figure 4.1 B. Note the presence of intracellular 

brown staining in the spinous and granular cells (original magnification x 900).

In addition to the epithelial tissues, a relatiyely lower intensity positiye reaction was 

obseryed in the CT portion of both NG and GH tissues. Control sections of both 

types of tissues, which receiyed no primary antibody, were negatiye (A in Figures 4.1 

and 4.2).
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Figure 4.2. Immunohistochemical analysis of KGFR in GH tissues. A. Control 

GH tissue section which received no primary antibody. Note the absence of any 

visible immunoreactivity. B. GH tissue section incubated with anti-^eA: antibody. 

Brown-coloured enzyme reaction product corresponding to KGFR is seen in the basal, 

spinous and granular layers of the epithelium, although not in the comified cell layer 

(original magnification x 500).
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Figure 4.2. Immunohistochemical analysis of KGFR in GH tissues. High power 

view of the section shown in Figure 4.2 (B). C. Note the absence of brown colour in 

the comified cell layer and presence of intracellular brown staining in the spinous and 

granular cell layers. D. Note the presence of extracellular staining in the basal cell 

layer and intracellular staining in the spinous cell layer (original magnification x 900).
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4,1.2 Measurement of KGFR mRNA transcripts

In order to examine whether the apparently elevated level of KGFR-specific protein in 

the GH tissue samples, as visualized by immunohistochemical analysis, was associated 

with increased gene activity, the relative level of KGFR gene expression was measured 

by semi-quantitative RT-PCR using GAPDH as an internal control. Total RNA was 

extracted from 26 tissue samples (NG = 9, IG = 6 and GH = 11), as described in the 

section 2.6.1. RNA from normal human skin was used as a positive control (Finch et al, 

1995). Since KGFR mRNA is expressed only in the epithelial tissues, to provide an 

appropriate negative control, a connective tissue, PDL was examined for the KGFR 

gene activity, using RT-PCR (as described in section 2.6). The result showed that 

KGFR gene transcription is not expressed in PDL. Considering this finding, PDL was 

used as a negative control in this study.

In order to determine the linear range of KGFR gene amplification, PCR was carried out 

using KGFR-specific primers at 5 cycle steps, from 10 to 40 cycles. The reaction 

products were then subjected to electrophoresis and the intensities of the bands 

analysed, as described in section 2.6.2.4. The relationship between the number of 

amplification cycles and KGFR band intensities is graphically shown in Figure 4.3. The 

amplification of the KGFR gene sequence was linear, and this linearity of amplification 

was maintained at least through 40 cycles. As shown in Figure 4.3, the amplification 

profile of KGFR gene is very similar to that of the house-keeping gene GAPDH 

established previously (section 3.2). The amplification rate appeared to be relatively 

higher during cycles 30 than afterwards, therefore, 30 cycles of PCR was selected from 

this amplification profile and used for all subsequent experiments.
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Figure 4.3. Relationship between number of amplification cycles and band 

intensities of GAPDH and KGFR gene sequences. PCR was carried out at 5-cycle 

steps, from 10 to 40 cycles, subjected to electrophoresis and the intensities of KGFR 

and GAPDH bands analysed. Number of cycles is plotted against the intensities of 

PCR products. Note that the amplification was linear between 15 and 40 cycles for 

both the GAPDH and KGFR genes.

The integrity of all RNA samples was assessed by amplifying the house-keeping gene 

GAPDH. When the RNA samples were found intact, they were amplified using the 

KGFR-specific primers (Table 2.3), as described in section 2.6.2.2. In order to 

determine the relative levels of KGFR mRNA expression, the ratio of the 

KGFR/GAPDH band intensities was calculated for each sample and expressed as the 

KRI (section 2.6.2.4).

165



Chapter 4

A representative gel containing samples of the NG, IG, GH tissues and controls (skin and 

PDL, positive and negative control, respectively) is shown in Figure 4.4. A band of 

similar intensity, corresponding to the GAPDH gene, was present in all the samples. In 

addition to this house-keeping gene, an additional band corresponding to the KGFR gene 

was observed in all 3 types of gingival sample as well as in skin, the positive control. 

However, the KGFR band was not detected in PDL (the negative control).

NG IG GH Skin PDL

GAPDH
(600 bp)

KGFR 
(141 bp)

Figure 4.4. Agarose gel showing the PCR products of the GAPDH and KGFR 

genes. RNA obtained from NG, IG, GH, skin and PDL tissues was reverse transcribed 

and amplified using GAPDH- and KGFR-specific oligonucleotide primers. The 

amplified products were subjected to electrophoresis and the mobilities of the products 

compared with that of the 100 bp DNA ladder used as a size marker (not shown). Note 

the presence of a band corresponding to the molecular size of GAPDH (600 bp) in all 

samples, including controls. The band corresponding to KGFR (141 bp) is seen in all the 

samples except in the PDL (negative control).

The image analysis profiles of the relative intensities of the KGFR and GAPDH bands 

obtained from this gel are shown in Figure 4.5, the surface areas of the histograms being 

equivalent to the levels of expression of KGFR and GAPDH in the samples. The analysis
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profiles show the presence of the GAPDH band in all samples, including the controls. 

Again, the histogram corresponding to the KGFR gene was present in all 3 types of 

gingival tissues but varied in intensity. The histogram corresponding to the KGFR gene 

is present in skin and absent in PDL, used as the positive and negative controls, 

respectively. The KRI values obtained from this representative gel were 19, 28, 58, 60 

and 0 for the NG, IG, GH, skin and PDL tissues, respectively. This representative gel 

thus shows that the NG, IG and GH tissues express readily detectable KGFR mRNA, 

although a relatively higher level was clearly evident in the GH tissue.

A summary of the GAPDH and KGFR band intensities of 9 NG, 6 IG and 11 GH 

tissues is presented in Table 4.1. Due to the small number of samples, the GH tissue 

samples obtained from 7 CsA, 2 NIF and 2 PHT were considered as one group for the 

purposes of presentation and statistical analysis. Each sample was examined twice on 2 

different occasions under the same conditions (section 2.6.2.2). KRI values were 

calculated for each sample and the overall mean KRI (± SEM) value was then 

calculated for each category. The average KRI was found to be 28.50 (± 2.49) and 

39.17 (± 4.25) for the NG and IG tissue samples, respectively. In marked contrast, a 

relatively higher KRI value was observed in the GH tissue samples (average KRI 84.00 

±8.91; range from 45 to 163), which were 2.9 and 2.1 times greater than for the NG and 

IG tissues, respectively. Compared to the NG and IG tissue samples, GH tissue 

exhibited a wide range of variation; in 4 out of the 11 GH tissues, KRI was more than 

100. However, with exclusion of those 4 samples (obtained from CsA = 2 and NIF =

2), average KRI in GH tissues calculated 57.29 ± 4.07, which was 2.0 and 1.5 times 

greater than the NG and IG tissues, respectively.
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Figure 4.5. Image analysis profile of an agarose gel. Image analysis of the agarose 

gel shown in Figure 4.4, showing the presence of bands corresponding to KGFR mRNA 

in all the samples except in the PDL (negative control). The numbers in brackets are the 

KRI values of the corresponding samples. Note the higher KRI value for GH tissues 

compared to NG and IG.
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Table 4.1 Relative levels of KGFR transcripts in gingival tissues in vivo

Tissue sample GAPDH band 
intensity (range)

KGFR band 
intensity (range)

Ratio of KGFR/ 
GAPDH (range) KRI value (range) Average KRI 

±SEM

NG 

(n = 9)
1440 - 3399 260 -1240 0.10-0.42 10.0-42.0

28.50

±2.49

IG 

(n = 6)
1228-3016 315-1528 0.13-0.68 13.0-68.0

39.17

±4.25

GH

( n = l l )
887-2668 580-2231 0.40-1.79 40.0-179.0

84.00***

±8.91

The intensities of the bands corresponding to mRNA in the NG, IG and GH tissue samples were measured by image 

analysis. For each tissue sample the ratio of KGFR/GAPDH and the corresponding KRI was calculated. The 

average KRI is shown in bold ± SEM.

Significance levels compared with NG and IG tissues: ***p < 0.001 (very highly significant).
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The KRI values obtained from the NG, IG and GH tissue samples were not normally 

distributed, and therefore non-parametric tests were used for the statistical analysis. 

Firstly, the Kruskal-Wallis test was used to determine overall differences among the 

tissue types. When statistically significant differences were found, the data were then 

further analyzed using the Mann-Whitney U test to establish the specific differences 

between the tissue types. The results showed that KRI for GH was very highly 

significant compared with that for NG and IG tissues (p < 0.001). Although the KRI 

value in the IG tissue samples was approximately 1.4 fold greater than NG tissues, this 

difference was not statistically significant (p > 0.05).

4.3 Characterisation of the RT-PCR product

In order to confirm the accuracy of PCR amplification and specificity of the primers, the 

amplified KGFR gene product was subjected to the dideoxy chain-terminating reaction, 

as described in section 2.7. Figure 4.6 shows the sequence of bases obtained for the 

target region of 141 bp in the KGFR gene sequence. The bases were detected as a series 

of green, red, blue and black chromatograms corresponding to the nucleotides A, T, C 

and G (adenine, thymine, cytosine and guanine, respectively). An additional letter (N) 

was seen, particularly in the initial few bases, which could not be identified by the DNA 

sequencer. The sequence obtained was compared to the sequence of bases for the 

targeted region of KGFR gene originally submitted to the gene bank by Mild et al. (1992) 

(accession number M80634).
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Figure 4.6. Nucleotide sequence of a 141 bp region in the human KGFR gene. The amplified PCR 

product obtained using KGFR-specifc oligonucleotide primers was purified and subjected to the dideoxy 

chain-termination reaction. The separated bases of DNA were detected as a series of green, red, blue and 

black chromatograms along with the initial letter of the nucleotides (A, T, C and G) that indicate the location 

of adenine, thymine, cytosine and guanine, respectively. The letter N represent unreadable bases which could 

not be assigned.
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The finding of dideoxy chain-termination reaction showed an identical nucleotide 

sequence to that of the KGFR except for the initial few base pairs, as shown below. The 

reason for this dissimilarity is possibly due to the anomalous pattern of migration of the 

initial few bases, suggested previously by Sambrook et al. (1989). The expected region 

of KGFR gene with this specific pair of primers was small (141 bp), therefore, the 

numbers of dissimilar bases were relatively more compared to the sequence when applied 

for large targeted region. The sequence was identical with the bases designated in 

accession number M80634 from the position 1417; nevertheless, the sequence was 

identical from the position 1404 apart from 2 bases.

Sequence of bases in the target region of KGFR (accession number-M 80634T 

(location: 1361 to 1501)

TCGGGGATAAATAGTTCCAATGCAGAAGTGCTGGCTCTGTTCAATGTGACCG

AGGC

GGATGCTGGGGAATATATATGTAAGGTCTCCAATTATATAGGGCAGGCCAAC

CAGTCTGCCTGGCTCACTGTCCTGCCAAAACAG

Sequence obtained (matched from the position: 1417 to 1501)

T̂TNGNNNGNTGGCTCTGNTCANTGTGACCCGAGGN*

GGATGCTGGGGAATATATATGTAAGGTCTCCAATTATATAGGGCAGGCCAAC

CAGTCTGCCTGGCTCACTGTCCTGCCAAAACAG

^refers the bases not matched with the sequence shown in accession number 80634 

(underlined). *N indicates unreadable bases

Therefore, as identical bases were observed in amplified PCR product with the KGFR 

gene sequence, this also confirms that the primer pair is KGFR-specific.
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4.2 EFFECTS OF HYPERPLASIA-INDUCING DRUGS ON GINGIVAL 

EPITHELIAL CELLS IN  VITRO

The findings of the present study have thus far demonstrated that KGF and KGFR are up- 

regulated in GH tissues compared with NG tissues in vivo. In addition, KGF levels were 

found to be increased in the culture supernatants of gingival fibroblasts incubated with 

the hyperplasia-inducing drugs in vitro. It is thus possible that the action of hyperplasia- 

inducing drugs is mediated via the KGF-KGFR pathway. However, the effects of CsA, 

NIF and PHT on gingival epithelial cells and the expression of KGFR are not known. 

This part of the study was therefore carried out:

i) to examine the effects of CsA, NIF and PHT on certain physical characteristics of 

gingival epithelial cells;

ii) to examine the effects of the hyperplasia-inducing drugs on KGFR expression;

iii) to determine the effects of these drugs on KGFR gene activity.

4.2.1 Phenotypic characterisation of gingival cells

In order to obtain normal gingival epithelial cells, NG tissues were explanted as described 

in section 2.3.2. Cuboidal-shaped epithelial-like cells were seen either directly associated 

with the explant tissue or at a short distance, in groups of discrete cells (Figure 4.7) which 

subsequently joined together to form a uniform monolayer (Figure 4.8). Even though the 

CT layer had been removed mechanically at the time of explantation, spindle-shaped 

fibroblasts were observed in some cultures. The contaminating fibroblasts were removed 

selectively by treating the monolayers with 0.02% EDTA, as described in section 2.3.2. 

Subsequently, the cuboidal-shaped cells that remained attached after EDTA treatment 

were trypsinized and recultured.
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Figure 4.7. Phase-contrast photomicrograph of a gingival explant. Cuboidal 

epithelial-like cells (arrows) are growing from the gingival tissue explanted for 7 days. 

A. Note that these cells are directly associated with the explant. B. Note cuboidal 

epithelial-like cells growing in discrete groups (original magnification x 200).
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Figure 4.8. A confluent culture of epithelial-like cells. Note the typical cuboidal, 

squamous shaped morphology of the gingival epithelial cells (original magnification

X 200).

To determine the phenotye of the cuboidal-shaped cells, they were immunostained with a 

monoclonal antibody reacting with cytokeratins 5 , 6 , 8  and 17 (clone MNP 116), as 

described in section 2.4.1. The results in Figure 4.9 show that brown staining, indicating 

the presence of these cytokeratins, was present in all cells in the culture, suggesting they 

were epithelial in origin. The control cells, which received non-specific mouse IgG 1 

instead of the primary antibody, were negative, although the nuclei were stained blue as a 

result of the haematoxylin used for counterstaining (Figure 4.9 A).
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Figure 4.9. Immunostaining of epithelial-like cells with cy to keratin-specific 

antibody. A. Control cells showed no brown staining. The cell nuclei were blue due to 

haematoxylin staining. B. The intense brown intracellular staining indicates the presence 

of cytokeratins 5, 6, 8 and 17. Note that all cells in the culture were positively stained 

(original magnification x 100).
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4.2.2 Effects of drugs on gingival epithelial cells

In order to evaluate the effects of hyperplasia-inducing drugs on KGFR, primary gingival 

epithelial cells (n = 6) were grown to approximately 80% confluency in KBM-2 medium 

with all supplements, maintained in quiescent phase and treated with CsA (500 ng/ml), 

NIF (200 ng/ml) and PHT (10 pg/ml), as described in 2.4.3.2. The cells then prepared 

and analyzed by FCM. The experiment was repeated twice. Control cultures received 

the same concentrations of drug solvents used in test cultures.

4.2.2.1 Effects of drugs on morphological features of epithelial cells

The epithelial cell cultures were observed under the phase contrast microscope on each 

day during the period of treatment with CsA, NIF and PHT. The normal cuboidal-shape 

of the cells was retained in all drug-treated cultures as well as in the controls, indicating 

that the hyperplasia-inducing drugs, at the specific concentrations used, did not have a 

deleterious effect on the morphology of these cells. In addition, assessment of cell 

viability by the trypan blue dye exclusion assay (section 2.3.5) showed that more than 

90% cells were intact, similar to the viability level of the control cells. Thus, these drugs 

were found to be apparently non-toxic to the gingival epithelial cells.

The size and intracellular granularity of 10,000 individual epithelial cells were measured 

using FCM and represented by the parameters termed FSC (size) and SSC (granularity), 

as described in section 2.4.3.3. A distribution profile of each of the samples was obtained 

using the CELLQuest Software programme. Figure 4.10 shows representative dot plots 

of the cell cultures incubated in the absence and presence of CsA, NIF and PHT, each dot 

being representative of a single cell. Two lines were drawn vertically and horizontally 

across the control dot plot for the purpose of visual comparison. In this experiment, a
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higher proportion of the cells in drug-treated cultures was found to be present to the right 

of and above these vertical and horizontal lines, respectively, indicating higher average 

FSC and SSC compared with controls and suggesting the possibility that the cells in 

drug-treated cultures might be larger and more granular than the control cells.

A summary of the relative average sizes of the drug-treated epithelial cells is shown in 

Table 4.2. Cells treated with CsA and NIF were found to be increased in size by 111% 

and 104% relative to the controls (mean FSC 415 ± 48; range 271 to 699), respectively. 

No difference in size was observed in PHT-treated cells from the controls.

The data were analyzed using two-way ANOVA. The difference observed in FSC 

between control and CsA-treated cells was statistically significant (p < 0.05), whereas 

neither of the other two drugs differed significantly from controls (p > 0.05). In addition, 

FSC was significantly greater for CsA-treated cells than for PHT- treated cells (p < 0.05). 

As shown in Table 4.2, the cells treated with CsA were also found to be the most 

granular, 126% higher than the controls (mean SSC 366 ±81;  range 147 to 855). The 

granularity of the NIF and PHT-treated cells also increased, but only by 115% compared 

with that of the control cells. Two-way ANOVA showed that the difference in SSC 

between the CsA-treated and control cells was highly significant (p < 0.01), whereas the 

apparent differences between NIF and PHT- treated and control cells were not 

statistically significant (p > 0.05).
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Figure 4.10. Effects of CsA, NIF and PHT on size and granularity of epithelial cells.

Representative dot plot profiles showing size and granularity of epithelial cells cultured 

in the absence and presence of CsA, NIF and PHT. Size and granularity were measured 

by FCM and are presented as arbitrary units. The dot-plot profiles were divided into 4 

quadrants by drawing cross lines vertically and horizontally at the center. Note the 

presence of a relatively higher proportion of cells to the right of and above the vertical 

and horizontal lines in the cultures treated with CsA, NIF and PHT. The FSC and SSC 

values corresponding to each culture are shown.
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Table 4.2. Effects of CsA, NIF and PHT on size and granularity of gingival epithelial 

cells

Cells treated with % of control + SEM (range)

(n = 6) Size Granularity

CsA 111 ± 3.61 (281 - 687)* 126 ± 6.93 (178 - 857)**

NIF 104 ± 3.02 (269 - 673) 114 ± 5.42 (156 - 849)

PHT 100 ± 5.16 (264 -569) 115 ± 5.27 (153 - 872)

The values shown represent the relative average size and granularity ± SEM, in CsA-, 

NIF- and PHT-treated cultures compared with control; defined as 100. Ranges are shown 

in brackets. The average FSC and SSC of the control cultures were 415 ± 48 (range 271 

to 699) and 366 ±81 (range 147 to 855), respectively. Significance levels compared with 

controls;*p < 0.05 (significant) **p < 0.01 (highly significant).

4.2.2.2 Effects of drugs on KGFR expression

FCM analysis using srAx-bek antibody was carried out to determine the effects of CsA, 

NIF and PHT on the levels of KGFR expressed by gingival epithelial cells, as described 

in section 2.4.3.2. A distribution profile of each of the samples was obtained using the 

CELLQuest Software programme. Representative fiuorescence profiles of KGFR 

expression by the control and drug-treated cells are shown in Figure 4.11. A solid 

vertical line was drawn arbitrarily on the histograms to indicate the mean level of KGFR 

in the control cells. As illustrated in Figure 4.11, the fluorescence profiles of the cells 

treated with CsA, NIF and PHT were shifted to the right of the vertical line, indicating a 

relatively higher fluorescence intensity level compared with the control culture. The AFI 

(average fluorescence intensity) levels in this representative experiment were 129,166
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Figure 4.11. Effects of CsA, NIF and PHT on KGFR expression by gingival 

epithelial cells. Representative fluorescence profiles showing KGFR expression by 

epithelial cells cultured in the absence and presence of CsA, NIF and PHT and KGFR 

levels measured by FCM. The dashed lines represent the fluorescence profiles of cells 

that received no primary antibody. The vertical black line shows the AFI of the untreated 

control gingival epithelial cells incubated without any drug. Note the higher AFI of the 

CsA-, NIF- and PHT-treated cells compared with the control cells, as shown in the upper 

right hand comer.
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110%, 142% and 174% greater than the control level (AFI of 117). The relative AFI 

levels of gingival epithelial cells cultured in the presence of CsA, NIF and PHT are 

summarized in Table 4.3. These data show that a relatively higher level of KGFR was 

expressed by drug-treated cells, and was on average 1.4 times greater than in the control 

cells (AFI 99 ± 15; range 49 to 176). Using two-way ANOVA, the AFI levels in CsA-, 

NIF- and PHT-treated cells were found to be very highly significant compared with the 

control culture (p < 0.001).

Table 43 , Effects of CsA, NIF and PHT on KGFR levels in vitro

Cells-treated with 
(n = 6)

Relative AFI level (± SEM) AFI range

CsA 1.43 ±0.08 73-231

NIF 1.34 ±0.06 56-242

PHT 1.43 ±0.07 66-214

The values shown represent the relative AFI level ± SEM in drug-treated cultures 

compared with controls, defined as 1.0. The range of AFI of the cultures is also shown. 

The AFI of the control cultures was 99 ± 15 (range 49 to 176).

4.2.23 Effects of drugs on KGFR gene transcription

In order to determine vfiether the elevated levels of KGFR induced by CsA, NIF and 

PHT in vitro were associated with increased gene transcription, semi-quantitative PCR
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was carried out using GAPDH as the internal control, as described in 2.6.2.2. Normal 

gingival epithelial cells (n = 6) were treated with CsA, NIF and PHT at 500 ng/ml, 200 

ng/ml and 10 pg/ml, respectively, for 3 days, as shown in section 2.4.S.2. Total RNA 

was extracted, cDNA synthesised and subsequently amplified using the KGFR- and 

GAPDH-specific primers (Table 2.3). All PCR reactions were carried out employing 25 

cycles, which was found to be within the linear range of amplification for both the 

GAPDH and KGFR gene sequences. This was determined using RNA extracted fi"om 

primary gingival epithelial cells (Figure 4.12) and described previously in section 4.1.2.
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KGFR
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NUMBER OF CYCLE

Figure 4.12. Relationship between number of amplification cycles and band 

intensities of GAPDH and KGFR gene sequences. PCR for GAPDH and KGFR were 

carried out at 5-cycle steps, fi'om 10 to 40 cycles. The number of cycles is plotted against 

band intensities of the PCR products. Note the linear relationship between the products 

and the number of cycles for the GAPDH gene amplification, up to 30 cycles, while the 

linearity of KGFR gene amplification is maintained up to 40 cycles.
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A representative gel of the RT-PCR products of gingival epithelial cells cultured in the 

absence and presence of CsA, NIF and PHT is shown in Figure 4.13. All the samples 

showed a band corresponding to the predicted molecular size of the GAPDH gene 

sequence (600 bp), confirming that the RNA extracted from the samples was intact and 

not degraded. In addition to this GAPDH band, another band corresponding to the KGFR 

gene sequence was observed in all the cell samples. KRI values were calculated for each 

sample from the values obtained for the intensities of the GAPDH and KGFR bands. The 

KRI values obtained in this representative experiment were 61 for the CsA-treated cells 

and 67 for both the NIF- and PHT-treated cells, which were 149% and 163% greater, 

respectively, than for control cells (KRI 41).

The distribution of individual KRI for each of the control, CsA-, NIF- and PHT- treated 

gingival epithelial cell cultures, is shown in Figure 4.14. Cells incubated in the presence 

of CsA, NIF and PHT produced average KRI of 39 ± 5.9 (range 19 to 84), 37 ± 5.2 

(range 20 to 67) and 38 ± 7.5 (range 19 to 104), respectively, that is, approximately 160% 

greater than for control cells (average KRI 24 ± 3.8; range 13 to 49). As seen in the 

Figure 4.14, KRI values obtained from one particular cell culture were much higher than 

the others used in this study, in both control and drug-treated cells. With exclusion of 

that particular sample, although the average KRI values decreased in all cultures (19, 32, 

39 and 29 for the control, CsA-, NIF- and PHT-treated cultures, respectively), the relative 

changes in drug-treated cultures remained as before. Thus, this part of the study showed 

that all 3 drugs known to induce GH in vivo iq)-regulate KGFR gene activity in vitro.
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Figure 4.13. Effects of CsA, NIF and PHT on KGFR gene transcriptions in gingival epithelial cells. A

representative experiment showing RT-PCR analysis of normal gingival epithelial cells cultured in the absence 

(A) and presence of CsA (B), NIF (C) and PHT (D) for 3 days. Each panel shows the electrophoretic mobility 

of the RT-PCR products and the corresponding image analysis of these bands. Note the presence of GAPDH 

bands (600 bp) of similar intensity in all four panels and relatively greater amounts of the KGFR gene product 

(141 bp) in panels B, C and D compared with panel A. Numbers in brackets indicate the KRI in each panel.
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Figure 4.14. Distribution of KRI in control and drug-treated cells. The data 

represent the KRI for control and drug-treated cells, obtained from 12 separate 

experiments. Horizontal lines and bold numbers in brackets indicate mean KRI. Note 

that the mean KRI for cells treated with CsA, NIF and PHT are all significantly higher 

than for control cells. Significance levels compared with control: **p < 0.01 (highly 

significant)

Using two-way ANOVA, KRI for cells treated with CsA, NIF and PHT were found to be 

highly significant than for control cells (p < 0.01).

4.2.3 Measurement of KGFR mRNA by northern blotting

In the previous section, up-regulation of KGFR gene transcription in response to drugs 

was observed using RT-PCR. This was measured semi-quantitatively using GAPDH as 

an internal control. However, quantitative measurement of gene activity could be

186



Chapter 4

attained using northern blot, which measures the amount of target gene activity in total 

amount of RNA without being subjected to amplification. In order to verify the results 

obtained using semi-quantitative RT-PCR, a comparative analysis was carried out using 

northern blot technique as described in section 2.6.3. A total of 4 RNA samples extracted 

from primary gingival epithelial cells (n = 2) incubated in the absence (referred as Cl and 

C2) and presence of CsA (referred as CsAl and CsA2), were selected for northern 

blotting. The integrity of the RNA samples was assessed by the presence of ribosomal 

subunits, the 28 S rRNA and 18 S rRNA, as shown in Figure 4.15 (A). For the purpose 

of quantitative analysis of KGFR, 5 pg of total RNA from these samples was hybridized 

using a KGFR-specific radiolabelled RNA probe and autoradiographed, as described in 

section 2.6.3. KGFR bands obtained from the northern blot are shown in Figure 4.15 (B), 

the band analysis showed that the levels of KGFR gene transcripts were relatively higher 

in CsAl and CsA2 samples than the corresponding controls Cl and C2, and were in turn 

1.7 and 1.2 times higher. Notably, semi-quantitaitive RT-PCR result showed that KGFR 

levels in CsAl and CsA2 were 1.7 and 1.3 times higher than the Cl and C2, respectively 

(data not shown). Thus, this part of the study showed an identical result using two 

different methods for measuring gene transcription. This confirms that RT-PCR is 

unequivocally as sensitive as northern blotting and the findings obtained with RT-PCR 

are comparable with the northern blot technique.
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Figure 4.15. Measurement of KGFR gene transcription by northen blotting.

A. Agarose gel containing RNA extracted from the normal gingival epithelial cells 

cultured in the absence and presence of CsA. Note the equal loading of total RNA and 

the presence of 28 S rRNA and 18 S rRNA in all samples. B. Northern blot hybridized 

with a radiolabelled KGFR-specific probe, subjected to autoradiography and bands 

analysed. Note the higher intensity of KGFR bands in CsAl and CsA2 than Cl and C2, 

respectively.

4.3 DISCUSSION

KGFR has been reported to have an important part in the proliferation and differentiation 

of epithelial cells both in vivo and in vitro (Werner et al. 1994; Pierce et al. 1994; Rubin 

et al. 1995; Marchese et al. 1995; Marchese et al. 1997). Since KGFR has also been 

implicated in a number of diseases ranging from inflammation to hyperplasia in various 

parts of the body, including skin and prostate gland (Finch et al. 1997; De Beilis et al. 

1998), it is possible that it may play an important part in GFI. Even though the KGFR is 

reported to be involved in a wide-range of fundamental biological activities, both
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physiological and pathological, its role in oral tissues has received only little attention 

(Partridge e/ a/. 1996).

The present finding of increased levels of immunoreactivity corresponding to KGFR in 

GH tissues compared to NG tissues is consistent with previous reports that showed 

elevated KGFR expression in benign prostate hyperplasia (De Beilis et al. 1998) and 

psoriasis (Finch et al. 1997), both of which, like GH, are characterised by increased 

proliferation of epithelial cells and thickened epithelium.

The distribution pattern of KGFR in epithelium is conflicting. Finch et al. (1997) 

detected KGFR in the basal layer of the epithelium of normal skin, while Partridge et al.

(1996) demonstrated that localization of KGFR varies with the degree of kératinisation, 

being identified in all layers of the epithelium of keratinised oral mucosa, while only in 

the basal layer of the non- and para-keratinised mucosa. KGFR was shown by 

LaRochelle et al. (1995) to be localised in the suprabasal layers of human skin, tonsil and 

soft palate, which is consistent with the finding of this study. The present finding that 

KGFR is absent in the basal cell layer of the NG tissue suggests that this receptor is either 

not expressed or expressed at only very low levels in this layer.

In addition to an apparently elevated level of KGFR in GH tissue samples, a difference 

was observed in the distribution pattern of this receptor in GH tissues. The finding that in 

GH tissues, KGFR is detected in the basal layer as well as the spinous and granular layers 

is consistent with the observation of Finch et al. (1997), who demonstrated KGFR in 

these layers in psoriasis, a hyperplastic dermal lesion (Finch et al. 1997). This 

differential expression pattern of KGFR in NG and GH tissues perhaps reflects a variable 

biological activity of KGFR, because Fuchs (1990) explained that the cells at different 

layers of the epithelium are programmed for a specific function and the proliferative

189



Chapter 4

activity is restricted to the cells of the basal layer. Subsequently, KGFR in the spinous 

and granular layers in normal skin was found to be co-localised with the initial 

differentiation marker cytokeratin Kl, suggesting the possibility that this receptor in NG 

tissues is primarily involved in the process of differentiation rather than proliferation 

(Marchese et al. 1997). This is further supported by the finding of Saito et al. (1999) 

who demonstrated antigen Ki 67, a DNA synthesis marker, in the basal cells of NG 

tissues. In marked contrast, Ki 67 was observed in the basal as well as suprabasal layers 

in GH tissues, thus suggesting an extended proliferative activity of epithelial cells in GH 

tissues despite migrated to the suprabasal layers during the process of differentiation.

The present study showed that KGFR is absent in the comified layer of both NG and GH 

tissue samples and thus support the findings of LaRochelle et al. (1995) and Finch et al. 

(1997). This may indicate that KGFR is broken down by proteolytic digestion, 

presumably via the lysosomal compartment, before the cells enter this layer in which they 

undergo terminal differentiation. Thus, the findings of the present study support the view 

that KGFR is not associated with the process of terminal differentiation of the epithelial 

cells, as explained by Pierce et al. (1994).

The immunohistochemical analysis used in the present study showed cell-associated 

KGFR-specific staining, both extracellular and intracellular, as observed previously by 

Finch et al. (1997) in normal skin using the same antibody. The extracellular staining 

was seen in relation to cells of the basal layer of GH tissues, whereas intracellular 

staining was observed in the spinous and granular cells in both the NG and GH tissues. 

However, the reason for apparent extracellular staining is not understood, reflecting 

perhaps the secretion of KGFR or the clipping off of this receptor, particularly in the 

basal cell layer.
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The observation of relatively less staining in the CT of both NG and GH tissues is 

consistent with the finding of Brauchle et al. (1996) who showed immunoreactivity of the 

stromal as well as the epithelial tissues in inflamed intestinal mucosa using this particular 

antibody, which reacts with both FGFR 2 and KGFR (Finch et al. 1997). However, the 

immunoreactivity observed in mesenchymal tissues is unlikely to be attributable to 

KGFR. As FGFR 2 and KGFR are tissue-specific, expressed by mesenchymal and 

epithelial cells, respectively, thus the immunoreactivity in CT tissue is undoubtedly due 

to FGFR 2 (Miki et al. 1992).

Hence, the above finding suggested that KGFR is expressed in both NG and GH tissues 

with notably more KGFR being present in the latter. In order to determine whether the 

elevated levels of KGFR in GH tissues were associated with increased KGFR gene 

activity, the transcription of KGFR gene was examined. The finding showed a relatively 

higher level of KGFR gene transcription in GH compared with the NG tissues, which is 

consistent with other studies that have also shown increased KGFR transcripts in benign 

prostate hyperplasia (De Beilis et al. 1998).

KGFR gene transcription was also examined in IG tissues to exclude the possible 

influence of inflammation on KGFR expression in GH, because inflammation is 

commonly seen as a result of hyperplastic reaction of gingiva to the drugs (Marshall and 

Bartold 1998). KGFR gene transcription in IG tissues was found to be much lower than 

that of the GH tissues, although slightly elevated compared with the NG tissues. The 

increased level of KGFR in IG tissues is consistent with the finding of Finch et al.

(1997), who demonstrated elevation of this receptor in psoriasis. This finding of 

increased level of KGFR gene in IG tissues dose not support the findings of Brauchle et 

al. (1996) and in another study of Finch et al. (1996), who showed that KGFR gene
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transcription is either decreased or unaltered in inflammatory bowel diseases. This 

apparent difference may possibly be explained on the basis of the characteristic 

histological features of these two conditions. IG is characterized by increased thickness 

of epithelium (Caranza and Newman 1996), whereas inflammatory bowel diseases are 

associated with loss of epithelium (Finch et al. 1996; Brauchle et al. 1996). Since the 

transcription of KGFR gene is confined to the epithelium only (Miki et al. 1992), an 

alteration in KGFR gene transcription would be expected with changes in epithelial- 

mesenchymal ratio, which occurs in a number of pathologies, including inflammatory 

and hyperplastic lesions.

The finding that KGFR is elevated in GH tissues both at the protein and RNA levels, 

suggests the possibility that the drugs up-regulate the level of KGFR in v/vo. Therefore, 

the effects of drugs on the levels of KGFR in vitro were evaluated using FCM. The 

finding of FCM analysis that KGFR level is elevated in drug-treated cultures, suggesting 

the possibility that these drugs have a stimulatory effect on KGFR. A similar effect has 

also been observed on KGFR gene transcription. Although the effects of these drugs on 

KGFR, until the present study, are not known, PHT has been reported to up-regulate the 

level of EGF receptor (Modeer et al. 1990), localised to both mesenchymal and epithelial 

tissues (Irwin et al. 1991) and involved in transmission of signal from EGF on both the 

mesenchymal and epithelial tissues. This evidence thus suggests that these drugs 

influence the activity of growth factors on target cells by maintaining the receptors for 

their ligands to bind, which in turn results in intracellular signaling, including 

proliferation.

Detection of increased FSC parameter in drug-treated cultures possibly indicates that 

drug-treated cells were larger with no detectable morphological alteration, observed
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under the phase-contrast microscope. Although significance of the large cells is not 

exactly known, however greater activities would be expected with increased size of a cell 

and cellular organelles. Notably, Ayanoglou and Lesty (1999) demonstrated increased 

size of outer gingival epithelial cells in GH tissues in vivo. Increased granularity of drug- 

treated cells as detected by FCM, possibly related to increased synthetic activity of these 

cells, because cellular granularity is co-related with the presence of extensive rough 

endoplasmic reticulum, where proteins are synthesized (Alberts et al. 1983). Moreover, 

intracellular complexity comprising a well developed golgi complex and rough 

endoplasmic reticulum has been demonstrated previously by Yamasaki et al. (1987) 

using electron microscopy. The present finding thus suggests the possibility that 

hyperplasia-inducing drugs examined here stimulate the synthesis of KGFR.

4.3  C O N C L U SIO N S

The experiments carried out in this part of the study have shown that:

• KGFR is expressed at the protein and gene levels both in normal and hyperplastic 

gingival tissues, with a relatively higher amount being present in hyperplastic 

gingival tissues;

• KGFR is up-regulated both at the protein and gene levels by all 3 hyperplasia- 

inducing drugs in vitro.
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CHAPTERS 

EPITHELIAL CELL GROWTH BY KGF

5.1 EFFECTS OF KGF ON EPITHELIAL CELLS

KGF has been reported to be the most potent amongst the factors known to be involved in 

proliferation of epithelial cells (Marchese et al. 1990). However, the response of 

epithelial cells to KGF has been shown tissue- and species-specific variation (Strain et al. 

1994), although the response of gingival epithelial cells to KGF is not yet known. This 

part of the study was therefore carried out:

i) to measure the effect of KGF on the proliferation of epithelial cells;

ii) to examine the effect of gingival fibroblast supernatants on the proliferation of

epithelial cells;

iii) to evaluate KGF activity in gingival fibroblast supernatants;

iv) to measure the effects of CsA, NIF and PHT on the proliferation of epithelial 

cells in order to compare the activity of these drugs with the fibroblast 

supernatants.

5.1.1. Effects of KGF on proliferation of epithelial cells

5.1.1.1 Effects of KGF on proliferation of primary gingival epithelial cells

The effect of KGF on the proliferation of gingival epithelial cells was determined by 

measuring the level of [^Hjthymidine incorporation into DNA. The cells were treated 

with KGF at concentrations ranging from 1 to 50 ng/ml for 24 h, then incubated with 

[^H]thymidine for the last 4 h and the total [^H]thymidine incorporated into DNA was 

measured using a scintillation counter, as described in section 2.5.1. A representative 

experiment showing the dose effects of KGF on the synthesis of DNA is shown in Figure
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5.1. Increasing concentrations up to 10 ng/ml of KGF were found to cause a progressive 

increase in the level of [^HJthymidine incorporated into the cells, whereas DNA synthesis 

was same as the control at 20 ng/ml and was inhibited at 50 ng/ml (Figure 5.1).
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Figure 5.1. Dose effects of KGF on DNA synthesis. Representative assay showing the 

level of thymidine incorporated into gingival epithelial cells cultured in the absence 

and presence of KGF, at the indicated concentration, for 24 h. The cells were incubated 

with 1 pCi of [^H]thymidine for the last 4 h and the level of [^HJthymidine incorporated 

into DNA measured using a scintillation counter. The data shown are the mean ± SD 

(vertical line) of single experiment, conducted in triplicate. Note the highest level of 

[^HJthymidine incorporated into the culture treated with 10 ng/ml of KGF.

The results obtained from 3 separate [^HJthymidine incorporation assays, carried out 

using primary gingival epithelial cell cultures are summarized in Table 5.1. These show 

that relatively higher levels of [^HJthymidine incorporated into cells treated with KGF
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than in control cultures in the absence of KGF (123, 135 and 168% at 1, 5 and 10 ng/ml 

of KGF, respectively). One-way ANOVA analysis showed that the level of 

[^Hjthymidine incorporation by cells treated with 5 and 10 ng/ml of KGF was highly 

significant (p < 0.05), while no significant difference was observed with 1 ng/ml of KGF.

Table 5.1. Effects of KGF on the proliferation of gingival epithelial cells in vitro

KGF (ng/ml) % of control Range (cpm)

1
123 ±5.33 6243 - 9042

5 135 ±0.35** 8282- 10151

10 168 ±6.23*** 10989- 12171

The values shown are the relative [^H]thymidine incorporation levels ± SEM in KGF- 

treated cultures compared with the control cultures, defined as 100. The range of 

[^HJthymidine incorporation is shown. The results were obtained from 3 separate 

experiments using 3 different primary gingival epithelial cell cultures. The average 

[^H]thymidine incorporation of the control cultures was 6566 ±102 (range 6146 to 

6845) cpm.

Significance levels compared with the control: **p < 0.01 (highly significant);

*»*p < 0.001 (very highly significant).

5.1.1.2 Effects of KGF on the proliferation of KB cells

Because of the characteristic slower growth and short life-span of the primary gingival 

epithelial cells in vitro (Hines and Allen-Hoffinann 1996), the effect of KGF on epithelial 

cell growth was also examined using the KB epithelial cell line in order to determine
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whether these cells have a similar response to KGF, so that they could be used in as an in 

vitro model of the primary gingival epithelial cells.

The KB cells were therefore treated with various concentrations of KGF and the response 

was evaluated by measuring DNA synthesis, as described in section 2.5.1. The results of 

3 experiments, carried out in triplicate, showed that the level of thymidine 

incorporation in cultures treated with 1, 5 and 10 ng/ml of KGF, respectively, was 121, 

152 and 169% greater than in the control cultures, very similar to that of the gingival 

epithelial cells, which is clearly seen in Figure 5.2.
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Figure 5.2. Effects of KGF on DNA synthesis in primary gingival epithelial and KB 

cells. Cultures of primary gingival epithelial and KB cells were incubated in the absence 

and presence of KGF for 24 h, pulsed with 1 pCi [^H]thymidine for the last 4 h and the 

level of [^H]thymidine incorporated into DNA measured. The data shown are the relative 

changes obtained from three separate experiments, carried out in triplicate ± SEM 

(vertical line). The control is defined as 100. Note the identical pattern of DNA 

synthesis in both cell types in response to KGF at concentrations of 1, 5 and 10 ng/ml.
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One-way ANOVA showed that compared with the control cultures, the level of 

[^HJthymidine incorporated into KB cells treated with 10 ng/ml of KGF was statistically 

significant (p < 0.01), while no significant difference was noted with 1 and 5 ng/ml of 

KGF.

5.1.2 Effects of fibroblast supernatants on the synthesis of DNA

A number of factors produced by fibroblasts have been shown to be mitogenic for 

epithelial cells (Chedid et al. 1994). It is therefore likely that such factors are present in 

the conditioned media of fibroblasts i.e., culture supernatants. In order to evaluate the 

presence of epithelial cell mitogens in the supernatants, KB cells were incubated with the 

supernatants and DNA synthesis was evaluated by [^HJthymidine incorporation. 

Although the experiments were carried out with low serum-containing media, in order to 

exclude the possible influence of indigenous factors of the culture media on DNA 

synthesis, KB cells were also treated with full culture medium containing 1% FCS (non

conditioned culture media). Figure 5.3 shows a representative [^Hjthymidine 

incorporation assay of KB cells incubated with the non-conditioned culture media and 

gingival fibroblast supernatants obtained fi'om the cultures incubated in the absence 

(control) or presence of CsA, NIF and PHT (500 ng/ml, 200 ng/ml and 10 pg/ml, 

respectively), as described in section 2.4.2. As seen in Figure 5.3, a very low level of 

[^HJthymidine incorporated into the cells incubated with non-conditioned media. In 

marked contrast, much greater level of [^HJthymidine incorporated into the cells 

incubated with untreated fibroblast supernatants, which was 310% greater than the non- 

conditioned culture media. The level of [^H]thymidine incorporation was even higher 

into the cells incubated with drug-treated fibroblast supernatants, which were 552, 689
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and 645% greater than the non-conditioned culture media. As expected, the level of 

[^HJthymidine incorporated into the cells incubated with supernatants obtained from 

CsA, NIF and PHT-treated fibroblasts were higher than the cultures incubated with 

untreated fibroblast supernatants and were 178, 222 and 208%, respectively.
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Figure 5.3. Effects of fibroblast supernatants on DNA synthesis. Representative 

assay showing the level of [^H]thymidine incorporated into KB cells incubated with or 

without the fibroblast supernatants for 24 h, then pulsed with 1 pCi of [^H]thymidine for 

the last 4 h and the level of thymidine incorporated into DNA measured. The data

shown are the average level of [^HJthymidine incorporation ± SD (vertical line), carried 

out in triplicate. Note higher le\ 

with the fibroblast supernatants.

out in triplicate. Note higher level of [^H]thymidine incorporated into the cells incubated

The [^HJthymidine incorporation assay was carried out with the supernatants obtained 

from 3 different gingival fibroblast cultures incubated in the absence and presence of 

hyperplasia-inducing drugs. The results obtained from these experiments are summarised
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in Table 5.2, vyMch showed approximately 4-fold higher [^thym idine incorporation 

level in the cultures incubated with untreated fibroblast supernatants compared with the 

non-conditioned culture media. Again, the level of [^thym idine incorporation was 

found to be on average 1.58 ± 0.10 (range 1.44 to 1.73) times greater in the cultures 

incubated with drug-treated supematants compared with the untreated fibroblast 

supernatants.

Table 5*2. Effects of fibroblast supematants on the proliferation of KB cells in vitro

Fibroblast supematants
[^thym idine incorporation (relative to control)

Compared to non- 
conditioned culture media

^Compared to untreated 
fibroblast supematants

Untreated 3.80 ± 0.90* —

CsA 5.25 ±0.84** 1.44 ±0.22

NIF 6.20 ±0.76*** 1.73 ±0.44

PHT 5.55 ±0.63** 1.56 ±.0.32

The values shown are the relative level o f [^H]thymidine incorporated (± SEM) into KB 

cells incubated with the fibroblast supematants obtained firom cultures treated in the 

absence or presence of CsA, NIF and PHT compared with the non-conditioned culture 

media defined as 1.0. The results were obtained fix)m 3 separate experiments, carried out 

in triplicate. The average pH]thymidine incorporation level in the cultures incubated 

with the non-conditioned media was 3677 (± 353; range 3119 to 4078) cpm.

% e relative level of [^H]thymidine incorporated into cells incubated with the drug-treated 

supematants compared with the control untreated fibroblast supematants, Wiere the 

[^H]thymidine incorporation level was 13907 (± 3611; range 9003 to 19195) cpm. 

Significance levels compared with the control: *p < 0.05 (significant); **p < 0.01 (highly 

significant); p < 0.001 (very highly significant).
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Compared with the cultures incubated with non-conditioned culture media, the level of 

[^H]thymidine incorporated into cells incubated with fibroblast supernatant was 

statistically significant (p< 0.05). The level of [^HJthymidine incorporated into the cells 

incubated with drug-treated fibroblast supematants increased by approximately 2-fold 

compared with the cells incubated with untreated fibroblast supernatant, although one

way ANOVA showed the apparent difference was not statistically significant (p > 0.05).

5.1.3 Effects of anti-KGF antibody on DNA synthesis

The finding of the previous section suggests the presence of a relatively greater amount 

of epithelial cell mitogenic factor in the fibroblast supematants compared with the non- 

conditioned media. In addition, this study showed the presence of relatively higher 

amounts of KGF in the drug-treated fibroblast supematants than the untreated fibroblast 

supematants. An attempt was therefore made to determine the extent of the KGF activity 

in the supematants by incubating KB cells with supematants which had been pre-treated 

with a KGF-specific neutralizing antibody (referred to as neutralized media), as described 

in section 2.5.3. A representative [^H]thymidine incorporation assay in KB cells 

incubated in the presence or absence of neutralized media is shown in Figure 5.4. The 

level of [^H]thymidine incorporation was reduced by approximately 50% in the cultures 

incubated with the neutralized media, while [^HJthymidine incorporation level was 

reduced by 2.4% in the neutralized non-conditioned culture media.

The experiment was carried out 3 times and the level of [^HJthymidine incorporated into 

cells was found to be reduced by on average 33 ± 6.96 % (range 25 - 46) following the 

neutralization of the KGF activity in supematants. This finding thus suggests that 

approximately one third of the epithelial mitogenic activity in fibroblast supematants is
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Figure 5.4. Effects of anti-KGF antibody on DNA synthesis. Representative 

experiment showing [^HJthymidine incorporated into KB cells incubated with non- 

conditioned culture media and fibroblast supernatants pre-treated with or without an anti- 

KGF antibody (neutralized and culture media, respectively). Note the reduced level of 

[^HJthymidine incorporated into cultures incubated with neutralized media apart from the 

non-conditioned cultures. The data represent the average of triplicate ± SD.

due to KGF. This finding thus indicates that epithelial mitogens other than KGF are 

present in the fibroblast supernatants. In marked contrast, the level of [^HJthymidine 

incorporated into cells treated with non-conditioned culture media was reduced by an 

average of 1.67 ± 1.04% (range 0.93 to 2.40) with the use of neutralized media, suggests 

that a very low level of KGF is present in the non-conditioned culture media. Using 

ANOVA, the apparent difference in the level of [^HJthymidine incorporation into the 

cells incubated with neutralised media was not significant statistically compared with the 

cells incubated with the supematants without neutralising KGF.
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5.1.4 Effects of drugs on DNA synthesis

The finding of the previous section suggests the presence of epithelial cell mitogenic 

factors in the gingival fibroblast supematants obtained fi-om cultures treated with CsA, 

NIF and PHT, although the effects of these drugs on oral epithelial cells are not widely 

studied. An attempt was therefore made to determine the effects of CsA, NIF and PHT 

on the proliferation of KB cells. KB cells were treated with CsA, NIF and PHT at the 

concentrations of 500 ng/ml, 200 ng/ml and 10 pg/ml, respectively, for 24 h and the level 

of [^HJthymidine incorporation was measured, as described in section 2.5.1. Results of 5 

separate experiments showed that compared with the untreated control cultures, the level 

of [^HJthymidine incorporation was found to be reduced in the cultures treated with CsA, 

NIF and PHT, which were 77% (± 4.0; range 63 to 85), 87% (± 6.0; range 71 to 95) and 

78% (± 7.0; range 64 to 99) of the untreated cultures, respectively. The apparently 

reduced levels of ^H]thymidine incorporated into CsA- and PHT-treated cells compared 

with the untreated control cells were found to be statistically significant (p < 0.05) using 

ANOVA, while in NIF-treated cells the difference was not statistically significant 

(p>0.05).

This finding thus shows that hyperplasia-inducing drugs do not stimulate DNA synthesis 

in KB cells, suggesting the possibility that the dmgs mediate their activity on the 

epithelial cells through the growth mediators produced in the mesenchymal tissues.

5.2 REGULATION OF KGFR

The activity of KGF on epithelial cells is mediated through the KGFR (Mild et al. 1992). 

The findings in the chapter 4 showed that KGFR is up-regulated in GH tissues compared 

with NG tissues in vivo and also in vitro in the presence of CsA, NIF and PHT.
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However, the mechaiiism(s) involved in up-regulation of KGFR by the hyperplasia- 

inducing drugs are not known. However, it is possible that the drugs up-regulate this 

receptor through the growth mediators, such as PDGF, IL-1, DHT, which have shown to 

be involved in the pathogenesis of GH. This part of the study therefore carried out with 

the following aims:

i) to evaluate the effect of KGF on KGFR expression; 

ii) to examine the response of KGFR to other growth mediators.

5.2.1 Effects of KGF on KGFR

In order to evaluate whether KGF regulates KGFR expression, KB cells were treated with 

KGF ranging from 1 to 50 ng/ml and the levels of KGFR expression were measured by 

FCM, as described previously (section 2.4.3.2.). The experiment was repeated 3 times. 

Representative fluorescence profiles of KGFR expression by the control and KGF-treated 

cells are shown in Figure 5.5. A solid vertical line was drawn arbitrarily on the histogram 

to indicate the mean level of KGFR in the control cells. As seen in Figure 5.5, the 

fluorescence profiles of the cells treated with KGF shifted to the right of this vertical line, 

indicating relatively higher fluorescence intensity levels i.e. higher KGFR levels 

compared with the control cells. The AFI levels in this representative experiment were 

20, 22, 30 and 17 for the cells treated with 1, 5, 10 and 20 ng/ml of KGF, which were 

130%, 150%, 200% and 110% greater than the control cells (AFI of 15). No difference 

in KGFR expression was noted at the concentration of 50 ng/ml of KGF (data not 

shown).

The results obtained from 3 separate experiments are summarized in Table 5.3. A 

relatively higher level of KGFR was observed in all KGF-treated cells, the maximum
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Figure 5.5. Effects of KGF on KGFR expression. Cultures of KB cells were incubated 

in the absence and presence of a range of KGF concentrations (ng/ml) and KGFR levels 

measured by FCM. The dashed lines are the fluorescence profiles of cells that received 

no primary antibody. The vertical black line shows the AFI of the control cells incubated 

without KGF. Note the higher AFI values of the KGF-treated cultures compared with the 

control cells, indicated by the numbers in the upper right hand comer.
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level observed at 10 ng/ml, which was 160% greater than the control culture. Thus, KGF 

appears to cause elevation of the level of KGFR expression in epithelial cells. One-way 

ANOVA analysis showed that the difference observed in the level of AFI between the 

cells treated with 10 ng/ml of KGF and control was statistically significant (p < 0.05), 

whereas at other concentrations the difference was not statistically significant (p > 0.05).

T able 5 J .  Effects of KGF on KGFR levels in vitro

KGF (ng/ml) Relative AFI (± SEM) AFI range

1 1.3±0.l 20 -27

5 1.5 ±0.3 17-30

10 1.6 ±0.3 ' 22 -32

20 1.3 ±0.2 22-23

The values shown are the relative AFI level ± SEM in KGF-treated cultures compared 

with the control cultures, defined as 1.0. The results were obtained fi"om 3 separate 

experiments. The range of AFI is also shown. The AFI of the control culture was 18 ± 

3.27 (15-23). Significance levels compared with control: *p <0.05.

5.2 .2  E ffects o f  grow th  m ed iators on  K G F R

The mechanism which is involved in up-regulation of KGFR in GH is not yet known, 

however it is possible that the drugs might regulate this receptor through growth 

mediators that are involved in the aetiopathogenesis of GH (Modeer et al. 1989; Nares et 

al. 1996; Brunius et al. 1996). In order to examine this, KB cells were treated with serum 

and with a number of individual factors and the levels o f KGFR were analysed by FCM,
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as described in section 2.4.3.2. Control cultures contained the full culture media

containing 1% FCS.

5.2.2.1 Serum

Serum is considered to contain a large number of cell activating mediators, therefore the 

role of serum was evaluated by incubating KB cells in full medium containing 10% FCS. 

The fluorescence profiles of the serum-treated cells were observed to have a higher level 

of fluorescence intensity compared with the control cells, indicating an elevated level of 

KGFR in the serum-treated cells. A summary of the results obtained from 2 separate 

experiments is shown in Table 5.4. The relative AFI value in the serum-treated cells was 

1.42 (± 0.06) times higher than in the control cells (AFI 16 ± 1.00; range 15-16).

5.2.2.2 Effects of PDGF and EGF on KGFR

In order to identify the specific component of serum that generates a stimulatory effect on 

KGFR expression, KB cells were treated with PDGF and EGF (10 ng/ml of each) the 

levels of KGFR expression were measured by FCM. The experiment was repeated twice. 

As shown in Table 5.4, compared to the control cells, the average level of KGFR 

expression was higher in PDGF-treated cells, which was 1.63 (± 0.18) times greater than 

the control cells (AFI 16 ± 1.00; range 15 - 16), while no difference was observed in 

EGF-treated KB cells from untreated, control. The AFI level indicating KGFR 

expression in EGF-treated cells was 16 (± 4.24), similar to that of the control cells.
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Table 5.4. Efifects of growth mediators on KGFR levels in vitro

Conditions Relative AFI (± SEM) AFI range

Serum 1.42 ±0.06 22-22

PDGF 1.63 ±0.18 24-28

EGF 1.00 ±0.05 13-19

IL-la 2.61 ±0.11 38-43

IL-lp 2.57 ± 0.53 35-44

IFN-y 1.60 ±0.27 20-30

DHT 1.00 ±0.02 12-20

The values shown are the relative AFI level ± SEM in KB cell cultures treated with 

serum and a number of individual growth mediators compared with the control cultures, 

defined as 1.0. The results were obtained fi*om 2 separate experiments. The range of AFI 

is also shown. The AFI of the control culture was 16 ± 1.00 (15 - 16).

5.2.2.3 Effects of cytokines on KGFR

KB cells were treated with IL-1 (a and p) and IFN^ and KGFR expression in response to 

these cytokines was measured. FCM analysis showed elevated levels of KGFR in 

cytokine-treated cells compared with the untreated control cells. The experiments were 

carried out twice. The AFI level in the IL-1 (a and p) treated cells was on average 41, 

which was more than 250% higher than the untreated cells (AFI of 16). Similarly, the 

cells treated with IFN-y showed a relatively higher level of KGFR (AFI of 25 ± 7), which 

was 1.6 times greater than the control cells (AFI of 16).
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S.2.2.4 Effects of testosterone on KGFR

A possible role of testosterone in the pathogenesis of hyperplastic lesions, including GH 

has been reported' by several studies (Dayan et al. 1998; Sooriyamoorthy et al. 1990) and 

androgen regulates the synthesis of KGF (Peehl and Rubin 1995). However, it is not yet 

known whether testosterone plays any part in the regulation of KGFR. To examine the 

role of testosterone on the level of KGFR, KB cells were treated with DHT at the 

concentration of 20 ng/ml in phenol-red free medium containing charcoal-treated FCS in 

order to avoid the possible effect of steroids present in conventional FCS. The 

experiment was repeated twice and the results are summarized in Table 5.4. No 

difference in the level of KGFR expression was observed between the control and DHT- 

treated cells (AFI of 16 ± 5.66; range 12 to 20).

5.3 DISCUSSON

The mitogenic activity of KGF on epithelial cells has been well documented (Rubin et al. 

1989), although there is also evidence that epithelial cells derived from different sources 

respond differently to this growth factor (Strain et al. 1994). Thus, while a positive 

influence of KGF on rat hepatocytes was demonstrated, no effect was observed on human 

hepatocytes (Strain et al. 1994). Since in this study elevated levels of KGF were 

observed both in vivo and in vitro, the biological effect of this factor on primary gingival 

epithelial and KB cells was investigated. These cells were found to proliferate at a 

relatively higher rate in the presence of KGF, similar to the effect of KGF on 

kératinocytes derived from other tissues including skin, prostate, breast and pancreas, as 

previously reported (Rubin et al. 1989; Dlugosz et al 1994; Marchese et al. 1997). In 

addition, dose-response of gingival epithelial cells to KGF was also consistent with
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previous reports (Latkowski et al. 1995; De Beilis et al. 1998; Ropiquet et al. 1999). 

Furthermore, the lack of KGF effect on the morphology of oral epithelial cells is also 

consistent with the findings of Hines and Allen-Hoffmann (1996) who observed no 

alteration in cell morphology in the presence of KGF, although changes in morphology of 

transformed cells had previously been shown in the presence of KGF in the post

confluent stage (Marchese et al. 1997).

Epithelial cell mitogenic activity was found to be present in gingival fibroblast 

supematants, consistent with the observation of Chedid et al. (1994) who demonstrated 

that there was increased proliferation of epidermal kératinocytes in the presence of IL-1- 

treated dermal fibroblast supematants. This suggests that epithelial cell mitogenic factors 

secreted by fibroblasts are fimctionally active, not in a latent stage as observed for other 

factors such as TGF-P (Steiner 1995; Tipton and Dabbous 1998). Furthermore, KGF 

activity in the supematant was established by the reduced DNA synthesis in KB cells 

incubated with fibroblast supematant that had been treated with anti-KGF antibody, as 

observed by Chedid et al. (1994). However, the extent of reduced KGF activity in 

fibroblast supematant following antibody treatment in the present study was different 

fi’om the finding of Chedid et al. (1994), which might be related to different ability of the 

antibodies to neutralize KGF, because the antibodies used for KGF neutralization were 

different in these 2 studies. The residual DNA synthesis observed here in KB cells in the 

presence of fibroblast supematants, even after neutralization of KGF activity might 

reflect the influence of other paracrine factors such as insulin-like growth factor or 

hepatocyte growth factor which have also been shown to be present in fibroblast 

supematants (Post et al. 1996).
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Since GH is a side-effect of CsA, NIF and PHT, a proliferative effect of these drugs on 

epithelial cells would be expected. The present finding, however, showed an inhibitory 

effect of all 3 drugs on the proliferation of epithelial cells, which is consistent with the 

observation of Furue et al. (1988) and Vijayasingham et al. (1991), with CsA and PHT, 

respectively. Thus it is possible that epithelial proliferation seen in GH in vivo is due to 

the indirect modulation via other cell types, such as fibroblasts, rather than the result of 

interaction between these drugs and kératinocytes, as suggested previously by 

Vijayasingham et al. (1991).

The result thus far demonstrated that KGF induces the proliferation of epithelial cells. 

However, it is not yet known whether KGF regulates its receptor. The present finding of 

up-regulation of KGFR expression in response to KGF indicates that in vivo KGFR is 

subjected to dual sources of stimuli, derived from KGF and by the drugs themselves 

(chapter 4). The present finding that KGFR is up-regulated by PDGF, IL-1 (a and (3) and 

IFN-y, suggesting the possibility that these growth mediators elevated the level of this 

receptor in GH, because the abovementioned factors are reported to play important roles 

in GH (Modeer et al. 1989; Dill et al. 1993; Myrillas et al. 1999). The present study 

showed that EGF has no effect on KGFR expression although both EGF and KGF 

principally act on epithelial cells. This is possibly due to the different signalling 

pathways for EGF and KGF, as have been shown previously by Marchese et al. (1990), 

although KGF is reported to promote epithelial cell growth activating the EGFR 

signalling pathway through its ligand TGF-a (Dlugosz et al. 1994).

DHT is reported to regulate the production of KGF which further results in epithelial 

proliferation. However, the effect of testosterone on the levels of KGFR is not known. 

The present observation suggests that DHT may have no effect on the level of KGFR. A
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similar finding was reported for oestrogen, (Pedchenko and Imagawa 1998). Even 

though the present study failed to detect any effect of DHT on the level of KGFR, it does 

not be exclude the possibility that DHT has influence on the other features of KGFR such 

as stability or turnover, rather than up-regulation. Pedchenko and Imagawa (1998) 

showed that progesterone increases the stability of KGFR mRNA, while having no direct 

effect on the level of this receptor. Taken together, these findings have demonstrated that 

KGFR is regulated by a number of bioactive molecules, which are reported to be elevated 

in GH tissues. It is thus possible that the test drugs may act through these molecules to 

regulate KGFR.

5.4 CONCLUSIONS

The experiments carried out in this part of the study have shown that:

• KGF has a dose-dependent effect on the proliferation of gingival epithelial 

cells;

• KB cells respond to KGF in an identical way to that of the gingival epithelial 

cells, indicating that KB cells can be used as a model of gingival epithelial 

cells, at least for this purpose;

• gingival fibroblast supematants contain a number of epithelial cell mitogenic 

factors, including KGF;

KGF up-regulates the level of KGFR expression;

• KGFR is elevated in the presence of PDGF BB, IL-1 (a  and P) and IFN-y in 

vitro, therefore, cyclosporin A, nifedipine and phenytoin may affect the level 

of KGFR via these mediators;

• EGF and androgens have no effect on the level of KGFR in vitro.
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CHAPTER 6 

SUMMARY AND FUTURE STUDIES

6.1 THE KGF-KGFR PATHWAY OF MESENCHYMAL-EPITHELIAL 

INTERACTION IN GH

Mesenchymal-epithelial interactions play an essential part in many fundamental 

biological phenomena through the coordinated control of cell behaviour, during 

embryogenesis and in tissue homeostasis in the adult (Finch et al. 1995a). Although the 

mechanisms underlying these interactions are not fully understood, it is widely 

considered that such interactions involve the ECM (Gailit and Clark 1994; Ashkenas et 

al. 1996), cell membrane-associated molecules (Borradori and Sonnenberg 1999) and 

soluble growth factors and cytokines (Smola et al. 1993). Schor and Schor (1987) 

explained the mechanism whereby these two morphologically and functionally distinct 

tissues influence each other in a self-regulating fashion, previously referred to as 

‘dynamic reciprocity’ (Bissell and Barcellos-Hoff 1987). The ‘cross-talk’ between cells 

of mesenchymal and epithelial origin is schematically shown in Figure 6.1.

In the oral mucosa, including the gingiva, the epithelium is separated from the CT by a 

specialized structure referred to as the basement membrane, thereby minimizing the 

influence of direct cell-to-cell contact as the major mechanism of cellular activation. 

Growth factors and cytokines are thus expected to be the most important mediators of 

mesenchymal-epithelial interactions in the gingiva.

KGF is expressed exclusively by the cells of mesenchymal origin (Rubin et al. 1995) and 

has a unique target cell specificity as it is recognised only by KGFR (Miki et al. 1992), 

the expression of which is restricted to epithelial cells only (Finch et al. 1995a).
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Figure 6.1. Schematic representation of mesenchymal-epithelial interaction.

Growth mediators are produced by cells of mesenchymal and epithelial origin and act in a 

paracrine manner on their respective target cells.

The expression pattern suggests that the KGF-KGFR pathway is fundamental in 

mesenchymal-epithelial interactions (Rubin et al. 1995; Finch et al. 1995a). KGF- 

mediated mesenchymal-epithelial interactions have been demonstrated by Finch et al 

(1995a) in various organs during development. KGF-KGFR interaction has also been 

shown to play an important part in the regeneration of the epidermis during wound 

healing, by increasing the rate of re-epithelialization (Werner et al. 1992; Tsuboi et al. 

1993; Marchese et al. 1995) and by inducing the proliferation and differentiation of early 

progenitor cells within hair follicles and sebaceous glands (Pierce et al. 1994). Atrophic
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skin with abnormal hair follicles and impaired re-epithelialization have been shown by 

Werner et al (1994) to result from the targeted expression of a dominant negative KGFR 

mutation. The consequential effects of the expression of this transgene have also been 

observed in stromal tissues, in addition to the epithelial components (Werner et al. 1994), 

and has been suggested to result from abnormal regulation of a number of growth 

mediators due to a decreased KGFR-signalling pathway (Werner et al. 1994; Wu et al. 

1996). This indicates that kératinocytes influence the functions of fibroblasts by 

producing fibroblast-specific growth mediators, as suggested by Schor and Schor (1987). 

In addition to normal biological phenomena, the mesenchymal-epithelial interaction, 

including KGF-KGFR pathway is involved in the pathogenesis of a number of conditions 

ranging from inflammation (Brauchle et al. 1996; Finch et al. 1997) to carcinoma 

(McGarvey and Steams 1995; Bansal et al. 1997). Although KGF-mediated 

mesenchymal-epithelial interaction has been implicated in hyperplastic lesions of breast 

and prostate tissues (Yi et al. 1994; De Beilis et al. 1998), it has not yet been investigated 

in GH. However, the elevated level of KGF in hyperplastic lesion, such as benign 

prostate hyperplasia (De Beilis et al. 1998) is very similar to the increased level of KGF 

in drug-induced GH tissues found in the present study. In addition, relatively increased 

amounts of KGF were found in supematants obtained from drug-treated normal gingival 

fibroblast cultures compared with untreated controls. It is therefore possible that, under 

continuous stimulation by these drugs in vivo, gingival fibroblasts produce excessive 

amounts of KGF, which diffuses to adjacent epithelial cells that express KGFR and 

initiates the intracellular signalling leading to epithelial proliferation and an acanthotic 

epithelium, characteristic of GH (Marshall and Bartold 1998). Epithelial proliferation in 

response to KGF in vivo has been reported during wound healing in a number of animal
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studies (Wemer et al. 1992; Staiano-Coico et al. 1993). In addition, a substantial 

increase in the number of epithelial cells of the gastrointestinal tract and hepatocytes 

(Housley et al. 1994), interlobular pancreatic (Yi et al. 1994) and mammary ducts (Ulich 

et al. 1994) have also been reported following systemic administration of KGF, clearly 

indicating the ability of this growth factor to activate epithelial cells in vivo.

In addition to its direct contribution in epithelial proliferation via the KGFR pathway, 

KGF could be involved indirectly in epithelial proliferation by inducing another epithelial 

mitogenic factor TGF-a (Dlugosz et al. 1994), which acts via the EGFR expressed by 

both fibroblasts and epithelial cells (Irwin et al. 1990). Moreover, Hines and Allen- 

Hoffmann (1996) observed that KGF inhibits apoptosis of kératinocytes by reducing the 

activity of transglutaminase, a Ca^^-dependent enzyme involved in the process of 

apoptosis (McConkey and Orrenius 1997), thus indicating that KGF causes acanthotic 

epithelium not only by stimulating proliferation of epithelial cells but also by increasing 

the life-span of epithelial cells, as suggested in GH by Niimi et al. (1990).

Members of the FGF family, including KGF are chemoattractant for their respective 

target cells (Arias 2001). Since the source of KGF is the CT, migration of epithelial cells 

toward CT would be expected. However, as all epithelial cells do not grow at an equal 

rate (Post et al. 1996), the formation of elongated epithelial rete pegs with branching- 

ends occurs in GH. In addition, KGF induces the enzyme stromelysin (MMP-2) in 

kératinocytes which causes degradation of ECM and in turn facilitates the migration of 

epithelial cells towards the CT (Madlener et al. 1996; Pirila et al. 2001).

Even though KGF is primarily involved in epithelial cell proliferation and migration, the 

KGF-KGFR interaction induces the expression of a number of mediators in 

kératinocytes, which in turn regulate the biological activity of mesenchymal cells. For
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example, KGF induces TGF-P 1 and activin (Hubner et al. 1996) in kératinocytes, and 

these factors are actively involved in the proliferation of fibroblasts and also in the 

synthesis of ECM by epithelial as well as mesenchymal tissues (Pierce and Mustoe

1995). It is notable that TGF p not only increases the synthesis of ECM but also blocks 

ECM breakdown by down-regulating the expression of proteases such as collagenase, 

and up-regulating the expression of protease inhibitors such as TIM? (Edwards et 

a/. 1987; Tipton and Dabbous 1998). Thus, KGF could also contribute to the 

accumulation of ECM by both increasing synthesis and decreasing breakdown. 

Moreover, TGF-P has been shown to play an important role in the pathology of GH by 

Saito et al. (1996). In addition, TGF-P also induces the expression of PDGF and 

connective tissue growth factor (CTGF), both of which have been implicated in the 

pathogenesis of GH (Dill et al. 1993; Nares et al. 1996; Uzel et al. 2001). Again, PDGF 

is a potent inducer of KGF (Brauchle et al. 1994). Thus, a chain of interaction among 

various bioactive molecules is generated which fimctions collectively and causes GH 

pathology. A possible interaction of KGF-KGFR pathway with other factors is shown 

schematically in Figure 6.2.

Increased KGF enhances neovascularisation either by stimulating kératinocytes to secrete 

angiogenic factors such as VEGF (Frank et al. 1995) and TGF-p (Hubner and Wemer

1996) or acting directly on capillary endothelial cells (Gillis et al. 1999). KGF is also 

resulting in secretion of a number of pro-angiogenic proteases such as urokinase-type 

plasminogen activator, MMP-9 and MMP-13 (Putnins et al. 1995). By stimulating 

angiogenesis, KGF is also involved in the progression of GH pathology, as persistent 

angiogenesis is considered to be essential for the progression of a number of diseases 

(Folkman 1995).
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Figure 6.2. Schematic diagram to illustrate the KGF-KGFR pathway in the 

pathogenesis of GH. Note the interactions of various factors associated with the KGF- 

KGFR pathway and possibly involved in the pathogenesis of GH.

Although the mechanisms involved in the up-regulation of KGF in response to the drugs 

are not known, it is possible that the drugs act via other growth mediators, such as PDGF, 

EGF, IL-1, IL-6. Because these mediators have been reported to be involved in the 

pathogenesis of GH (Modeer et al. 1989; Williamson et al. 1994; Plemons et al. 1996;
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Nares et al. 1996) and they have been reported to stimulate KGF synthesis by fibroblasts 

(Chedid et al. 1994; Brauchle et al. 1994). Subsequently, PDGF and IL-1 have been 

recognised as highly potent inducers of KGF (Chedid et al. 1994), consistent with the 

present finding that KGF secretion was up-regulated by PDGF and IL-1. These findings 

suggest that these two growth mediators may also contribute to the excessive epithelial 

proliferation observed in GH. PDGF and IL-1 are actively secreted by epithelial cells 

(Ansel et al. 1993) and act on fibroblasts, which express the specific receptors for PDGF 

(Ansel et al. 1993) and IL-1 (Smola et al. 1993). In addition to PDGF and IL-1, factors 

present in serum (for example EGF, IL 6, TNF a, TGF a  and bFGF) also induce KGF 

(Brauchle et al. 1994; Chedid et al. 1994) and all of these have been implicated in the 

pathogenesis of drug-induced GH (Modeer and Andersson 1990; Williamson et al. 1994; 

Brunius et al. 1996; Saito et al. 1996). It is notable that two potential binding sites for 

the transcription factor NF IL-6, the response element for IL-1, IL-6 and other 

inflammatory mediators, have been identified in the KGF gene promoter (Finch et al. 

1995b).

In addition to growth factors and cytokines, hormones, particularly male sex steroids, 

play an important role in KGF regulation. Notably, gingival tissue has been recognised 

as a possible target tissue for testosterone, because it expresses the AR (Southren et al. 

1978; Parkar et al. 1996). Up-regulation of both androgen and AR levels has been 

reported in GH pathology (Southren et al. 1978). In addition, hyperplasia-inducing drugs 

significantly enhance the conversion of testosterone to the active metabolite DHT via the 

enzyme 5 a-reductase (Sooriyamoorthy et al. 1990) present in fibroblasts (Lopez-Otin 

and Diamandis 1998). Thus, these drugs could further contribute to the GH pathology by 

enhancing the conversion of testosterone to DHT, which further results in more KGF
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production. The present observation that DHT up-regulates KGF in gingival fibroblasts, 

suggests the possibility that androgen activity is mediated through the KGF-KGFR 

pathway. Notably, Dayan et al (1998) demonstrated absence of GH in castrated dogs 

even after continuous administration of calcium channel blocking drugs. Although the 

exact mechanism by which castration blocks hyperplastic reactions in gingiva is not yet 

known, reduced levels of growth factors, including KGF, have been observed following 

castration (Steiner 1995). It is thus possible that following castration the KGF-KGFR 

pathway is interrupted, and resulting in a reduced hyperplastic reaction in gingiva.

The present study also showed that there were increased amounts of KGFR-specific 

immunoreactivity and mRNA in GH tissues in vivo, suggesting that GH tissues are more 

KGF-responsive compared to NG tissues. Similarly elevated levels of KGFR have also 

been shown previously in benign prostate hyperplasia (De Beilis et al. 1998). In 

hyperplastic gingiva, the localization of KGFR in the basal, spinous and granular layers 

suggests an extensive proliferative activity of epithelial cells in contrast to the presence of 

KGFR in the spinous and granular layers of NG tissues. This extensive distribution of 

KGFR could be involved in increased epithelial thickness observed in GH pathology 

(Marshall and Bartold 1998). Similarly, an extensive epithelial proliferative activity has 

been reported in the dermal hyperplastic lesion psoriasis (Finch et al. 1997). Moreover, 

the FCM analysis carried out in this study showed increased levels of KGFR expression 

in gingival epithelial cells incubated in the presence of these drugs compared with the 

untreated control cultures, indicating that these drugs also influence the KGFR part of the 

KGF-KGFR pathway of mesenchymal-epithelial interaction. In addition to these drugs, 

KGFR was also found to be up-regulated by KGF itself. Thus in vivo, the levels of 

KGFR expression could be up-regulated not only by the drugs but also by KGF, secreted
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by fibroblasts in response to the drugs. Moreover, KGFR expression was also found to 

be elevated by certain other growth factors and cytokines, such as PDGF, IL-1 which are 

elevated in GH pathology and are also inducers of KGF. These observations thus suggest 

the possibility that the KGF-KGFR pathway is involved in epithelial proliferation 

observed in GH. Such bioactive molecule-mediated activity has been suggested on oral 

epithelial cells in the presence of PHT rather than a direct influence of this drug on the 

proliferation of these cells (Vijayasingham et al. 1991). And this is supported by the 

present finding that an epithelial proliferative activity is present in drug-treated gingival 

fibroblast supematants, although the test drugs were found to have an inhibitory effect on 

the proliferation of gingival epithelial cells.

As with other growth factors, KGF binding to its receptor typically causes receptor 

dimerization, which in turn leads to autophosphorylation (Alberts et a l 1998). The 

autophosphorylation marks the beginning of a cascade of molecular events, leading to 

changes in cell proliferation rates, cell migration, cell adhesion and/or cell differentiation 

(Boilly et al. 2000). These signal transduction pathways induced by KGF, like other 

growth factors, are mediated through a number of second messengers, including Ca^ .̂ 

This ion is essential in many biological and biochemical processes such as muscle 

contraction, synaptic transmission, neurosecretion, the release of hormones and fluid 

secretion and often act as a co-factor for enzymatic reactions involved in normal tissue 

homeostasis (Alberts et al. 1983). CsA, NIF and PHT have been shown to act as Ca^  ̂

antagonists (Colombani et al. 1985; Messing et al. 1985) and thereby to influence the 

levels of intracellular Ca^  ̂(Gelfand et al. 1988). The inhibition of Ca^  ̂ influx by these 

drugs (Ishida et al. 1995) would inhibit Ca^Vcalmodulin-dependent activities, which in 

turn reduce apoptosis (McConkey and Orrenous 1997). A reduced apoptosis has been
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reported in GH tissues (Saito et al. 2000) and the association of Ca^Vcalmodulin 

controlled anti-apoptotic processes have also been reported in other hyperplastic lesions 

such as gastric hyperplasia (Li et al. 2000). In addition, decreased intracellular Ca^  ̂

levels are also associated with reduced activity of collagenase (Brown et al. 1991; 

Marshall and Bartold 1998) as reported with CsA ( Sugano et al. 1998; Bolzani et al. 

2000). Thus, these drugs could cause GH pathology by altering the balance between 

matrix formation and degradation, favouring the accumulation of the matrix (Hassel et al. 

1976; Tipton et a l 1991) and also by reducing the apoptosis (Niimi et al. 1990). 

Notably, KGF is involved both in the accumulation of ECM (Hubner et a l 1996; Pilcher 

et al. 1997) and inhibition of apoptosis (Hines and Allen-Hoffmann 1996), the two major 

mechanisms associated with the manifestation of GH lesion. Thus, the KGF-KGFR 

pathway plays an important role in GH pathogenesis.

In summary, KGF secretion by the gingival fibroblasts has been shown to be increased in 

response to hyperplasia-inducing drugs. This factor acts on epithelial cells via KGFR and 

causes proliferation of epithelial cells. This leads, in turn, to the production of certain 

epithelial-derived growth mediators such as PDGF, TGF-P and VEGF that stimulate the 

growth of mesenchymal cells, synthesis of ECM and also neovascularisation. These 

factors again induce KGF, thus a cycle of KGF/KGFR communication is established in the 

gingiva via mesenchymal-epithelial cellular interaction, which leads, consequently, to the 

overgrowth of both epithelial and CT components and the pathology of GH.

Although the regulatory mechanisms of the mesenchymal-epithelial cells involve a 

complex network of interactions between several cytokines/mitogens, this study suggests 

that drug-induced up-regulation of KGF and KGFR may be a common molecular 

aetiopathogenic aspect that links together all three drugs that cause GH.

222



Chapter 6

6.2 FUTURE STUDIES

The present study was undertaken to examine the hypothesis that KGF and KGFR are 

involved in the pathogenesis of GH. Accordingly, the study was designed to compare the 

levels of KGF and KGFR in GH and NG tissues in vivo and to evaluate the effects of 

hyperplasia-inducing drugs on KGF and KGFR in vitro. The findings have suggested 

that both KGF and KGFR are likely to play an important part in the molecular pathology 

of this disease. Therefore, a reduced incidence of drug-induced GH could be speculated 

with inhibition or reduction of the role of the KGF-KGFR pathway, which can be 

attained by various methods. However, in order to determine the efficacy of those 

methods, few more experiments in vitro are required to be carried out.

6.2.1 Inhibition of KGF activity

6.2.1.1 Neutralization of KGF activity by antibodies

Antibodies specific for particular growth factors usually neutralise the biological activity 

by blocking site of the factor to receptors on target cells. Local application of an 

antibody specific for KGF would therefore expected to reduce the activity of the KGF- 

KGFR pathway. The efficacy of the KGF-neutralising antibody could be evaluated by 

measuring the amount and activity of KGF in fibroblast culture supematants after 

treatment with antibody. Similarly the efficacy of anti-KGFR antibody on the level of 

KGFR could be examined in epithelial cells.

6.2.1.2 Inhibition of KGF activity by suramine

Suramin, a polysulfonated naphthylurea, has been reported to possess anti-tumour 

activity, possibly by blocking the binding of growth factors to their corresponding
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receptors (Steiner 1995). Since a number of growth factors have been implicated in the 

aetiopathogenesis of GH, as well as KGF reported here, and suramin possesses anti

growth factor activity non-specifically, the local application of suramin might be of 

therapeutic value in preventing GH. However, the effect of suramin specifically on the 

KGF-KGFR pathway is not yet known and would require in vitro investigation.

6.2.1.3 Use of anti-androgens to inhibit KGF production

Testosterone regulates the synthesis of a number of growth factors, including KGF, 

which has been implicated in the pathogenesis of GH. It is thus possible that hyperplasia- 

inducing drugs might act through testosterone-mediated pathway. Thus the application of 

androgen antagonists, which block androgen activity in gingival tissues, might down- 

regulate the production of growth factors and thereby, reduce GH. Notably, anti

androgens have been used with some success in the treatment of hyperandrogénie 

disorders, including prostate cancer (Lopez-Otin and Diamandis 1998). However, the 

effect of anti-androgens in relation to GH pathology has not yet been studied. This could 

readily be determined by measuring KGF secretion by normal gingival fibroblasts 

cultured in the absence or presence of these antagonists.

6.2.1.4 Inhibition of the KGF-KGFR pathway by antisense therapy

The principle of antisense technology is the sequence-specific binding of an antisense 

oligonucleotide to a specific target mRNA, thus blocking the translation of this mRNA in 

to a polypeptide. The specificity of antisense mRNA hybridization makes this type of 

treatment an attractive therapeutic strategy, since it selectively ablates the activity of a 

specific gene. Since KGF and KGFR are increased in GH and the nucleotide sequences
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of KGF and KGFR are known, this growth factor and receptor could be blocked by 

applying anti-sense oligonucleotides complementary to the KGF and KGFR mRNA. The 

efficiency of the anti-sense oligonucleotides could be evaluated by measuring their 

effects on the level of KGF and KGFR expression in the presence of hyperplasia- 

inducing drugs in vitro with control cultures incubated with ‘sense’ oligonucleotide. 

Notably, Post et al. (1996) demonstrated that KGF and KGFR-specific antisense 

oligonucleotides reduce the branching morphogenesis of lungs in organ culture, 

suggesting that such an approach might effective in preventing or blocking GH.

6.2.2 Role of FGF 10 (KGF 2) in GH

Recent studies have identified another member of the FGF family (FGF 10/KGF 2), 

which has a high degree of structural homology with KGF (Igarshi et al. 1998). Unlike 

the original KGF studied here (KGF-1), this new growth factor, KGF-2, is mitogenic for 

fibroblasts as well as epithelial cells and has also been shown to be involved in wound 

healing processes in vivo (Jimnez and Rampy 1999). The antibody and PCR primers 

used in the present study are specific for KGF-1. Further studies are required to 

determine the expression and role of KGF-2 in GFI pathogenesis. Since epithelial cells, 

the target cells of these two growth factors, are continuously undergoing differentiation 

and proliferation, it would be appropriate to determine whether KGF 1 and 2 regulate 

different functions on the target cells.
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