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Abstract
The aim of this thesis was to investigate the pathogenesis of oral submucous 

fibrosis (OSF), a chronic inflammatory condition of oral mucosa restricted to 

certain racial and behavioural groups. Specifically, the objectives were to 

investigate (a) the HLA antigen frequencies in OSF patients in order to 

determine whether any genetic predisposition is related to this condition, (b) the 

systemic inflammatory and antifibrotic cytokines synthesised by peripheral 

blood mononuclear cells (PBMC) of OSF patients by an ELISA method (c) to 

observe the effect of IFN-y on collagen synthesis by OSF fibroblasts in vitro and 

(d) to determine the effect of IFN-y on OSF in vivo by observing improvements 

in the clinical symptoms of OSF, after they had received fifteen intra-lesional 

injections of 50pg rhIFN-y. Finally, tissue alterations in OSF were compared by 

characterising (e) the inflammatory cell infiltrate and (f) the cellular source of 

cytokines and growth factors in lesional tissue immunohistochemically.

The results showed that (a) the HLA antigen frequencies HLA-A24, Bw6, DRB1 

11 and DRB3 0202/3 are significantly higher in OSF patients compared to the 

Caucasians; (b) the levels of cytokines IL-ip, IL-6, IL-8 and TNF-a synthesised 

by PBMC are significantly higher, and IFN-y lower, in OSF patients compared to 

healthy controls; (c) rhIFN-y shows a dose dependent inhibition of collagen 

synthesis by OSF fibroblasts in vitro; (d) there is a significant improvement in 

mouth opening and other oral symptoms after intra-lesional injection of rh IFN-y 

in vivo, without any major side effects; (e) the predominant chronic inflammatory 

cells express CD4 and HLA-DR, with higher CD4 to CDS ratios in OSF 

compared to normal oral mucosa, and (f) the levels of cytokines and growth 

factors IL-1p, IL-6, IFN-p, FGFb and PDGF appear to be higher in OSF, but 

IFN-y to be lower, in OSF compared to normal.

In conclusion, the results suggest that OSF is a chronic fibrotic lesion as a result 

of a local immune reaction in a group of areca nut chewers who are genetically 

vulnerable. The signs and symptoms are attributable at least in part to a 

deficiency of IFN-y. Local injections of rhIFN-y have a beneficial effect and may 

offer a novel means of therapy for this condition.
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Chapter 1 
Introduction

The aim of this thesis is to find out more about the aetiology of, and if possible an 

effective treatment for, oral submucous fibrosis (OSF), a pre-cancerous condition 

especially found among betel quid chewers of Indian origin.

1.1 General introduction

OSF is a chronic, progressive, fibrotic condition of the oral cavity and oropharynx 

(Pindborg and Sirsat 1966, Canniff et al. 1986), which occasionally also involves 

the upper third of the oesophagus (Maher et al. 1995). This condition has a close 

epidemiological association with the chewing of the betel quid consisting of the 

areca nut, betel leaf, slaked lime and tobacco (Maher et al. 1994), (description of 

quids in Chapter 2 section 2.3.2.2). This forms part of a custom where after every 

meal, the host entertains guests by offering them a betel quid to chew (Rajendran 

1994). However, none of these customs or habits was shown to be directly linked 

to the occurrence of OSF. This condition is predominantly seen among Indians 

living in or outside India, occasionally in other Asians and sporadically in 

Europeans (Pindborg 1972). The prevalence of this condition, according to 

Pindborg et al. (1968), varies in different parts of India from 0.2 to 0.5 per cent in 

the general population and no fewer than 5 million people suffer from OSF in the 

subcontinent.

The major presenting complaint is a progressive inability to open the mouth due 

to accumulation of inelastic fibrous tissue in the lamina propria and submucosa, 

and in advanced cases the jaws may be inseparable. Nasopharyngeal 

involvement may cause palatopharyngeal incompetence and deafness, and 

fibrosis in the oesophagus may present as dysphagia. The uvula may become 

small and distorted with reduced palatal mobility, nasal regurgitation or nasal 

intonation to the speech. In early cases the buccal mucosa is mottled and 

marble-like in appearance where the dense, pale, depigmented fibrosed areas 

alternate with pinker, more normal mucosa. As the disease progresses, thick 

vertical inextensible fibrous bands develop. The floor of the mouth becomes pale
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and thickened, the tongue reduces in size and mobility, and bands of encircling 

collagen distort the lips (Canniff et al. 1986, Murti et al. 1995).

Histologically there is atrophy of the epithelium, together with a keratinising 

metaplasia and accumulation of hyalinised collagen beneath the basement 

membrane with a progressive loss of vascularity. There does not appear to be 

any evidence of endarteritis in the lesion. There may be variable infiltration of the 

submucosa with chronic inflammatory cells (Biswas and De 1978). Histologically 

this condition resembles "localised scleroderma", in that epithelial atrophy and 

fibrosis in the submucosa are associated with chronic inflammatory cell 

infiltration.

1.2 Clinical and histological features

1.2.1 Clinical features
The onset of the condition is usually insidious over a 2 to 5 year period (Pindborg 

and Sirsat 1966). The prodromal symptoms include a burning sensation in the 

mouth when consuming spicy food, appearance of blisters specially in the palate, 

ulceration or recurrent generalised inflammation of the oral mucosa, excessive 

salivation, defective gustatory sensation, and dryness of the mouth (Sirsat and 

Pindborg 1967a). Occasionally vesicles may appear in the cheek and palate. 

Focal vascular dilatation may manifest clinically as petechae in the early stage of 

the disease (Pindborg and Singh 1964, Bhonsle et al. 1981). This was 

considered to be part of a vascular response of the mucosa towards some 

external irritant like chilli and spices (Sirsat and Khanolkar 1960) or betel quid 

(Canniff and Harvey 1981).

The oral mucosa is usually involved symmetrically and the fibrous bands in the 

buccal mucosa run in a vertical direction (Pindborg et al. 1964). Upon palpation, a 

circular band can be felt around the entire rima oris, and these changes are 

sometimes quite marked in the lower lip (Mani 1977). The density of the fibrous 

deposit varies from a slight whitish area on the soft palate causing no symptoms 

to a dense fibrosis-causing fixation and shortening or even deviation of the uvula 

and soft palate. The dense fibrosis around the pterygomandibular raphe causes 

varying degrees of trismus. Impairment of tongue movement without significant
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atrophy of the tongue papillae may also be observed in the patients with 

advanced OSF. With progressing fibrosis, patients may complain of stiffening of 

certain areas of the mucosa leading to difficulty in opening the mouth, inability to 

whistle or blow out a candle, and difficulty in swallowing. When the fibrosis 

involves the pharynx, the patient may experience referred pain in the ear 

(Pindborg and Sirsat 1966) and deafness due to obstruction of the Eustachian 

tube (Millard 1966). Change in tone of the voice due to vocal cord involvement is 

one of the later signs in some patients (Rao 1962, Millard 1966, and Hamner et 

al. 1974).

1.2.2 Histological features 

Epithelial changes:
The histopathological changes that occur in OSF vary both in the epithelium 

and in the connective tissue according to the clinical severity of the condition. 

Evaluation of the epithelial changes shows that the increase in the clinical 

severity of the disease may be accompanied by epithelial hyperplasia or 

atrophy, usually the latter which also may be associated with an increased 

tendency for keratinising metaplasia (Rajendran 1994). The epithelial atrophy 

and partial or complete flattening of the rete ridges are usually seen in more 

than 90% of clinically diagnosed cases (Pindborg et al. 1965). The atrophic 

epithelium in OSF may also exhibit, 1) intercellular oedema, 2) signet cells and 

3) epithelial atypia (focal dysplasia) (Pindborg and Sirsat 1966). Similar 

histological features may also be seen after staining with Rinehart and van 

Gieson stains with atypia and atrophy of the overlying epithelium, and juxta- 

epithelial deposition of an abnormal material (Hamner et al. 1971). Sirsat and 

Khanolkar (1957) mentioned that the epithelium in OSF may become 

predominantly hyperplastic and a keratinised buccal mucosa may also be seen. 

Wahi et al. (1966) described these contrasting features of the epithelium in 

OSF, which may be due the selection of cases or to the sites of biopsy in the 

various studies. They also mentioned that lesions involving the palate may 

show predominantly orthokeratosis and those of the buccal mucosa 

parakeratosis.
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Sub-epithelial changes:

The connective tissue changes are the major changes in OSF, which ultimately 

lead to severe restriction of mouth movement, including the tongue. On the 

basis of histological appearances of Haematoxylin and eosin stained sections, 

the connective tissue changes may be grouped into four consecutive stages- 

very early, early, moderately advanced and advanced stages (Pindborg and 

Sirsat 1966). The sub-epithelial changes may also depend on the nature of 

onset of the condition.

The lesions which start with vesicle formation show a sub-epithelial accumulation 

of fluid (oedema) and an inflammatory reaction exhibiting a number of 

eosinophilic cells in the lamina propria below the vesicle (Pindborg and Sirsat 

1966, Bhonsle et al. 1981). The lesions that start without vesicle show the 

features described below.

The very early stage may be characterised by a dispersed, finely fibrillar 

collagen with marked oedema, a strong fibroblastic response with plump young 

cells containing abundant cytoplasm, and blood vessels some of which remain 

normal, but some of which are dilated and congested. Inflammatory cells mainly 

polymorphonuclear leukocytes and occasional eosinophils may also be 

observed in the lamina propria.

In the early stage the juxta-epithelial area shows early hyalinisation, but 

collagen still remains separate in thick bundles, plump young fibroblasts remain 

moderate in numbers and blood vessels become dilated and congested. The 

inflammatory cells are mostly mononuclear lymphocytes, eosinophils and 

occasional plasma cells. El-Labban and Canniff (1985) also mentioned that the 

majority of muscle fibres retain normal fibrillar diameter, and only occasionally a 

homogeneous material accumulates in the lamina propria mainly in the early 

stage with no evidence of restricted mouth opening.

In the moderately advanced stage the collagen becomes more hyalinised, the 

amorphous change starts from the juxta-epithelial basement membrane 

(Hamner et al. 1971). Occasionally, thickened collagen bundles remain
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separated by residual oedema. The fibroblastic response is less marked. Blood 

vessels become constricted as a result of increased surrounding fibrous tissue. 

The inflammatory infiltrate consists of lymphocytes and plasma cells.

In the advanced stage the collagen becomes completely hyalinised, with no 

separate bundles discernible. The hyalinised areas are devoid of fibroblasts, 

and blood vessels become completely obliterated or narrowed. There are 

severe changes, or necrosis, in a high proportion of muscle fibres with complete 

loss of their plasma membrane and clinical evidence of restricted mouth 

opening (El-Labban and Canniff 1985). Several other studies (De Sa 1957, 

Sharan 1959, Sirsat and Khanolkar 1962) also observed that collagen itself is 

abnormal with hyaline degeneration, fragmentation, and elastotic degeneration. 

The inflammatory cells are lymphocytes and plasma cells. A rise in mast cells 

occurs in the earlier stages of the tissue reaction, but in the more advanced 

stages the counts become similar to those seen in normal mucosa, or even lower 

(Bhat and Dholakia 1977). Characteristically, melanophages are occasionally 

seen in the lamina propria surrounded by dense collagen.

An electron microscopic study on collagen reported that type III collagen fibrils 

might be concentrated at the epithelial-connective tissue junction, around blood 

vessels, muscle bundles, and salivary glands in the lesional area (van Wyk et 

al. 1990). They mentioned that some areas could have bundles with mixed 

fibrils, some of which may consist only of thin, loosely packed fibrils. This study 

concluded that the deposition of abnormal collagen fibres in OSF was 

stimulated by the betel quid alkaloids, as previously published by Harvey et al. 

(1986).
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1.3 Epidemiology

Numerous published reports on OSF allow an informed appraisal of its 

geographical distribution and percentage prevalence. Early in this century, Orr 

(1933) probably conducted the first known survey of OSF by means of a nation

wide questionnaire which showed that this condition is one of the common 

mouth problems in south-west India, and associated it with the use of shell lime 

and tobacco along with areca nut. In a hospital-based survey among patients 

attending the four dental colleges (two in the north and two in the south), 

Pindborg et al. (1964) recorded the prevalence of OSF and found it to be higher 

in the north than in the south of India. Mehta et al. (1972) found prevalence of 

0.03% among 101,761 villagers in the state of Maharashtra, India. Pindborg 

(1980), from a series of epidemiological surveys conducted in India and South 

Africa, mentioned that OSF has a close association with the chewing of betel 

quid with some other spices, and he found a prevalence range from zero in 

Bihar to 0.6% in Uttar Pradesh and Durban, South Africa. In a community based 

epidemiological studies in three areas of India (north and south), however, 

unlike Pindborg, Gupta et al. (1980b) recorded a higher incidence of OSF in the 

south than in the north of India and the incidence rate in Ernakulam (in South 

India) was 8 for men and 19 for women per 100,000. In Durban (South Africa), 

Seed at and van Wyk (1988) found 186 betel-nut chewers in a random stratified 

sample of 2058 subjects older than 10 years, of whom 70 (38%) exhibited 

features of early and established OSF, the prevalence rate was 3.4%. Table 1.1 

shows the prevalence rates of OSF in different parts of India and in South 

Africa.

Variations in the prevalence figures are common between different studies, 

probably because of differences in the clinical criteria for diagnosis (Pindborg et 

al. 1980). They mentioned that some investigators adhere to the earlier signs and 

symptoms such as pain, history of vesicles, ulcers and blanching of the mucosa 

for diagnosis, while others look for fibrous bands as the diagnostic criterion of 

OSF, which could make the differences.
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Table 1.1 Prevalence of OSF in India and South Africa among the Indians

Investigator/Year Places Sample size Percentages
Pindborg et al./1964 Lucknow (North India) 10,000 0.51

Bombay (North India) 10,000 0.50
Bangalore (South India) 10,000 0.18
Trivandrum (South India) 05,000 1.22

Mehta et al ./1972 Gujarat (North India) 10,071 0.20
Kerala (South India) 10,287 0.40
Andhra Pradesh (South India) 10,169 0.04
Bhihar (East India) 20,388 0.07
Maharashtra (Central India) 101,761 0.03

Seedat & van Wyk/1988 Durban, South Africa 2,058 3.40

Most examples of the disease so far recorded in the medical literature have 

involved Indians apart from a few Asians, Europeans and white South Africans. 

The earliest report of OSF occurring in non-Indians was from Su (1953) in Taiwan 

who found three cases without a history of betel quid chewing and described the 

condition as “idiopathic scleroderma”. Similar reports were published by Rao 

(1962) who found several Europeans living in Hydrabad India, Lemmer and 

Shear (1967) a white South African, and George et al. (1981) a Greek female, 

and all had typical features of OSF. Simpson (1969) reported a case of OSF in an 

English woman in Manchester married to a Pakistani man, who ate a standard 

Indian diet and presented with severe trismus due to marked fibrous bands in the 

cheeks and circumorally. Shiau and Kwan (1979) in Taiwan reported 35 cases of 

OSF in the tongue a lower income group between 1971 and 1976, of whom 34 

were male and 8 developed carcinoma. This discarded the relationship of 

tobacco, alcohol and hot spicy food in the development of the condition.

Some other large studies also have reported OSF, Pakistan (Maher et al. 1994), 

China (Pindborg et al. 1984b), South Africa (Seedat and van Wyk 1988), Papua- 

New Guinea (Paissat 1981), Sri Lanka (Warnakulasuriya 1987), Myanmar 

(former Burma) (Lay et al. 1982), the United Kingdom (Canniff and Harvey 1981), 

and Canada (Hardie 1987).
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The available epidemiological data have shown that there is no relationship to 

any specific community or religious group but an ethnic basis has been indicated 

because OSF is found mostly in Indians or Indians settled in other countries. The 

influence of environmental and genetic factors on OSF was indicated by Canniff 

et al. (1986). Rajendran (1994) mentioned in his comprehensive review that the 

prevalence of OSF, by sex, varies widely in the different published studies where 

females predominate the males. In some studies 100% OSF patients were 

female with an age range between 10 and 89 years.

1.4 Aetiology

According to Sirsat and Khanolkar (1962) oral submucous fibrosis (OSF) was first 

described by Schwartz (1952) and then formally introduced into the medical 

literature by Joshi (1953) and Lai (1953). Since then it has been considered as a 

primary chronic disease of unknown aetiology with an insidious onset affecting 

any part of the oral cavity. In the recent medical literature many ideas have been 

proposed for the aetiology of this condition, most of which are derived from the 

existing clinical and epidemiological data. The following factors have been 

considered to be mostly related to the aetiology of the condition.

1.4.1 Local factors
The pathogenesis of OSF was first linked with continuous and prolonged action 

of mild irritants on the oral mucosa such as capsaicin, the active irritant in 

chillies (Sirsat and Khanolkar 1960). They hypothesised that OSF is found 

mostly among Indians and other population groups who use chillies {Capsicum 

annum and Capsicum frutescence) to spice their food and that most OSF 

patients were unable to tolerate spicy food containing chillies which form a part 

of their normal diet before they developed the disease. The histologic 

observations of 85 palatal biopsies from OSF supported their hypothesis of 

epithelial hyperplasia, presence of chronic inflammatory cell infiltrates and 

dense fibrogenesis with elastotic degeneration of collagen. These changes 

were thought to be a simultaneous defence and repair mechanism similar to the 

chronic productive response in inflammation. The authors also conducted 

animal experiments using capsaicin in the palate of Wistar rats, which 

supported their histological observations of human OSF of the palate. They also
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mentioned that the response was more widespread and extensive in protein 

depleted or vitamin B-complex deficient animals. However, the authors 

concluded that although the gross and microscopic changes of collagen in their 

animal studies were comparable to human OSF of the palate, it did not

necessarily implicate chilli as the sole causative agent, especially as the

alterations seen were non-specific and indicated only a reaction to irritant. 

Hamner et al. (1974) also failed in an animal experiment to produce histological 

changes similar to OSF using chillies in hamster cheek pouch. Pindborg et al 

(1965), Sirsat and Pindborg (1967b), and Pindborg (1972) also suggested that

certain other features, like sub-epithelial changes and sub-epithelial vesicle

formation, of OSF might be due to an allergic reaction to these irritants of 

chillies. Some other epidemiological studies have discarded the role of chillies in 

the aetiology of OSF (Wahi et al. 1966, Shiau and Kwan 1979, Seedat and van 

Wyk 1988).

Pindborg et al. (1964) after Orr (1933) mentioned that chewing betel quid (areca 

nut, betel leaf, slaked lime and tobacco) or the areca/tobacco quid might be the 

cause of OSF with the assumption that this habit is a custom among Indians, 

but they discarded this hypothesis because of the vast numbers indulging in this 

habit who do not suffer from this condition. They also believed that many 

afflicted with the condition had never used betel quid. Supporting the role of 

chewing betel quid or areca/tobacco quid in the aetiology of OSF, Gupta et al. 

(1980b) mentioned, after observational studies of four groups of study 

population- betel quid chewers, tobacco smokers, tobacco smokers and betel 

quid chewers and nonusers of areca nut and tobacco, of both sexes and having 

similar Indian food habits, that all cases of OSF observed were only in those 

who chewed betel quid. Some other epidemiological studies also have 

supported the aetiologic role of betel quid or areca/tobacco quid (Lai 1953, 

George 1958, Dockrat and Shear 1990).

Sirsat and Khanolkar (1962) mentioned in their animal experimental study that 

tobacco chewing was not the causative agent, but the composite nature of betel 

quid (areca nut, betel leaf, slaked lime and tobacco) might play an important 

role in the pathogenesis of OSF. They also mentioned that various forms of
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tobacco-induced lesions in the oral mucosa might differ in morphology, 

reversibility and malignant potential (on discontinuation of the habit). They also 

suggested that the complex constituents diffusing from tobacco mixtures 

whether smoked or chewed either alone or combined with betel quid could have 

mutagenic and carcinogenic effects.

The possible involvement of areca nut alone or as constituent of betel quid was 

amplified by Sinor et al. (1990) that the effect of frequency and duration of 

chewing is multiplicative. Other epidemiological studies also have shown that the 

habit of betel quid chewing is higher among OSF patients (Bhonsle et al 1979, 

Murti et al. 1985). Maher et al. (1995) in a case control study of 92 OSF patients 

in Karachi found fibrosis in the oesophagus and they suggest that this 

involvement may be due to swallowing of areca nut and betel quid juices, and 

OSF is clearly an anatomically widespread disease process.

Harvey et al. (1986) who showed collagen synthesis promoted by whole nuts 

extracts and the pure arecoline and arecaidine alkaloids described the first in 

vitro evidence of arecoline complexity. The same Eastman group showed 

stabilisation of collagen by areca nut polyphenols; tannins and flavanoids (Scutt 

et al. 1987a). Based on experimental evidence of Ma et al. (1995) that the up- 

regulation of the enzyme, lysyl oxidase in OSF fibroblasts is dependent on 

copper concentration locally and may lead to excessive cross-linking and 

accumulation of collagen, Trivedy et al. (1997) suggested that copper released 

from areca products while chewing betel quid may up-regulate collagen 

synthesis, facilitate its cross linking and, thereby, inhibit its degradation. The 

latter authors also mentioned that concentration of soluble copper in whole 

mouth saliva of three Asian healthy volunteers were significantly higher than the 

stimulated saliva collected without areca nut chewing, but they have not shown 

the effect of copper on oral mucosal tissues. However, Meghji et al. (1997) 

suggested that these claims seem ill founded on epidemiological and biochemical 

grounds.
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1.4.2 Systemic biological factors
1.4.2.1 Blood chemistry and haematological variations
Paterson (1919) and Kelly (1919) independently described the symptom complex 

of chronic dysphagia and atrophy of the mucosa of the upper gastrointestinal 

tract in middle-aged women associated with chronic anaemia. Later, they 

introduced the term sideropenic dysphagia to describe this disease complex 

which is known as Paterson-Kelly syndrome or Plummer-Vinson syndrome. 

Ramanathan (1981) suggested that OSF may be considered the Asian version of 

the Plummer-Vinson syndrome. He stated that OSF is a manifestation of an 

altered oral mucosa following a prolonged period of chronic deficiency of iron 

and/or vitamin B complex especially folate and this condition may develop more 

easily by a hypersensitivity reaction to either chillies or the betel, tobacco quid 

and other spices and condiments occasionally used in quids. However there is no 

explanation for the fibrotic reaction, especially as this condition may be found in 

other cultures.

Rajendran et al. (1989) in accordance with the view of Ramanathan (1981) 

suggested that in a host already primed by an intrinsic genetic defect along with a 

juxta-epithelial inflammatory reaction caused by local irritants, initiating factors 

may lead to a defective inflammatory reparative response, culminating in fibrotic 

changes in the connective tissue. They again hypothesised that a combination of 

cooking methods, alcoholism, a deficiency of iron, vitamin B complex along with 

chronic irritation from chillies in the diet and/or betel quid or tobacco quid chewing 

may lead to this increased susceptibility to OSF.

Other significant haematological abnormalities also have been reported in OSF, 

including an increased erythrocyte sedimentation rate (ESR), anaemia and 

eosinophilia, increased gamma globulin, a decrease in serum iron and an 

increase in total iron-binding capacity (Pindborg and Sirsat 1966). Decreased 

percentage saturation of transferrin and a significant reduction in total serum iron 

and albumin was found in OSF (Rajendran et al. 1990b). A rise in serum 

mucoproteins, mucopolysaccharides and anti-streptolysin ‘O’ titre has also been 

reported in OSF (Mukerjee and Biswas 1972). Interestingly a significant reduction 

in the serum copper and zinc ratio in malignant and premalignant oral lesions has
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also been reported by Varghese et al. (1987). Although these haematological 

abnormalities are found in OSF patients, it is not yet clear whether the alterations 

are secondary to OSF or primarily the cause of OSF. Deficiencies in the 

nutritional factors such as folate, pyridoxine and vitamin B12 have been implicated 

in the pathogenesis and their correction may reverse the condition (Ibrahim et al. 

1977, Maher et al. 1997). Both were uncontrolled trials with ill-defined criteria.

1.4.2.2 Cytochemical markers
In recent years there has been much interest in cell surface carbohydrates. 

Hakomori (1981) showed marked changes in cell surface carbohydrates during 

differentiation and maturation of the cells during malignant transformation. 

Another study (Dabelsteen 1982) has demonstrated A, B, H and related blood 

group system antigens in the epithelial cells of the oral mucosa, salivary glands 

and in salivary secretions. A change in the distribution of blood group-related 

antigens has also been described in malignant and potentially malignant 

epithelial lesions (Vigneswaran et al. 1990). Lectins are proteins or glycoproteins 

of plant origin, has a role to agglutinate cells by binding specific carbohydrate 

molecules on cell surfaces. Rajendran et al. (1990a) have suggested that 

alterations in the presence of Lectins on the cell surface might have some role in 

the pathogenesis of OSF. They also postulate that Lectins might play an 

important role in the transformation of OSF epithelial dysplasia.

1.4.2.3 Autoantibody and genetic susceptibility
Phatak and Gosavi (1975) first considered OSF as an autoimmune disease but 

there was no experimental evidence for the hypothesis. Griffing et al. (1980) 

mentioned that many autoimmune diseases might have a genetic linkage for the 

abnormalities and the immune response genes may be linked to the HLA-DR 

locus of the major histocompatibility complex (MHO). Gibofsky et al. (1978) and 

Reinertesin et al. (1978) also mentioned that DR antigens may be associated 

with a susceptibility to diseases with an autoimmune aspect in their 

pathogenesis, because the immune response genes are situated at or near the 

D locus on chromosome 6 . The latter authors also mentioned that many of the 

connective tissue disorders like rheumatoid arthritis, systemic sclerosis and 

systemic lupus erythematosus have associations with HLA-DR antigens. Later,
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Canniff et al. (1985), in an elegant study of 50 unrelated patients of Indian origin 

with OSF, showed increased frequencies of the HLA antigens AID , B7 and 

DR3 and several haplotypes of the antigens A10/DR3, B8/DR3, A10/B8. It is 

also important to mention that Mittal et al. (1982) showed the HLA antigens 

A10, B8 and DR3 occur in positive linkage disequilibrium in the Indian 

population. These increased frequencies of certain HLA antigens suggest a 

MHC-mediated immunological derangement operating in this disease. A similar 

finding, increased frequency of HLA-DR3 and the haplotype pair B8/DR3, was 

also observed in scleroderma, a disease superficially resembling OSF in that 

the epithelial atrophy and fibrosis in the submucosa is associated with chronic 

inflammatory infiltrates (Kallenberg et al. 1981, Whiteside et al. 1983).

Seedat and van Wyk (1988) supported the hypothesis of genetic predisposition 

of Canniff et al. (1985) on the basis of their clinical findings in six patients who 

claimed that did not chew betel quid, but had all the classic features of OSF. 

However, van Wyk et al. (1994b) failed to demonstrate specific pattern of HLA- 

antigen frequencies in betel quid chewers with or without the disease and found 

no difference between the study population and the controls, and concluded 

that there might not be an HLA associated susceptibility in OSF. However, the 

published data do suggest a disease profile, (Welsh and Bunce, personal 

communication).

The clinical and experimental evidence and the high incidence of anti-nuclear 

antibodies together with autoantibodies to gastric parietal cells, thyroid 

microsomes, reticulin and smooth muscle cells, also support an autoimmune 

aetiology in OSF (Seedat 1985, Canniff et al. 1986, Rajendran 1994). Familial 

occurrence of OSF was also reported by Sinor et al. (1990) in India with the 

evidence of OSF in seven individual siblings from three families. Pillai et al.

(1992) hypothesised that the well-documented findings of clinical, immunologic, 

and histologic abnormalities in OSF, resembled reports in other connective 

tissue disorders such as rheumatoid arthritis, progressive systemic sclerosis, 

systemic lupus erythematosus and polymyositis, suggesting an autoimmune 

linkage for the disease.
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1.4.2.4 Cytogenetics
Ghosh and Ghosh (1984) found chromosomal instability associated with the 

neoplastic process. They mentioned that quantitative assay of sister chromatid 

exchange (SCE) provides an easy, rapid and sensitive method for studying 

chromosome/DNA instability and its subsequent processes. After investigating 

the levels of SCE in the peripheral blood of patients with OSF and correlating 

them with the habit of different forms of tobacco/betel quid chewing the above 

authors found the levels of SCE significantly higher in OSF patients than in the 

normal control subjects, and have mentioned that the increase in frequencies of 

SCEs observed in patients with OSF may be attributed to the genotoxic effect of 

the constituents of betel quid.

1.4.2.5 Cytokines and growth factors
As there is no published work on cytokines and growth factors in the aetiology of 

OSF, studies on other fibrotic diseases, like scleroderma, keloid scarring and 

hypertrophic scar, similar to OSF are discussed here. Kovacs (1991) stated that a 

variety of diseases which are characterised by fibrosis share common features 

including the proliferation of fibroblasts and the deposition of extra-cellular 

matrices. The author also mentioned that the fibrosis often begins as an 

inflammatory reaction with leukocyte infiltration followed by the elaboration of 

cytokines and growth factors and aberrant production of the mediators may 

sustain the connective tissue accumulation resulting in irreversible alteration in 

tissue architecture and function. The mediators involved in this mechanism are 

platelet derived growth factor (PDGF), transforming growth factor beta (TGF-p), 

fibroblast growth factors (FGFs), interleukins (ILs) and tumour necrosis factor 

alpha (TNF-a). Johnson and Ohtsuki (1979) also mentioned that cytokines 

produced by mononuclear cells can influence the activity of fibroblasts.

A study by McCauley et al. (1992) showed an alteration in cytokine production by 

the peripheral blood mononuclear cells (PBMC) in patients with keloid scarring 

and that the production of IFN-a, IFN-y and TNF-R were markedly depressed in 

these patients compared to normal subjects, whereas IL-6 , TNF-a and IFN-R 

levels were increased. Kahan et al. (1989a) and Larrabee et al. (1990) have 

shown that IFN-y plays an antifibrotic role in tissue generation in systemic
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sclerosis and keloid and hypertrophic scars. In our own laboratory Nazir et al.

(1993) showed in an in vitro study that the increased collagen synthesis by 

arecoline-stimulated OSF fibroblasts may be dose-dependently inhibited by IFN-y 

(10-1000 U/ml). If these altered levels of regulatory cytokines play a significant 

role in the net increase in collagen synthesis in systemic sclerosis, keloid and 

hypertrophic scarring, a similar mechanism may be relevant to OSF.

1.5 Pathogenesis

The epithelium depends on the underlying connective tissue for its nutritive 

supply. With changes such as inflammation in the connective tissue, the epithelial 

cells seem to respond in a characteristic manner, i.e. hyperplasia followed by 

atrophy (Mukerjee and Biswas 1972, Ten Cate 1980). The pathogenic 

mechanism in OSF generally starts in the connective tissue, the epithelium 

responding secondarily (Pindborg et al. 1984a, Rajendran et al. 1989). A 

persistent juxta-epithelial-inflammatory response is characteristically seen in 

OSF. The hyperplastic epithelial response, noticed during the early and 

moderately advanced stage of OSF, may be a reaction to this. An alternative 

explanation for the epithelial hyperplasia is an adaptive response to local irritants 

to provide a greater degree of protection to the underlying tissues (Sirsat and 

Khanolkar (1960). However, a hyperplastic oral epithelium resulting from mild 

mechanical abrasion or chemical treatment may increase the permeability to 

water (Brandtzaeg and Tolo 1977, Squier and Hall 1985). This reduced barrier 

function of the hyperplastic epithelium may be related to an increased widening of 

the intercellular spaces, thus permitting the entrance of foreign antigens and 

increasing the turnover rate of this tissue.

Serum-derived antibodies also produce an increase in mucosal permeability 

(Brandtzaeg and Tolo 1977). Although serum derived IgG retards the penetration 

of its corresponding antigen, it nevertheless can cause impairment of the 

mucosal barrier through immune complex formation or an increased absorption of 

antigen into epithelial cells. Ultrastructural studies of small intestinal mucosa have 

indicated increased antigen absorption into epithelial cells after parenteral 

immunisation. Thus, although the epithelial response in OSF may be secondary 

to progressive changes in the connective tissue, there are probably also changes



Chapter 1. Introduction_____________________________________________ ^

in the epithelium per se. The hyperplastic epithelial response and later atrophy 

probably reduces the barrier function of the mucosa to local irritants. Circulating 

immune complexes and serum antibodies in OSF probably help to accentuate 

the already existing pathological change in the oral mucosa (Rajendran et al. 

1986, Remani et al. 1988).

1.6 Pre-cancerous potential of OSF

The relationship of oral cancer and betel quid chewing was first reported early in 

this century by Orr (1933), who reported after a survey in the Travancore district 

that oral cancer was one of the most common and prevalent diseases in the 

south-west of India and Sri Lanka. He mentioned specifically that the disease 

was seen predominantly in that part of the population who chewed betel quid 

(areca nut, betel leaf, slaked lime and tobacco). Subsequently Paymaster (1956), 

who described the development of a slow growing squamous cell carcinoma in 

one-third of the cases of OSF in the Tata Memorial Hospital, Bombay mentioned 

the possible pre-cancerous nature of OSF.

This pre-cancerous potential of OSF was also emphasised by Gupta et al. 

(1980b), Pindborg (1980), Pindborg et al. (1984a), Murti et al. (1985), Chen and 

Lin (1986), Rajendran et al. (1989), Sinor et al. (1990), based on clinical and 

epidemiological grounds. The available reports show that the frequency of 

malignant change in the patients with OSF ranges from 3% to 6 % in India (Gupta 

et al. 1980b, Pindborg et al. 1984a, Rajendran et al. 1989, Sinor et al. 1990). In a 

ten-year follow-up study in Ernakulam district, Kerala, Gupta et al. (1980b) 

reported malignant transformation in 2.3% of OSF patients. Utilising this material 

and additional material from the same area with a fifteen-year follow-up Pindborg 

et al. (1984a) demonstrated a malignant transformation rate of 4.5%. They also 

found that lower labial mucosa, buccal mucosa, lateral and dorsal surface of the 

tongue and palate were the common locations, and in some cases more than 

one of the above sites could be involved. From the same area and patient group, 

66  patients with OSF were followed up for a period of 17 years by Murti et al. 

(1985), who recorded a malignant transformation rate of 7.6%. They mentioned 

that with a longer follow-up of the same group, the malignant transformation rates



Chapter 1. Introduction_____________________________________________ 42

could increase higher. However, the underlying nature of these changes is 

beyond the scope of this thesis.

1.7 Management

The management of OSF over the past decades has been varied and largely 

unsuccessful, and the results if any, have been palliative. Elimination or even 

reduction of the habit of betel quid chewing has been advocated as an important 

preventive measure. At least in the early stages of OSF, it may slow the 

progression of the disease (Canniff et al. 1986, Rajendran 1994). The current 

treatment strategies, which have been used to improve the treatment regimes for 

OSF, are discussed below. Unfortunately none has been shown to be effective 

under controlled conditions.

1.7.1 Nutritional support
Supplementary diets for high protein and calories, vitamin B complex and other 

vitamins and minerals have been supported by many authors (Krishnapa 1965). 

These are commonly employed in combination with other putative therapeutic 

agents like ingestion of iodinated salt and/or local applications of steroids and 

placental extracts (Rajendran 1994). Martin and Koop (1942) considered vitamin- 

812 deficiency to be important in the aetiology of degenerative changes in oral 

mucosa before malignant transformation. Sirsat and Khanolkar (1960) reported 

that the reaction caused by capsaicin in the connective tissue was enhanced by 

vitamin-Bi2 deficiency. Thus, administration of vitamin B complex was supported 

by both of them to relieve glossitis, inflammation of the tongue, cheilosis, burning 

sensation and mouth opening in OSF patients (Maher et al. 1997).

1.7.2 Immunomodulatory drugs
Local and systemic application of glucocorticoids and placental extracts are 

commonly used in India. The users in India speculate that the cytokines released 

by the sensitised T lymphocytes following the antigenic effect of placental extracts 

and glucocorticoids act as immunosuppressive agents (Gupta and Sharma 1988). 

These are also thought to prevent or suppress inflammatory reactions, thereby 

preventing fibrosis by decreasing fibroblast proliferation and collagen deposition 

(Rajendran 1994).
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1.7.3 Physiotherapy
Physiotherapeutic measures such as forceful mouth opening and heat therapy 

have been tried. The former has been almost discarded owing to the poor results 

and the fact that it may accentuate the fibrosis. Heat has been commonly used 

and the results have been described as satisfactory (Gupta and Sharma 1988). It 

can be in the form of hot rinses, lukewarm water, or selective deep heating 

therapies like short wave and microwave diathermy. The latter avoids the 

inadvertent heating of the superficial tissues like skin and adipose tissue. 

Microwave diathermy is said to be superior to short wave, because selective 

heating of the juxta-epithelial connective tissue is possible, thereby limiting the 

area treated (Gupta et al. 1980a, Kakar 1985).

1.7.4 Local drugs
Kakar (1985) investigated the effects of local infiltration of hyalase in the 

treatment of OSF with or without dexamethasone and placentral extracts. In the 

study he divided the patients in four different groups using i) hyaluronidase alone 

ii) in combination with corticosteroids iii) with placental extract and iv) a control 

group with corticosteroid only. The treatment regimen was continued for ten 

weeks. The results of this study showed that the steroids brought about a distinct 

decrease in the burning sensation and the incidence of painful ulceration. The 

other three groups did not show any improvement after the treatment. The author 

failed to show any histological change in the connective tissue and in the 

improvement of mouth opening even after the treatment with corticosteroids, 

which indicates that the treatment regimens are ineffective or just palliative.

!n vitro, collagen from patients with OSF, in contrast to normal collagen, showed 

to be attacked rapidly by hyaluronidase (Chen and Lin 1986). Gupta and Sharma 

(1988) mentioned that hyaluronidase lowers the viscosity of the intercellular 

cement substances by breaking down hyaluronic acid and also decreasing the 

collagen formation. They also mentioned that the effects of steroids and 

hyaluronidase are thought to be responsible for the satisfactory results obtained 

in OSF patients who have severe limitation in mouth opening. They further 

recommended that chymotrypsin, an endopeptidase, hydrolyses the ester and 

peptide bonds, thus acting as a proteolytic and anti-inflammatory agent.
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1.7.5 Combined therapy
As mentioned above significantly better results have been claimed by giving 

local injections of chymotrypsin, hyaluronidase and dexamethasone together 

than with one drug alone or a combination of dexamethasone with either 

chymotrypsin or hyaluronidase (Gupta and Sharma 1988). Sharma et al. (1987) 

observed that the OSF symptoms included local ischaemic effects secondary to 

local fibrous conditions, hyperkeratosis, and loss of suppleness. Therefore, they 

supported combined therapy with nylidrin hydrochloride (a peripheral 

vasodilator), vitamins D, E and B complex, iodine, placental extract, local and 

systemic corticosteroids, and physiotherapy and claimed a success rate of 62% 

in a clinical trial. However, another study by Borle and Borle (1991) in a group of 

326 OSF patients with two different treatment regimens, one with conventional 

submucosal injections of steroids and hyaluronidase, and the other with topical 

application of vitamin A, steroid and oral ingestion of iron, reported that neither 

of the treatments were significantly better to improve the mouth condition, and 

was purely palliative.

1.7.6 Surgical management
Krishnapa (1965) attempted to bring relief to patients by using mouth-gags to 

open the mouth while the patient was anaesthetised. They achieved only a little 

improvement, which was not substantial enough to give the patient any great 

relief from the debilitating fibrosis. Rajendran (1994) suggested for the 

extraction of teeth, if needed before commencement of any treatment in the 

management of OSF, might be helpful to relief undue affects on the already 

inflamed and atrophied mucosa. Removal of partially erupted third molars and 

all other inflamed teeth may result in considerable improvement in mouth 

opening in OSF patients (Canniff et al. 1986). Surgical measures such as 

forcing the mouth open and cutting the fibrotic bands under anaesthesia have 

resulted in more fibrosis and disability (Harris and Hopper unpublished 

observations). Submucosal resection of fibrotic bands and replacement with a 

partial-thickness skin or mucosal graft have also been attempted; modification 

of this surgical procedure by carrying out a bilateral temporalis myotomy seems 

more promising but unreliable. A new treatment regimen composed of surgical 

excision of the fibrotic bands with submucosal placement of fresh human
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placental grafts, followed by local injections of dexamethasone was 

recommended for advanced cases. The rationale for using placental grafts in 

OSF is that they have both a hormonal and a mechanical effect; the biogenic 

stimulant effect is because the placenta is a homograft, i.e. immunologically 

competent and rich in steroids, proteins, chorionic gonadotrophins, oestrogen 

and progesterone. The grafts are easily mouldable and undergo total absorption 

after prolonged periods, thus mechanically preventing fibrosis (Gupta and 

Sharma 1988).
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1.8 Aims of this thesis

1.8.1 Case finding and clinical description of OSF
To detect the occurrence of OSF in selected Bangladeshi betel quid chewers, by 

uncontrolled observational studies conducted in the out-patients department of 

Dhaka Dental College and Hospital (DDCH), University of Dhaka and in mobile 

health care centres in rural areas in Bangladesh organised by Lions’ 

International, Bangladesh and in general medical practitioners’ (GMP) surgeries 

in London, UK.

1.8.2 Genetics and HLA-typing
To investigate the association of antigens of the major histocompatibility complex 

(MHC) to the pathogenesis of OSF by HLA typing using DMA probes with a PCR 

technique.

1.8.3 Peripheral blood mononuclear cell (PBMC) cytokine assay
To investigate the levels of pro-inflammatory and anti-fibrotic cytokines 

synthesised both by unstimulated and stimulated peripheral blood mononuclear 

cells from patients with OSF and compare them with that of their blood-relatives, 

and age- and gender-matched ethnic and Caucasian healthy control subjects by 

using commercially available ELISA kits.

1.8.4 Study of IFN^ on OSF fibroblasts in vitro

To investigate the effects of IFN-y on collagen synthesis by OSF fibroblasts with 

or without variable doses of IFN-y and compare the results with the amount of 

collagen produced by fibroblasts activated by the betel nut alkaloid arecoline.

1.8.5 Clinical trial with intra-lesional rhlFN^

To assess the outcome of rhIFN-y (Immukin) after intra-lesional injection in the 

buccal mucosa of OSF patients twice a week over 8 weeks by assessing the 

improvement of their mouth opening (inter-incisal distance) and other oral 

symptoms like blanching of oral mucosa, burning sensation and taste sensation in 

an uncontrolled clinical trial.
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1.8.6 Histology and immunohistochemistry
1.8.6.1 Histology
To determine the state of the disease, the degree of epithelial atrophy, 

kératinisation, fibrosis and inflammatory cell infiltration in lesional tissue before 

and after completion of treatment with rhlFN-y in sections stained with 

Haematoxylin and eosin.

1.8.6.2 Immunohistochemistry
To determine the nature of the inflammatory cell infiltrate, levels of inflammatory 

and anti-fibrotic cytokines and growth factors in the lesional tissues and compare 

them with that of normal, non-chewer, healthy control subjects and the post

treatment specimens by using a three-stage immunoperoxidase technique.
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Chapter 2
Case finding and clinical description of OSF

2.1 Introduction

As stated oral submucous fibrosis (OSF) is a common problem among the 

chewers of areca nut in its various forms. Chewing various quids in different 

forms has been an important custom among a substantial proportion of the 

world’s population for centuries. This chapter aims to provide some background 

information on the practice of different forms of quid chewing in Asian 

populations and a survey on different forms of quid chewing in a selected 

Bangladeshi population living in their home country and in the UK. This study 

also will examine the prevalence of OSF among these chewers.

2.1.1 Background
Betel quid chewing has a long traditional history, among a vast population, 

differing widely in race, language and religion. It is found in Bangladeshis and in 

many other countries in the Indian subcontinent, in Southeast Asia- Indonesia, the 

Philippines, Taiwan, Papua New Guinea, parts of Micronesia and Melanesia. It is 

also imported to other parts of the world, such as Fiji and South Africa, and Iran 

and Arabia. An approximate estimate by Burton-Bradley and Burton-Bradley 

(1979) is that about 200 million people worldwide practice this habit of chewing. 

Although there is a variation of the ingredients in the betel quid (pan) between 

nations and also among communities and individuals, the basic components are 

nut of areca catechu, leaf of piper betel vine and slaked lime. The other common 

components of the quid are tobacco either in raw or in modified form with 

colouring and flavouring agents named as "Zarda" (Nagabhushan et al. 1986). It 

was estimated that about 40 million people in the Indian sub-continent chew betel 

quid with tobacco (Mehta et al. 1969, Mehta et al. 1972, Murti et al. 1985, and 

Gupta et al. 1989). A similar type of chewing habit has also been reported by van 

Wyk (1994b) who states that about one million people of Indian origin have the 

habit of betel quid chewing in South Africa.

The association between OSF and betel quid chewing has also been investigated 

in many countries of south and south-east Asia through cross-sectional surveys.
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prospective and retrospective analyses and case control studies. Most of the 

studies were carried out in India and were concerned with reports that oral cancer 

is much more frequent among the chewers and smokers. Mehta et al. (1969), 

from their epidemiological house-to-house survey among 50,915 villagers in India, 

reported 26 cases of oral cancer among the betel quid chewers and/or smokers. 

Another survey in Gujarat, India conducted by Malaowalla et al. (1976) reported 

29 cases of oral cancer among the 37,518 industrial workers who had the similar 

kind of chewing and smoking habit as in the previous study. Although neither of 

the studies described clearly about the chewing habits or the constituents in the 

betel quid, they concluded that the use of betel quid combined with smoking 

increases the risk of developing oral cancer.

Two separate reports from Taiwan mentioned that 53.4% of 103 oral cancer 

patients were betel quid chewers and nearly 80% of all oral cancer deaths were 

related to this habit in northern Taiwan (Kwan 1976). Whereas, 86.2% of 167 oral 

cancer patients practised the same habit in southern Taiwan (Chen 1987). Gupta 

et al. (1980b) confirmed from a 10-year follow-up study in India that oral cancer 

has a definite relationship with chewing betel nut with or without the habit of 

smoking. Furthermore, betel quid chewing has been shown to be statistically 

significantly associated with oral cancer in Taiwan (Ko et al. 1995). Prevalence of 

OSF is shown in Table 1.1.

2.1.2 Areca nut and other ingredients
The betel leaf contains oils such as eugenol, which gives the chewer an aromatic 

odour and strong spicy taste (Weatherby and Hang 1958). This also acts as an 

antiseptic, a carminative and a mouth freshener (Burkhill 1935). Areca nut 

contains a number of alkaloids, such as arecoline, arecaine, guvacine, arecolidine, 

guvacoline, isoguvacine and choline (Henry 1949) as well as tannins, glycerides 

of lauric, oleic and myristic acids, and sugars (Burkhill 1935).

Areca nut is not chewed raw, it is either boiled with or without spices or flavouring 

agents, roasted or dried in the sun. In some cases the dried nuts are soaked in 

water overnight and then cut into pieces for chewing. Each of these processes 

may alter the alkaloid contents. The arecoline in the nut acts as a sialogogue and
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diaphoretic in small quantities, but depresses the central nervous system at higher 

doses (Riker 1958). Areca nut tastes acidic and feels like an astringent; and the 

addition of slaked lime neutralises the acid and forms a red dye, thus causing the 

typical red staining seen in the mouths of betel quid chewers (Burkhill 1935). It is 

important to understand that the betel quid is different from quids of other forms 

e.g. the term ‘areca quid’ refers to a combination of areca nut, betel leaf and 

slaked lime. When tobacco is added to areca quid then the correct term is ‘betel 

quid’.

The chewing of tobacco varies in presentation from person to person and country 

to country. A mixture of tobacco leaf powder and slaked lime, called khaini is very 

popularly used either with the betel quid or is placed in the lower labial sulcus in 

the western and central states of India (Kanolker and Suryabai 1945, Bhonsle et 

al. 1979). In northern India, another form of tobacco, known as mishh is used. 

Mishri consists of roasted, half-burnt tobacco leaf, and is primarily used for 

cleaning the teeth. People also keep quids in the mouth for all day long, as it is 

habit forming. This habit is predominantly found among women (Mehta et al. 

1972). Zarda, a modified form of tobacco leaf, is used by a vast number of 

chewers, which is prepared from the broken up and boiled tobacco in water with 

lime and spices. Once dried, it is coloured with vegetable dyes, mixed with finely 

chopped areca nuts and then chewed. This habit is very common all over the 

Indian sub-continent and Arabia (Sinha 1984). Kiwam, another form of tobacco 

leaf used in certain parts of India, is produced from tobacco leaves to which spices 

such as cardamon, saffron, aniseed and additives such as musk are added. The 

mixture is then macerated, and the resulting pulp filtered; the filtrate is then dried 

to a paste. Gudakhu, a paste of tobacco powder, molasses and other ingredients, 

is also used in the central and eastern states of India (Mehta et al. 1971). In 

Taiwan the nut is normally chewed on its own, but most of the chewers practice 

this habit in combination of areca nut, betel leaf, catechu, slaked lime and tobacco 

(Betel quid) (Awang 1988, Ko et al. 1992, Chiu et al. 1997). In Papua New Guinea 

the nut is chewed first, slaked lime is then applied repeatedly to the buccal 

mucosa and the inflorescence of the betel vine is chewed.
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In India, catechu derived from areca pods and poor quality areca, is a red- 

brown paste, which may also be spread on the betel leaf. This contains high 

concentration of tannins and gives astringency to the mixture of betel quid. In 

Malaysia gambira similar substance is used in the quid. Tobacco may also be 

added to the quid, either raw, sun dried or roasted, strong or mild in flavour. In 

addition, roasted tobacco leaves are sometimes finely chopped, powdered and 

scented for use in the quid (Brownrigg 1991). A large variety of other additives 

may be incorporated. These include cardamon pods, cinnamon, cloves to fasten 

the quid, and melon and cucumber seeds to give it a nutty texture. Alternatively, 

menthol, camphor, tiny sugar balls, rose water, aniseed, mint essences or syrup 

may be used, as well as a wide range of spices (fennel, turmeric, saffron, cumin, 

coriander, nutmeg and ginger). Some of these ingredients they use for their social 

status as well as for a flavour of the chew.

2.1.3 Areca nut, betel quid, and tobacco as risk marker
Previous studies have shown that areca nut alone or in combination with tobacco 

or tobacco alone are the risk markers for OSF ( Wahi et al. 1966, Sinor et al.

1990). The latter author found the relative risk of this condition among the areca 

nut chewers 43.8 (p<0.01). Shiau and Kwan (1979) also observed a high 

correlation between this condition and chewing of areca nut. Sinor et al. (1990) 

mentioned in their study a relative risk of 109.6 for all forms of areca nut chewing,

106.4 for chewing mawa and 780.0 for the combined use of mawa and betel quid 

(areca nut, betel leaf, slaked lime and tobacco). They also mentioned that relative 

risk increases with the duration as well as the frequency of the areca nut chewing 

habit. In a recent case control study Maher et al. (1994) mentioned that the 

relative risk of OSF is 94 after chewing areca nut compared to not-chewing of 

areca nut. They also mentioned that areca nut alone has the higher relative risk 

of 154 compared to betel quid with 64 (areca nut, betel leaf, slaked lime and 

tobacco) and betel quid without tobacco 32. They further mentioned that 

frequency of chewing areca nut is more important than the duration of chewing. 

Following the experimental evidence of oral carcinogenesis in hamster buccal 

pouch by betel quid extracts (Lin and Chen 1991; and Chen and Lin 1996), 

further evidence was shown by similar experiments that betel quid may be a co

carcinogen in human oral carcinogenesis (Lin et al. 1997).



Chapter 2. Case finding and clinical description of OSF__________________ ^

2.1.4 Concept of chewing quids of different forms
In India, betel quid has long been regarded as one of the eight bhogas or cardinal 

pleasures of life, along with unguents, incense, women, music, bed, food and 

flowers. A Sanskrit text claims that betel possesses thirteen qualities unlikely to be 

found in the region of heaven. It is pungent, bitter, spicy, sweet, salty and 

astringent; it expels wind, kills worms, removes phlegm, subdues bad odours, 

beautifies the mouth and induces purification and kindles passion (Brownrigg

1991). Others claim that it has ability to cleanse and strengthen the voice, tongue 

and teeth, the jaws and the sense organs, to benefit digestion and to act as a 

general safe guard against disease (Burton-Bradley and Burton-Bradley 1979).

Betel ingredients are also believed to play a part in protection against, or control 

of, evil spirits, and the results of spells, charms or the evil eye. It is also a basic 

ingredient in the traditional treatment of mental disorders. Saliva produced by 

betel chewing is thought to have particularly strong magical powers, and is 

massaged onto the heads of sick children. Some people believe that betel quid 

has medicinal effects; heated betel leaves have been applied to the chest to 

soothe asthma, to breasts to stop lactation and to the abdomen to treat colic. The 

juice of betel leaf can be used to treat earache and an infusion is applied as an 

eye lotion. The leaves also combat fungal infection and, when crushed and 

steeped in water, produce a lotion to lower fevers, soothe irritation and cure 

laryngitis (Capdevielle-Pardies et al. 1984).

It is also claimed that betel nut has astringent effects which help to cure dysentery 

and malaria. The abrasive action is useful for cleaning the teeth. Leaves also can 

be used to treat diarrhoea in children and liver disorders. The lime supplies the 

daily requirement of calcium. Betel quid chewing without tobacco is claimed to be 

a fairly harmless stimulant and addictive agent, no less respectable than alcohol 

and tobacco (Burton-Bradley 1979).

2.1.5 Chewing of quids among Bangladeshis
There is no published work on betel quid chewing and its effect on oral mucosa in 

the mainland of Bangladesh. Studies done on betel quid chewing in West 

Yorkshire, UK (Summers et al. 1994) showed that 95% of 296 women born in
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Bangladesh, aged 25 years and above, resident in inner city areas, chewed pan 

as a quid, normally prepared at home. Only 4% consumed pan masala, a 

proprietary mixture. The most popular ingredients were the leaf (100%), areca nut 

(97%) and lime (90%). Tobacco was added on its own by 60% and zarda by 27%. 

Frequency of consumption varied somewhat ranging from one to five chews daily 

in 37% to more than 26 daily in 2%.

Another study in the UK (Bedi 1994) also explored the knowledge, attitudes and 

behaviour of Bangladeshi adults who engaged in betel quid chewing. Fifty-seven 

percent reported that they chewed on a regular basis, with half having started 

below the age of sixteen years. Many thought betel quid chewing had little effect 

on their health and few perceived it as an oral cancer risk (Bedi and Uppal 1994). 

Few Bangladeshi women smoke cigarettes, while a high proportion of the men 

(nearly 80%) do (Silman et al. 1985). Summers et al. (1994) reported that 9% of 

women smoked cigarettes that was an associated factor with the length of time 

they had lived in the UK. Some women chewed betel quid and also smoked, but 

the general ethos is that it is inappropriate for women to smoke, which may 

explain their greater use of pan (betel quid).
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2.2 Aims and design of this study 

Aims:
The original aim of this study was to identify and examine Bangladeshis with oral 

submucous fibrosis in order to investigate their lesional histology, the patients’ 

HI_A and cytokine profile and also recruit those with limited mouth opening for a 

trial of novel therapy. This also enabled me to estimate the prevalence of OSF in a 

selected uncontrolled population of those living in Bangladesh and London. This 

was achieved by screening the mouths of betel quid, tobacco-quid, areca quid and 

areca nut chewers and also to make a crude assessment of the affect of quid(s) in 

the development of OSF.

Design:
The study was designed to-

1) Examine the mouths of all accessible chewers in the out-patients 

Department of Dhaka Dental College and Hospital (DDCH), Dhaka, and the 

special health care clinics in the rural areas of Bangladesh organised by 

Lion’s International, Bangladesh. In London six primary health care clinics 

(General Medical Practitioners’ Surgery) in east and south London were 

also selected for the screening of betel quid chewers’ mouth,

2) Record a full dental and habit history of the chewers in a structured 

questionnaire (Appendix 2.1) to record the effect of different forms of quids 

in the development of OSF and

3) Examine the betel quid chewers’ mouths to find out OSF patients and 

identify different types of quids used by the chewers according to the 

diagnostic criteria and types of quids mentioned in section 2 .3.2 .2 .
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2.3 Study population and methods

2.3.1 Study population
2.3.1.1 In Bangladesh
All betel quid or areca quid, tobacco quid and areca nut chewers, who attended 

the out patients clinic in DDCH, Dhaka and the special health care clinics during 

the period of January to December 1995 were examined. They attended the out 

patients clinic in DDCH and special health care clinics for their dental problems 

self-referred or referred by their general medical doctor. When their habit history 

and clinical examination revealed the chewing of betel quid then they were 

screened for this study.

2.3.1.2 In London
Screening of the mouth of all accessible betel quid chewers in the UK was done in 

six primary health care clinics (GMP surgeries) in London. The centres were- 

1) King’s Cross Surgery in west central, 2) Bethnal Green Health centre 3) 

Spitalfields Health Centre and 4) East India Dock Road Practice in east and 5) 

Falmouth Road Group Practice and 6) Borough Road Practice in south-east of 

London. The betel quid chewers were invited by displaying posters explaining the 

harmful effects of betel quid chewing at the premises of GMP surgery. Some of 

the chewers attended the mouth-screening clinic on their own and the others 

referred by their GMPs. The chewers were referred for minor dental problems or 

sometimes only for their mouth screening. Most of the chewers attended in these 

health centres are originally from Indian sub-continent predominantly from 

Bangladesh and domiciled in this country. Screening was conducted during the 

period of October 1993 to June 1994.
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2.3.2 Methods
2.3.2.1 Examination of the chewers
All the betel quid chewers both in Bangladesh and in London were examined for 

both intra- and extra-oral mouth problems along with a full dental history. Inter- 

incisal mouth opening and other mouth problems, like burning sensation, 

diminished taste sensation and blanching of the oral mucosa were recorded. 

Tooth decay and periodontal disease were not recorded in this survey. Detailed 

history of chewing betel quid or quids of any other form was recorded. The 

examination of the chewers’ mouth was carried out by Dr. Anowar Hussain, a 

member of this research team in DDCH, Dhaka, Bangladesh and by myself in 

London in a pre-formed questionnaire (Appendix 2.1) on the basis of the 

diagnostic criteria mentioned below. The calibration of the examination was done 

to maintain the uniformity of the patient examination and diagnosis of OSF in 

these two centres by frequent discussions by letter and telephone with Dr. Anowar 

Hussain in Bangladesh, maintaining the criteria mentioned in the diagnostic 

criteria for identification and diagnosis of OSF and different types of quids.

2.3.2.2 Diagnostic criteria
Several previous studies mentioned that chewing of betel quid may cause a 

number of mucosal lesions/ conditions including OSF or quid of some other 

forms (Sirsat and Khanolkar 1962, Pindborg and Sirsat 1966). For the purpose 

of this thesis, the diagnostic criteria for the recognition of OSF and classification 

of quids made in the past are discussed here. Pindborg et al. (1964), Pindborg 

(1965) and Rajendran (1994) described the presence of palpable fibrous bands 

with limited mouth opening as a clinical criterion for the diagnosis of OSF. Some 

other studies (Mehta et al. 1971, Pindborg et al. 1968) mentioned that apart 

from the presence of fibrous bands in the cheek, a range of other clinical 

symptoms are also important to characterise this condition. These are tough 

leathery mucosa and blanching of the oral mucosa.

‘Betel quid’ (areca nut, betel leaf, slaked lime, tobacco) is synonymous with 

‘pan’ and it is one the most common recipes of the habit of quid chewing in 

different parts of the world. Previous epidemiological studies mentioned that 

some of the constituents of betel quid (areca nut, tobacco) could be used alone
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by themselves or in various combinations with other ingredients without the use 

of betel leaf (Pindborg and Sirsat 1966). A recent Workshop held in Malaysia 

has published consensus guidelines and recommendations in this regard (Zain 

et al. 1997), but this study was conducted long before this Workshop and 

publication. Therefore, the diagnostic criteria for the recognition of OSF and 

classification of the quids are made on the basis of the previous clinical and 

epidemiological studies, and are mentioned below.

Oral submucous fibrosis:
At least two of the following characteristic features are included for the 

diagnosis of OSF.

a) Mouth opening <30mm inter-incisal distance. It has been clinically 

observed that the lower limit of mouth opening in a normal mouth condition 

and class I arch relationship is around 30 mm. In cases of Class II division 

II skeletal relationship the mouth opening is observed less than 30 mm 

even in a healthy mouth. So, 30 mm has been taken as a lower limit of 

normal healthy mouth opening unless accompanied by

b) Palpable fibrous bands,

c) Tough, leathery mucosal texture,

c) Blanching of the oral mucosa and

d) Diminished taste or altered oral sensation i.e. sore mouth or burning 

sensation.

Betel quid:
Classification of quids-

a) Betel quid- quid containing areca nut, betel leaf, slaked lime and tobacco 

products,

b) Areca quid- quid containing all the constituents of betel quid except 

tobacco products,

c) Tobacco quid- quid containing all the constituents of betel quid except 

areca nut and

d) Areca nut- areca nut only.



Chapter 2. Case finding and clinical description of OSF__________________ 59

2.3.2 3 Investigations
The chewers in London who complained of chewing difficulty, burning sensation 

and diminished taste and where clinical examination revealed ulcers in the tongue 

and/or in the cheek, were referred for haematology and blood chemistry (Full 

blood count, serum and red cell folate, Vitamin B12 and iron deficiency). Blood 

investigations for the chewers in Bangladesh were not done because of the 

limitation of the resources.
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2.4 Results

2.4.1 Demography of betel quid chewers
915 betel quid chewers’ mouths were screened in Bangladesh. Among them 553 

(60%) were male and 362 (40%) female with a ratio of male:female 1:0.65. The 

mean age ± SO of them was 54 ± 6.8  years and age ranged between 31 and 97 

years. There was none under the age of 20 years, one was within the age range 

of 21 and 40 years and 914 were over 40 years of age.

315 betel quid chewers’ mouths were screened at six different primary health 

care clinics in London. 123 (39%) were male and 192 (61%) were female with a 

ratio of male: female 1:1.6. The mean age ± SO was 44 ± 15.4 years. The age 

range of them was 15 to 82 years. Among 315 chewers 24 were under 20 years 

of age, 111 within the age range 21 and 40 years and 180 over 40 years. The 

demography of the chewers for this study is in a table of too long to include in the 

appendix. So the summary information and overall age and sex distribution of the 

two screening centres are shown in the Table 2.1 and Figure 2.1.

Table 2.1. Demography of betel quid chewers

Screening centres Sex distribution Age distribution (Yr.) Total
Male (%) Female (%) Mean ± SO Range <20 21-40 >40

Bangladesh 553 (60) 362 (40) 54 ±6.80 31-97 0 1 914 915
London 123 (39) 192 (61) 44 ±15.4 15-82 24 111 180 315
Overall 676 (55) 554 (45) 51 ±10.9 15-97 24 112 1094 1230
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Age and sex distribution of the chewers
Percent

age yrs.
(yr)

Age and sex groups
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<20 year, 21-40 year and >40 year of age

Figure 2.1 Demography of the betel quid chewers

2.4.2 Clinical findings

2.4.2.1 Complaints of the chewers

The results of the clinical examination of the chewers in Bangladesh revealed 

that 131 (14.3%) complained of chewing difficulty, 107 (11.6%) for burning 

sensation in the tongue and bilateral buccal mucosa, 159 (17.3%) diminished 

taste sensation and 117 (12.7%) for sore mouth. 108 (11.8%) chewers also 

complained of limited mouth opening. This was confirmed by measuring their 

inter-incisal distance.

In London 22 chewers (7.0%) complained of chewing difficulty, 20 (6.3%) of 

burning sensation, 38 (12.0%) of diminished taste and sixteen (5.0%) of sore 

mouth. Among the chewers only two (0.63%) complained of limited mouth
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opening, which was confirmed on examination. Limited mouth opening is 

discussed in section 2 .3.2.2 and provisionally diagnosed patients' details are 

shown in Appendix 2.2. The table for the complaints of the chewers is too long 

to include in the Appendix. So the summary of the complaints of the chewers 

and overall percentage distribution of the chewers in two screening centres are 

shown in Table 2.2 and Figure 2.2.

Table 2.2 Complaints of the chewers

Complaints Bangladesh (%) London (%) Overall (%)
Chewing difficulty 131 (14.3) 22 (7.0) 153 ((12.4)
Burning sensation 107 (11.6) 20 (6.3) 127 (10.3)
Diminished taste sensation 159 (17.3) 38(12.0) 197 (16.0)
Sore mouth 117(12.7) 16 (5.0) 133 (10.8)
Limited mouth opening 108 (11.8) 2 (0.63) 110(8.90)

Percent
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Complaints

Cw diffi. = Chewing difficulty, BS = Burning sensation, < Taste = diminished taste,
S Mouth = Sore mouth, L M open = Limited mouth opening,

Figure 2.2 Clinical complaints of the chewers
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2.4.2.2 Habit history of the chewers 

Chewing habit:
Nature of chewing:

The habit of chewing betel quid, or quid of any other form, has been recorded 

during the clinical examination of the chewers according to the classification of 

the quids mentioned in section 2.3.2 2 (Betel quids). The history of the chewers in 

Bangladesh revealed that 395 (43%) chewed betel quid (areca nut, betel leaf, 

slaked lime and tobacco products) and among them 224 (24%) were male and 

171 (19%) were female. The habit history also showed that 336 (36%) chewed 

areca quid (betel quid without tobacco products) and of them 242 (26%) were 

male and 94 (10%) were female. The remaining 185 (21%) chewed areca nut 

only of whom 87 (10%) were male and 98 (11%) were female. None were found 

to chew tobacco quid.

The habit history in London revealed that 171 (55%) chewed betel quid of whom 

56 (18%) were male and 115 (37%) were female. Another 83 (27%), 40 (13%) 

male and 43 (14%) female, chewed areca quid. A small group of 43 (14%), 

chewed areca nut only. Among them 19 (6 %) were male and 24 (8%) were 

female. Nobody was found to chew tobacco quid (betel quid without areca nut) 

alone. The remaining 18 (4%) who attended the screening centres on their own 

with a view to have their mouths checked denied chewing any kind of quid, 

although their mouths showed some evidences of chewing betel quid. They were 

not recorded as chewers.

The overall percentage distribution of the quid chewers shows that 566 (46%) 

chewers had the history of chewing betel quid, 419 (34%) chewing areca quid 

and 228 (19%) chewing of areca nut only. Overall percentage distribution showed 

that the remaining 17 (1%) did not chew any kind of quids. The habit history both 

for chewing and smoking is too long to include in the appendix, so the summary 

and percentage distribution of chewing and smoking habits among the chewers 

are shown in Table 2.3. Figure 2.3 shows the nature of chewing in Bangladesh 

and London.
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Table 2.3 Habit history of the quid chewers

Chewing habit
Bangladesh

(%)
London

(%)
Overall

(%)
Nature of chewing: 
Betel quid

Male
224
(24)

Female
171
(19)

Total
395
(43)

Male
56
(18)

Female
115
(37)

Total
171
(55)

Male
280
(23)

Female
285
(23)

Total
566
(46)

Areca quid 242
(26)

94
(10)

336
(36)

40
(13)

43
(14)

83
(27)

282
(23)

137
(11)

419
(34)

Tobacco quid 0 0 0 0 0 0 0 0 0

Areca nut only 87
(10)

98
(11)

185
(21)

19
(6)

24
(8)

43
(14)

106
(9)

122
(10)

228
19)

Frequency of chewing: 
<10 times / day 
11-15 times/day 
>15 times/day 
Mean ± SD (range)

722 (79) 
155 (17) 
38 (4)

8 + 4.4 (2-25)

230 (73) 
63 (20)
5 (2)

10 ±3.2 (2-25)

952 (77) 
218 (18) 
43 (3)

9 ±3.7 (2-25)
Duration of chewing: 
< 10 yr.
11-20 yr.
> 20 yr.
Mean ± SD (range)

94 (10)
600 (66)
221 (24)

17 ±13.3 (2-60)

140 (44) 
69 (22) 
89 (28) 

19 ±6.5 (1-50)

234 (19) 
669 (54) 
310 (25) 

19 ±8.7 (1-60)
Smoking habit
Frequency of smoking: 
<10 times / day 
11-15 times/day 
> 15 times/day 
Mean ± SD (range)

222 (24) 
193 (21) 
118 (13)

13 ±8.1 (2-25)

50 (16) 
20 (6)
28 (9)

14 ±4.6 (3-30)

272 (22) 
213 (17) 
146 (12) 

13 ±5.3 (2-50)
Duration of smoking: 
< 10 yr.
11-20 yr.
>20 yr.
Mean ± SD (range)

17 (2)
231 (25) 
285 (31)

25 ±11.8 (3-50)

17 (5)
28 (9)

53 (17)
23 ±6.5 (7-50)

34 (3)
259 (21) 
338 (27)

24 ±7.6 (3-50)
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Nature of chewing quids among males and females
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Figure 2.3 Nature of chewing quids by the chewers in Bangladesh and London
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Frequency of chewing

The analysis of the frequency of chewing quids among the chewers shows that 

the majority of the chewers, 722 (79%) chew <10 times a day, 155 (17%) chewed 

11-15 times a day, and 38 (4%) chew more than 15 times a day in Bangladesh. 

The overall frequency of chewing in Bangladesh is 8  ± 4.4 times per day (mean ± 

SD) with a range of 2 to 25 times/day.

In London majority of the chewers, 230 (73%) chew <10 times a day, 63 (20%) 

chew 11-15 times a day, and only five (2%) chew more than fifteen times a day. 

The average frequency in London is slightly higher than in Bangladesh with a 

frequency rate of 10 ± 3.2 times per day (mean ± SD) with a range of 2 to 25 

times per day. The frequency rate of chewing quids by the chewers is shown in 

Table 2.3 and Figure 2.4.
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Figure 2.4 Frequency of betel quid chewing
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Duration of chewing

The analyses of the duration of chewing quids shows that 94 (10%) of the 

chewers had experienced the habit for < 10  years, 600 (6 6 %) chewed for 11-20 

years and 221 (24%) chewed for >20 years in Bangladesh. The overall duration 

of chewing habit in Bangladesh was 17 ± 13.3 years (mean ± SD) with a range of 

2 to 60 years. However, all were over 40 years of age. Among the chewers in 

London, 140 (44%) chewed for <10 years, 69 (22%) chewed for 11-20 years 

and 89 (28%) chewed for >20 years. The mean duration of chewing betel quid 

in London is 19 ± 6.5 years (mean ± SD). The percentage distribution of the 

duration of chewing in the two screening centres is shown in Table 2.3 and 

Figure 2.5.
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Figure 2.5 Duration of chewing different types of quids
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Smoking habit:

Frequency of smoking

The results of the analysis of smoking among the chewers in Bangladesh shows 

that 222 (24%) of the chewers smoked cigarettes for <10 a day, 193 (21%) for 

11-15 a day and 118 (13%) for >15 a day. The overall smoking frequency in 

Bangladesh is 13 ± 8.1 times a day (mean ± SD) with a range between two to 25. 

20 Out of 915 subjects (2.18%) did not smoke cigarettes.

The frequency for smoking in London shows that 50 (16%) of the total attenders 

smoked cigarettes for <10 a day, 20 (6 %) for 11-15 a day and 28 (9%) for >15 a 

day. The overall smoking frequency in London is 14 ± 4.6 times a day (mean ± 

SD) with a range between three and 30 cigarettes a day. 25 (8 %) did not smoke 

cigarettes at all. The percentage distribution of the frequency of smoking for both 

centres is shown in Table 2.3 and Figure 2.6. All the smokers both in Bangladesh 

and London were found to smoke cigarette only.
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Figure 2.6 Percentage distribution of smoking among the male chewers
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Duration of smoking

Analysis of the duration of smoking shows that 533 (58%) of 915 betel quid 

chewers smoked cigarettes in Bangladesh. Among them 17 (2%) smoke <10 

years, 231 (25%) for 11-20 years and 285 (31%) for >20 years. The overall 

duration of smoking is 25 ± 11.8 years (mean ± SD) with a range between three 

and fifty years.

The results for the same parameter in London showed that 17 (5%) smoke <10 

years, 28 (9%) for the period of 11-20 years and 53 (17%) for >20 years. The 

overall duration of smoking habit of chewers in London is slightly less than the 

chewers in Bangladesh, with 23 ± 6.5 years (mean ± SD) and a range between 

seven and 50 years (Table 2.3 and Figure 2.7).
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Figure 2.7 Duration of smoking amongst male chewers
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2.4 2.3 Observations of clinical examinations
The clinical examination of the betel quid chewers’ mouths revealed that 108 

chewers in Bangladesh and two in London (9%) had the involvement of the 

buccal mucosa. Of them 88 (7%) had palpable fibrous bands in the cheek 

mucosa and 62 (5%) had blanching of the mucosa and/or leathery mucosa. 

Further examination revealed that 68  (6 %) had involvement of the soft palate, 

22 (2%) had lip involvement, 36 (3%) fauces, 47 (4%) floor of the mouth and 

only 14 (1%) had involvement of the tongue. Clinical examination also 

confirmed that this group of 110 chewers had the involvement of at least two 

locations in the mouth and all presented with two or more classic features of 

OSF. Limited mouth opening with <30 mm inter-incisal distance with the 

presence of one or more other classic features as mentioned in the diagnostic 

criteria (Section 2.3.2.2) was therefore observed in 108 in Bangladesh and two 

in London and they have been suffering from this condition for 16 ± 5.7 years 

(mean ± SD) with a range between five and 30 years. The mean mouth opening 

of this group of chewers was 17 ± 3.0 mm (mean ± SD) with a range of eight 

and 30 mm. Therefore, after clinical examination 108 in Bangladesh and two in 

London were provisionally diagnosed with OSF. The results of the clinical 

examination and profile of the provisionally diagnosed OSF patients are shown 

in Appendix 2.2 and a summary of the findings in Table 2.4. Diagrammatic 

representation is shown in Figure 2.8.

Table 2.4 Profile of the clinically diagnosed OSF patients combined in two centres

Involved area (%) Clinical findings (%)
Buc. M s. palate Lip Fauces FIM Tongue Dur (yr.) F.bands LthM BLM MO(mm)

110 68 22 36 47 14 16 ±5 .7 88 62 62 17 ±3.0
(6%) (2%) P%) (4%) (1%) (5-30)* (7%) (5%) (5%) (8-30)**

* Range of duration of the disease,
** Range of the mouth opening,
Dur (yr.) = Duration in year, F. bands Fibrous bands, LthM = Leathery mucosa, BLM = Blanching of 
the mucosa, MO (mm) = Mouth opening in mm, FI M = Floor of the mouth, Buc. M = Buccal 
mucosa, S. Palate = Soft palate.
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Figure 2.8 Profile of the clinically diagnosed OSF patients in Bangladesh and in London

2.4.2A Findings of blood investigations

Blood investigations for the patients in Bangladesh were not done.

The blood test results for the chewers in London study showed that there was 

no significant level of reduction in the levels of haemoglobin, iron, red cell folate 

and vitamin B12. 30 (9.5%) chewers were found to have a slight reduction in 

haemoglobin (10.0-13.0 g/dl), and only two (0.6%) showed decreased level of 

red cell folate. All chewers showed the levels of iron and vitamin B12 within the 

standard normal range.
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2.5 Discussion

It is obvious that the two populations cannot be merged because of the great 

disparity in age, which may reflect different cultural attitudes to health care in 

Dhaka and London. The data from Dhaka, Bangladesh show more men than 

women and from London more women than men chew betel quid. This disparity 

of men and women ratio could be due to more males attending the special 

health care clinics in Bangladesh and more women in London clinics overall. In 

London most of the Bangladeshi women do not go out to work. The 

demography of the chewers also shows that the mean age of the chewers is 51 

years (mean ± SD, 51 ± 10.9 years) but the age ranged between 15 and 97 

years. Similar studies done by Summers et al. (1994) and Bedi and Gilthorpe 

(1995) amongst the Bangladeshi population in London also showed that more 

women practice the habit of chewing than men and most women start chewing 

betel quid during the second decade of life. Initially they start with areca quid 

and the inclusion of tobacco (to make it betel quid) occurs just prior to 

engagement and marriage.

Analysis of the nature of quid, frequency and duration of chewing show that 

most of the chewers (43% in Bangladesh and 55% in London) chew betel quid 

(areca nut, betel leaf, slaked lime and tobacco products). Another 36 and 27 

percent in Bangladesh and London respectively chew areca quid (betel quid 

without tobacco products) and the remaining 21 and 14 percent chew areca nut 

only in these two screening centres respectively. This higher trend of chewing 

betel quid by the Bangladeshi chewers is observed both in Bangladesh and in 

London and this indicates a prevalent habit of adding tobacco to the betel quid.

Frequency analysis of chewing habit reveals that majority of the chewers in both 

screening centres (79% in Bangladesh and 73% in London) chew <10 times a 

day. The overall mean frequency of chewing is nine times a day (mean ± SD, 9 

± 3:7 times a day) with a range between two and 25 times a day. It also shows 

that only a few people (4% in Bangladesh and 2% in London) chew with higher 

frequency >15 times a day. Analyses of the duration of chewing shows that 

most (6 6 % in Bangladesh and 22% in London) of the chewers both in 

Bangladesh and in London had chewed quids for more than ten years but less
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than 20 years. The results of this study is similar to the survey report mentioned 

by Bedi and Gilthorpe (1995) that more women chew betel quid than men with 

inclusion of tobacco for four or more times a day and increase the frequency of 

chewing with age. Williams (1995) mentioned that frequency of consumption 

varies somewhat from one to five chews per day in 37% to more than 26 daily in 

2%. In this study it was also observed that the frequency of consumption of 

quids for <10 ten times a day was 79% and 73% in Bangladesh and London 

respectively which is higher than the previous studies. But the frequency of 

consumption for >15 times a day (4% in Bangladesh and 2% in London) was 

found very similar to the previous studies.

The results of frequency and duration of smoking in this study show a different 

picture in that no woman was found to smoke cigarettes either in Bangladesh or 

in London although chewing quid is nearly equally practised by both sexes. The 

most commonly socially acceptable view among Bangladeshis is that men may 

smoke and women chew betel quid. Probably because of this social opinion of 

the community no female, in this study, was found to smoke, although it is 

possible that some of the female respondents may conceal their habit of 

smoking. It is noted that the other studies (Silman et al. 1985, Summers et al. 

1994, Bedi and Gilthorpe 1995) mentioned that a substantial number of 

Bangladeshi women smoke along with chewing betel quid. It is quite clear that 

there is wide acceptance of male chewing and smoking and over half of the 

study population (overall 631, 51%) have the habit of both chewing and 

smoking (mean ± SD, 13 ± 5.3 a day), ranged between two and fifty a day. This 

indicates that most of the men chewers also smoke. Analysis of the frequency 

and duration shows that majority of them (2 2%) smoke <ten cigarettes a day for 

>20 years (27%) (overall). This may be indicative of increasing addiction to 

chewing habit with tobacco and smoking and negates the belief that they are 

mutually exclusive habits.

The clinical examination of the chewers’ mouths revealed that the cases of OSF 

found in a limited number of chewers in Bangladesh (11.8%) is higher than in 

the UK (0.63%). This difference in the number of observations might be due to 

the higher age group, longer duration and higher frequency of chewing in
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Bangladesh compared to the chewers in London. It also could be due to the fact 

that the chewers who attended the out-patients clinic in the DDCH and special 

health care clinics were specifically self referred, or referred by their doctor, for 

debilitating mouth problems which biased the number of case findings. By 

contrast, in London the respondents were invited to attend the clinic by 

displaying posters in the premises of primary health care clinics, inviting 

chewers but also including general Bangladeshi patients attending for other 

health reasons. This may also explain why they were from all age groups. The 

younger age group of the chewers in the UK also did not include tobacco in the 

quid, and in some cases did not smoke cigarettes. The duration of chewing 

habit is also shorter compared to the Bangladeshi group, presumably coincident 

with their younger age.

2.6 Conclusion

As stated, these studies were not intended to be a controlled epidemiological 

survey. The London programme was stimulated by the need to identify OSF 

patients and their relatives for the genetic and cytokine studies and clinical trial 

of IFN-y. The paucity of London patients raised the question as to whether 

Bangladeshis were not susceptible to OSF, hence the DDCH study. The 

incompatible demographic features of the groups make total integration of the 

data impossible. However, the presenting features and background data of the 

groups are useful. Thus the findings in this study show that Bangladeshi people 

living in the UK retain the betel quid chewing practices of their country of origin, 

together with a number of related attitudes and beliefs. More women practice 

this habit with tobacco than men, and men practice habits of both chewing and 

smoking. The frequency of these habits seems to increase with age. The results 

of this study show that 1213 (overall 99%) of total subjects chew a quid of some 

form and 631 (overall 51%, male chewers only) practice the habit of chewing 

and smoking. Of these, 11.8% in Bangladesh and 0.63% in London have 

developed OSF. It has also been observed that many of the chewers chew >15 

quids a day for 60 years and some smoke >15 cigarettes a day for 50 years, yet 

these people have not developed OSF. Conversely, some of the clinically 

diagnosed OSF patients have been chewing quid for only a few years, but have 

developed OSF. These findings suggest that chewing quids, with or without



Chapter 2. Case finding and clinical description of OSF__________________ 75

tobacco, with or without smoking, may be associated with OSF but this limited 

percentage points to some other innate susceptibility defect, e.g. genetic 

abnormalities. It is therefore necessary to investigate whether genetic 

abnormalities play a crucial role in the pathogenesis of OSF.



Chapter 3 
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Chapter 3 
Genetics and HLA profile

3.1 Introduction

3.1.1 The Major Histocompatibility Complex (MHO)
The major histocompatibility complex (MHO) is a fascinating region of the 

human genome. So far it has been known that the MHO is about 4 megabyte of 

DMA (0.1% of the genome) on the short arm of chromosome 6 . Among the 80 

or so MHO genes found so far are several clusters with related functions in 

antigen processing and presentation. In addition to its importance in 

immunology the MHO is a useful model for investigating gene organisation, 

polymorphism, linkage disequilibrium and recombination. A large number of 

diseases, many of the autoimmune type, are associated with the MHO system 

(Trowsdale 1993).

Based on the chemical structure, tissue distribution and functions the MHO 

gene products are classified into three categories:

Class I antigens: Class I antigens are coded as three closely linked loci 

designated HLA-A, HLA-B, and HLA-C. Each of these molecules is a 

heterodimer, consisting of a polymorphic glycoprotein of molecular weight 45 kD 

(heavy chain) linked non-covalently to a smaller non-polymorphic peptide beta-2 

microglobulin. A gene on chromosome 15 encodes the latter. Class 1 antigens 

are present on virtually all nucleated cells and platelets.

Class II antigens: Class II antigens are coded for in a region known as HLA-D. 

These antigens were initially defined by a phenomenon called the mixed 

lymphocyte reaction when lymphocytes from two individuals having differing 

HLA-D regions are cultured together in vitro. T lymphocytes from an individual 

can recognise foreign class II antigens on the cells of the other individual and 

respond by proliferation. If there is genetic identity at the HLA-D region then the 

proliferation of the cell does not occur. Recent studies have identified three sub- 

regions DP, DQ and DR within the HLA-D regions. Class II antigens differ from 

class 1 antigens in several respects. Chemically they exist as bimolecular 

complexes but both their constituent polypeptide chains are polymorphic and
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these are labelled Alpha (a) and Beta (p). Their molecular weights are 34 kD 

and 29 kD respectively. Unlike class 1 antigens the tissue distribution of class II 

antigens is quite restricted. They are found mainly on antigen- presenting cells 

(monocytes and macrophages, dendritic Langerhans’ cells), B cells and some 

activated T cells. However, several other cells such as vascular endothelium, 

fibroblasts and renal tubular epithelial cells can be induced to express class II 

antigens by interferon gamma (IFN-y) produced by activated T cells.

Class III antigens: These antigens are the proteins of the complement system 

(02, 04, and BF) that are coded for within the MHO (Bach and Sach 1987). 

Recent studies indicate that genes for the tumour necrosis factor cytokines 

TNF-a and TNF-p are also encoded within MHO (Spies et al. 1986). Although 

class III molecules and the cytokine genes are not genetically linked to class I 

and II antigens, they may also act as histocompatibility antigens.

3.1.2 HLA associated diseases
A variety of diseases have been found in association with certain HLA types. 

The diseases that show association with HLA can be broadly grouped into the 

following categories:

1) Inflammatory diseases e.g. ankylosing spondylitis, several post-infectious 

arthropathies,

2) Inherited errors of metabolism e.g. haemochromatosis, 21-hydroxylase 

deficiency,

3) Autoimmune diseases e.g. autoimmune endocrinopathies,

4) Complement deficiency syndromes.

The mechanisms underlying these associations is still not clear, especially as 

they are as diverse as enzyme deficiency syndromes and autoimmune 

disorders. It is assumed that there is no single mechanism of association. 

According to Zabriskie and Gibofsky (1986) the following are the two possible 

mechanisms by which an immune response gene may be involved in the 

pathogenesis of an autoimmune disease:
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1. Involvement of immune-response genes: Certain autoimmune diseases 

may be associated with HLA-DR antigens as a result of an exaggerated 

immune response to autoantigens.

2. Direct participation of HLA macromolecules: There are two possible 

mechanisms by which HLA molecules may participate directly in disease.

a) Pathogens may share a cross-reacting antigen with HLA and be 

protected from an immune response by the host’s tolerance for self-HLA 

antigens (molecular mimicry). This would provide the pathogen an “immunologic 

permit” to invade and destroy tissues. Alternatively, a strong immune response 

may be mounted against the invading pathogen. But because of the sharing of 

determinants between the microbe and the HLA antigen, immunologically 

mediated damage may be inflicted on normal tissues (Shoenfeld and Isenberg 

1988).

b) Certain HLA molecules may provide receptors for viruses and this may 

either facilitate virus-cell interaction or provide a target for host immune cells to 

destroy virus-infected cells. In the former case, the presence of a given HLA 

type would favour virus-induced disease, whereas in the latter case it would 

favour removal of virus-infected cells.

Common HLA associated diseases:

The earliest human studies showed that the cross-reactive group of antigens 

HLA-B5, B35, B15 and B18 may have associations with Hodgkin’s lymphoma 

(Amiel 1967) and HLA-A2 with acute lymphatic leukaemia in children (Walford 

et al. 1970). The association of HLA antigens A-9, B-8  and Dw3 with 

scleroderma has also been emphasised by several authors (Clements et al. 

1978, Hughes et al. 1978).

MHC-related seronegative arthritis is perhaps one of the best known clinical 

arthropathies. Ankylosing spondylitis is the classic HLA associated disease and 

is characterised by progressive inflammation and ultimate fusion of the 

sacroiliac joints and axial skeleton. Although the primary target tissue is 

fibrocartilage, extra-articular manifestations, for example, anterior uveitis, 

aortitis, may also occur. It has been reported that a significantly increased 

frequency (approximately 90%) of class 1 antigen HLA-B27 may be associated
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with this disease and is more common in white patients (Brewerton et al. 1973, 

Schlosstein et al. 1973). Another classical syndrome associated with HLA-B27 

is Reiter’s syndrome, which has a high predilection for young males. The 

disease usually occurs one to several weeks after a diarrhoea illness and the 

classic “triad” of clinical manifestations are arthritis, conjunctivitis, and urethritis 

(Parker 1980). Husby et al. (1979) suggested that there might be an association 

between rheumatoid arthritis and the DR4 antigen. Type 1 diabetes mellitus 

may also have an association with either DR3 or DR4 or both (Schwartz and 

Schreffler 1980). Owerbach et al. (1983) proposed that the DR antigen consists 

of two polypeptide chains a and p and there is a difference in p chains in DR3/4 

between diabetic patients and normal persons. Sontheimer et al. (1982) 

mentioned that systemic lupus erythematosus has a genetic link to DR2 and 

DR3. However, none of these connections are absolutely related to the HLA 

antigens and many of the authors have also mentioned the racial differences in 

the MHC antigens. Moreover, although DR3 is common in several autoimmune 

diseases, most persons with DR3 are healthy and so new light has been shed 

on that anomaly by molecular analyses.

A novel way of relating the MHC to autoimmunisation has been proposed by 

Hanafusa et al. (1983). They mentioned that normal thyroid epithelium 

expresses DR antigens and T lymphocytes can recognise thyroid autoantigens. 

The aberrant production of DR antigens by thyroid epithelium exposes the MHC 

Class II structures to helper lymphocytes and thus the thyroid epithelial cell 

becomes an antigen-presenting cell. Evidence also has been demonstrated that 

IFN-y induces human epithelial cells to express aberrant DR antigens (Pober et 

al. 1983). These associations between particular DR phenotypes and thyroid 

disease may reflect an immunologic responsiveness or unresponsiveness that 

DR genes control.
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3.1.3 HLA typing
3.1.3.1 Serological method
Polymorphism in the MHC class I and class II gene products was defined 

serologically by Rollini (1985), Spies et al. (1985) and Erlich et al. (1986). They 

showed identification was possible in the case of the class II antigens because 

of the ability to stimulate the proliferation of T-lymphocytes from genetically 

dissimilar individuals in a mixed lymphocyte culture (MLC).

HLA typing using serological techniques is generally used in i) paternity 

determination, ii) tissue typing for transplantation and iii) disease association 

(diagnosis / prognosis).

i) The utility of HLA typing for paternity determination is a consequence of 

the high degree of genetic polymorphism in the HLA region.

ii) The value of HLA typing for transplantation to ensure the survival of the 

graft in HLA matched donor-recipient pairs, determines the 

immunological functions encoded in the class I and II loci (Bodmer 1984).

iii) As stated above genetic susceptibility to a variety of diseases, such as 

rheumatoid arthritis, insulin-dependent diabetes mellitus, multiple sclerosis, has 

been linked with specific HLA types (Ryder et al. 1982). As stated in the 

introduction, section 1.4.2.3, our group explored the HLA profile of OSF patients 

(Canniff et al. 1985) and showed a significant relationship to A10, 87, DR3 

antigens and the haplotype pairs A10/DR3, B8/DR3 and A10/B8. The 

significance of these findings was their association with connective tissue 

disorders such as scleroderma, Dupuytren’s contracture and polyvinyl disease. 

However, this was subsequently challenged by van Wyk et al. (1994b).

3.1.3.2 DNA-based HLA phototyping using PCR-SSP (SSP)
Recently with the availability of cloned HLA cDNA and genomic hybridisation 

probes, HLA typing at the DMA level has become a popular technique. This 

technique for HLA typing is carried out by restriction fragment length 

polymorphism (RFLP) and the analysis of RFLP is based on the variation of 

genomic length (Erlich et al. 1986). DMA fragments resulting from restriction
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sites in or around the HLA class II genes, can be detected by Southern blot 

analysis of restriction enzyme digested genomic DMA using cloned class II 

cDNA or genomic sequences as hybridisation probes. The development of gel 

electrophoretic techniques for the resolution of very large DMA molecules has 

made possible physical mapping of genes over relatively long size (50 kb to 500 

kb) (Schwartz and Cantor 1984, Carle et al. 1986).

Refinements of HLA-typing have been made successfully by using sequence 

specific primers (SSP) by Bidwell et al. (1988), Saiki et al. (1989), Tiercy et al. 

(1990), Olerup and Zetterquist (1992), Bunce et al. (1993), Bein et al. (1992), 

Uryu et al. (1990), Norton et al. (1995) in the recent years. DNA-based 

techniques are now the methods of choice for class II typing in many 

laboratories. DNA-based techniques for class I typing have taken longer to 

develop, and in many laboratories DNA-based methods are only used for class 

II and serology for class I.

Recently, DNA typing for class I loci has advanced with PCR-SSP methods 

(Browning et al. 1993, Krausa et al. 1993, Sadler et al. 1994, and our 

collaborators Bunce et al. 1994a, Bunce et al. 1994b, Bunce et al. 1995). Oh et 

al. (1993) and Yoshida et al. (1992) have described methods for HLA-A, B and 

C so that the complete DNA- based typing can now be performed for HLA class 

I & II by a combination of several methods or protocols. In order to streamline 

DNA-based typing for class I & II Bunce et al. (1995) developed a multiple SSP 

typing system which utilises the same PCR protocols and parameters for class I 

& class II, the results of which can be visualised on a single Polaroid 

photograph. This integrated typing system for HLA class II & I is called 

"Phototyping". Phototyping uses 144 SSP reactions for typing HLA-A, B, C, 

DRB1, DRB3, DRB4, DRB5 and DQB1 and gives a resolution greater than or 

equivalent to serology without the problems of serological cross-reactivity. Most 

of the alleles are detected in group-specific amplifications corresponding to 

serological specificity although some specific allele detection is not possible. 

The vast majority of heterozygous combinations present no problems for the 

144 reactions. Some heterozygous combinations cannot be discriminated; for 

instance, B53 homozygotes can not be distinguished from B53 and B77
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heterozygotes. Greater resolution is readily obtained by the addition of extra 

primer mixes or by using sub-typing sets of primer mixes after the initial 

phototyping. The parameters and protocols generally work well for any SSP 

system where the primers have an estimated annealing temperature of between

60^0 and 62°C so that other described SSP systems, such as HLA-DQA can 

be added to the system.

3.2 Aims of this study

The aim of this study was to confirm an association of HLA antigens in 

development of OSF by analysing and comparing the HLA antigens of OSF 

patients with their blood connected relatives, age- and sex-matched ethnic and 

Caucasian control subjects, using PCR-SSP phototyping method. Therefore, 

this study was designed to

1) Collect blood samples from

♦ OSF patients,

♦ Their relatives and

♦ Age- and sex-matched ethnic and non-ethnic Caucasian volunteers.

2) Extract DNA from whole the blood samples and

3) Analysis of the samples for HLA-typing using a PCR-SSP phototyping 

technique, which was carried out by Dr. Michael Bunce (The Churchill 

Hospital, Oxford).
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3.3 Materials and methods

The work to be described in this section was carried out in collaboration with Dr. 

Ken Walsh and Dr. Michael Bunce at the Renal Transplant Unit, the Churchill 

Hospital, Oxford.

3.3.1 Materials
Blood samples:

Blood samples from thirty OSF patients, thirty in each group of blood-connected 

relatives and age- (± 5 yr.) and sex-matched ethnic and white Caucasian 

controls were collected. Blood samples from patients were collected after the 

clinical and histological confirmation of the diagnosis of OSF and before 

treatment with rhIFN-y. No patient had evidence of infection or malignancy. A 

medical, dental and chewing history was taken for all the volunteers. None of 

the control subjects was a betel quid chewer. The identity of the patients, their 

relatives, ethnic and Caucasian controls are shown in Appendix 3.1. The list 

contains fifty-two patients’ name but only the first thirty patients except number 

18 and their corresponding controls were included in this study. A summary of 

the clinical profile of the study subjects is shown in Table 3.1.

Table 3.1 Clinical profile of patients and controls

Subjects for 
study

Age (Yr.) 
Median (range)

Gender 
M F

Duration of disease 
Median (range) (Yr.)

Mouth opening (mm) 
Median (range)

OSF patient (30) 48 (16-68) 11 19 15 (1-30) yr. 20.5 (11-35)
Relative (30) 24 (14-50) 15 15 Normal Normal
Ethnic (30) 42 (21-64) 11 19 Normal Normal
Caucasian (30) 45 (22-65) 11 19 Normal Normal
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Reagents for DNA extraction: (prepared at the Eastman Dental Institute)

1. Red cell lysis buffer (RCLB):

RCLB was prepared by dissolving 0.144 M NH4CL and 1.00 mM NaHCOs 

in 2L of distilled water,

0.144 MNH4CL 15.405 9

1.00  mM NaHCOs 1.68  g

2. Nuclear lysis buffer (NLB):

A. Stock solutions:

IM T risH C L  pH 8.2 10 mis

2 0 0 mMNa2 EDTA pH 8.0 10 mis

B. Preparation of NLB buffer:

Stock solution Final concentration

10 mis of 1 M Tris HOI pH 8.2 10 mM Tris HOI pH 8.2

10 mis of 200 mM Na2EDTA pH 8.0 2 mM Na2EDTA pH 8.0

23.37 g of NaCI 0.4 M NaCI

Made up to 1 L with distilled water

3. NLB + SDS buffer:

A. Stock solution:

3-10% Sodium Dodecyl Sulphate (SDS):

lOOg of SDS was dissolved in 800 mis of distilled water and made up to 1 

L with distilled water to a final 10% concentration.

B. Preparation of NLB + SDS buffer:

NLB and 10% SDS were mixed in a ratio of 15:1 (300 ml of NLB + 20 ml 

of 10% SDS from stock solutions). Stored at room temperature.

4. Proteinase K (PK) stock (1 mg/ml) for bulk preparation:

A. Stock solutions:

1% WA/SDS

2 mM Na2EDTA pH 8.0,100 mis of 10% SDS

B. Preparation of PK solution:

10 mis SDS/EDTA solution was added to 10 mg of PK. Ensuring that PK 

was completely dissolved. This was aliquoted and dispensed 120 pi in 0.5- 

ml eppendorfs. Stored at -20°C.

5. 6 M NaCI: 350.64 g of sodium chloride was dissolved in 800 mis of 

distilled water and made up to 1L.
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6 . 95% Ethanol: 950 mis ethanol + 50 mis distilled water

7. 70% Ethanol: 700 mis ethanol + 300 mis distilled water.

Primers used in this study: (Dr. Michael Bunce- the Churchill Hospital, 

Oxford)

The primers used in this study were purchased as crude oligonucleotides from 

R & D Systems (Europe) Ltd. Zemmour and Pharma (1992), Marsh and Bodmer 

(1995), Arnette and Pharma (1995) and Bodmer et al. (1995) then amplified the 

primers on the basis of the published sequences. The alleles, sequences of the 

sense and anti-sense primers used in this study are shown in Appendices 3.2,

3.3 and 3.4 respectively. The primer mixes and their specificities are given in 

Appendix 3.5 and supplementary mixes are shown in Appendix 3.6. The 

amplification of primers was designed in a way that the melting point of the

primers ranged between 58° C and 62° C, which keeps the specificity 

dependent nucleotide on the penultimate or terminal 3'- base. A deliberate 

mismatch of primer number 395 was done to increase the specificity of the 

HLA-B54 primer mix (PM61). Amplification control primers giving rise to a 796 

base pair fragment from the third intron of HLA-DRB1 were also included in the 

PCR reactions, with the exception of the Bw4 and Bw6 reactions.

Before use of the primers, 5pl primer mixes containing allele and control primers 

in distilled water were stored at -70° C under lOpI of mineral oil in 200pl strip- 

tubes designed by Advanced Biotechnology, London, UK. The phototyping was 

then done using 96 well plates (Model P) designed specifically for the PCR 

machines by Coster (High Wycombe, UK). The method used for the phototyping 

is described below.
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3.3.2 Methods
3.3.2.1 DNA preparation (Large scale salting out method)
A. 20 mis of peripheral venous blood were collected in tri-sodium citrated (an 

anticoagulant) 5 ml plastic tubes. The blood was centrifuged at 2000 RPM for 

10 minutes at room temperature. The buffy coat was then aspirated into a 20-ml 

polypropylene tube. 10 ml of RCLB was added, inverted several times and left 

to stand for 5 minutes. The mixture was then centrifuged at 3000 RPM for 10 

minutes at room temperature. The supernatant was poured off and the pellet 

gently rinsed in 2 ml of RCLB until the white pellet turned to a pink halo. If there 

was too much haemoglobin, the pellet was resuspended in RCLB, agitated, and 

centrifuged until the pellet was homogeneously white. The pellet was then 

stored at -70° C or used immediately.

B. The pellet was then resuspended in 3 ml of NLB + 10% SDS and 120 pi of 

10 mg/ml Proteinase K. This was gently agitated for 16 hours at 42°C in a 

hybridisation oven. 1 ml of 6 M NaCI was added, and agitated for 30 seconds 

until precipitate was visible. 2 ml of chloroform was added and shaken until a 

homogeneous milky solution was seen; this was then further centrifuged for 30 

minutes at 3200 RPM. Then DNA (top phase) was aspirated in a fume hood 

cupboard by a sterile fine glass pipette into a 20-ml tube. Every attempt was 

made to avoid sucking protein from the interface. If the DNA could not be 

aspirated cleanly then the mixes were transferred into another polypropylene 

tube, added an equal volume of chloroform, mixed well and centrifuged again 

for 10 minutes at 3200 RPM.

C. Two volumes of 95% ethanol were added and gently rocked until all of the 

DNA was precipitated into a fibrous looking precipitate. The ethanol was 

carefully poured off, leaving the precipitate stuck to the side of the tube. 

Alternatively, the mixture was centrifuged for 5 minutes at 3200 RPM. In cases 

where some of the DNA floated, it was resuspended in 70% ethanol, swirled 

and the tube left to stand for few minutes and the washing step repeated. DNA 

was then transferred into a sterile 1 5-ml microcentrifuge tube and centrifuged 

for 30 seconds to pellet the DNA. The ethanol was then poured off and the tube
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was kept inverted, with the lid open, in a rack for 30 minutes until the excess 

ethanol drained off, otherwise the Centrivap was used for 5 minutes.

D. The DNA was resuspended in an appropriate volume of autoclaved 

distilled water. Normal preparations were placed into 300^1, small amounts into 

150pl. The pellet was flicked to get it into water; the microcentrifuge tubes were 

then stored at -70° 0  and the samples were transferred to Oxford Transplant 

Centre, Churchill Hospital, for analysis by Dr. Michael Bunce.

3.3 2.2 Amplification conditions
The final volume of all PCR reactions was 13 pi, not including a 10pl mineral oil 

overlay. PCR reaction mixtures consisted of 67 mM Tris Base pH 8.8, 16.6 mM 

ammonium sulphate, 2 mM magnesium chloride, 0.01% (v/v) Tween 20, 200 

pM of each dNTP, 1-4 pM of each allele-specific primer, 0.1 pM of DRB1 control 

primers (primers 63 & 64) or 2 pM of APC control primers (primers 210 & 211), 

between 0.1 and 0.01 pg DNA and 0.1875 units Taq Polymerase (Advanced 

Biotechnology, London). 8 pi of buffer, DNA and enzyme mixture were added 

to the 5-pl primer mix with an electronic dispensing multichannel pipette (Rainin 

EDP M8, Amachem, Luton, UK). The primer concentrations in the primer mixes 

were empirically titrated with positive and negative samples to ensure maximum 

efficiency. PCR amplifications were carried out in a Gene Amp PCR system 

9600 (Perkin-Elmer Corporation) or in MJ Research 96V or PTC-200 machines.

The cycling parameters for 13 pi reactions in rapid-cycling PCR machines were

as follows: 1 minute at 96° C followed by 5 cycles of 25 seconds at 96° C, 45

seconds at 70° C, 45 seconds at 72° C followed by 21 cycles of 25 seconds at

960 Q 50  seconds at 65° C, 45 seconds at 72° C followed by 4 cycles of 25

seconds at 96° C, 60 seconds at 55° C, 120 seconds at 72° C. Trays were 

sealed with Thermowell ™ sealer (Costar) and dipped in mineral oil (to improve 

the plate to block contact). Foam mattresses were used between the lid of the 

PCR machine and the PCR plate to ensure firm even pressure on the plate.
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3.3 2.3 Gel electrophoresis
PCR products were electrophoresed in 1.0% agarose gel containing 0.5 pg/ml 

ethidium bromide after the addition of 5 pi of loading buffer consisting of 0.25% 

Orange G, 30% v/v glycerol, and 0.5 x TBE buffer (89 mM Tris base, 89 mM 

boric acid, 2 mM EDTA, pH 8.0). Orange G is an excellent electrophoresis 

marker as it migrates with the primer band on gel electrophoresis. The gels 

were run for 15 minutes (until the Orange G had travelled 3 cm) at 15 V/cm in 

0.5 X TBE buffer and visualised using UV illumination. The Flowgen gel tanks 

used (Flowgen, Sittingbourne, UK) allowed multiple loading of reactions with a 

multichannel pipette. An acetate film with the PCR lane numbers was laid on 

top of the gel to help minimise interpretation errors caused by attributing bands 

to the wrong gel lane.

3.3 2.4 Statistical methods
The difference in frequencies observed in this study for HLA antigens in the 

patients with OSF, their relatives, ethnic control and the Caucasian control 

groups was tested for significant difference by using Chi-Squared test. The p 

values were also compared with the p values in the Standard Normal 

Distribution (SND). The differences with p values <0.05 were considered 

significant.
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3.4 Results

3.4.1 Outcome of the experiment
A total of 120 blood samples were taken from OSF patients, their relatives, age- 

and sex-matched ethnic and Caucasian control subjects. Due to some technical 

problems some of the samples from each group did not amplify properly, some 

were contaminated and some poorly amplified. Some of the samples were not 

tested. The outcome of the analysis is shown in Table 3.2.

Table 3.2 Outcome of the experiment

Groups No. of samples Done Failed to amplify Contaminated Poor quality Not done
Patient 30 21 7 2 0 0
Relative 30 15 3 1 0 11
Ethnic 30 12 1 0 1 16
Caucasian 30 26 2 1 1 0
Total 120 74 13 4 2 27

3.4.2 HLA frequencies observed
The antigen frequencies for MHC class I and II found in the patients, their 

relatives, and the ethnic and Caucasian control groups are shown in the 

Appendix 3.7. The frequencies of four antigens A24, Bw6, DRB1 11 and DRB3 

0202/3 were found significantly higher in OSF patients compared with the 

Caucasian control group (Table 3.3 and Figure 3.1). On the other hand, five 

other antigen frequencies B44, CwOSOI, Cw0701, DRB3 0101 and DQB1 0602 

were observed to be significantly higher in Caucasian control group when 

compared with the patient, relative and ethnic groups (Table 3.4 and Figure 

3.2). There was no significant difference in any other antigen frequencies 

amongst the study groups.
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Table 3.3 HLA antigens observed more in OSF patients compared to the Caucasian controls

Antigens Patients (n=21) Relatives (n=15) Ethnic n=12) Caucasians (n=26)
OF % OF % OF % OF %

A 24 12 57 2 13 3 25 4 15
Bw6 21 100 5 33 8 67 18 69
DRB1 11 8 38 3 20 0 0 2 8
DRB3 0202/3 13 62 6 40 2 17 5 19
0 F = Observed frequencies

HLA antigens observed higher in OSF patients

Percent
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DRB1 11 DRB3 0202/3

Figure 3.1 Shows more HLA antigen frequencies /\24, Bw6, DRB1 11, DRB3 0202/3 in OSF 
patients than in the controls
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Table 3.4 HLA antigens observed more in Caucasians compared with patients, relatives and 
ethnic controls

Antigens Patients (n=21) Reiatives (n=15) Ethnic n=12) Caucasians (n=26)
OF % OF % OF % OF %

B44 1 5 0 0 1 8 8 31
Cw 0501 0 0 0 0 0 0 2 23
Cw 0701 1 5 1 7 1 8 8 31
DRB3 0101 0 0 1 7 1 8 9 35
DQB1 0602 0 0 0 0 0 0 6 23
0 F = Observed frequencies

Percent
HLA antigens observed higher in Caucasians
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Figure 3.2 HLA antigen frequencies B44, Cw 0501, Cw0701, DRB3 0101 and DQB1 0602 more 
in Caucasians than in the patient and other two control groups
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3.4.3 Statistical analysis of observed frequencies

Frequencies observed more in OSF patients:
As stated the frequencies observed to be higher in OSF patients compared to 

the other three control groups are A24, Bw6, DRB1 11 and DRB3 0202/3. 

Statistical analysis of the frequencies of the antigen A24 using Chi squared test 

showed that this antigen frequency is significantly higher in patient group 

compared to the Caucasian control group (p=0.002). It also showed that the 

patient group has higher frequencies than the relative group (p=0.007) and 

combined relative and ethnic group (p<0.003). There was no statistical 

difference for this antigen (A24) between the patient and ethnic control group. 

This was probably because of the small members 12 in this group (Table 3.5).

Bw6 antigen frequencies were also observed higher in OSF patients than in the 

control groups separately and also in combined relative and ethnic control 

groups. Significant difference was found for this antigen when compared 

between patients and the Caucasian control group (p=0.005), relatives 

(p=0.0009), ethnic control (p=0.006) and combined relative and ethnic control 

groups (p=0.00003). There was no statistical difference between any other two 

groups except the Caucasian and the small relative group (p=0.03).

Statistical analysis for the antigen DRB1 11 also shows that the patient group 

had significantly higher frequencies compared to the Caucasians (p=0.01), 

ethnic (p=0.01), combined relative and ethnic (p=0.02) and combined relative, 

ethnic and the Caucasian groups (p=0.03). Patient group did not show 

statistical difference from the relative group for this antigen. Further analysis for 

this antigen also showed that there was no significant difference between any 

other two groups as it was for A24 antigen.

The statistical analysis for the antigen frequencies of DRB3 0202/3 also showed 

a similar pattern of differences as it was for both A24 and DRB1 11 antigens 

except for the relatives where it didn’t show significant difference between these 

two groups. The values and p values are shown in Table 3.5.
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Table 3.5 HLA antigens observed significantly more in OSF patients compared with the control 
groups

Study groups A24 Bw6 DRB' 11 DRB3 0202/3
y} value p value Ü- value p value y} value p value y} value p value

*P vs C 9.02 0.002 7.78 0.005 6.41 0.011 8.95 0.002
*P vs R 7.06 0.007 13.72 0.0009 1.35 0.245 1.68 0.19
*P vs E 3.18 0.07 7.96 0.006 6.03 0.01 6.30 0.01
*P vs (E + R) 9.53 0.003 15.37 0.00003 4.86 0.02 5.00 0.02
EvsC 0.50 0.477 0.024 0.9 0.97 0.32 0.03 0.849
RvsC 0.03 0.857 4.97 0.03 1.34 0.24 2.09 0.148
R vs E 0.60 0.438 2.96 0.07 2.70 0.10 1.74 0.18

Study groups- P = Patients, R = Relatives, E = Ethnic controls, C = Caucasians
* Statistically significant 

Bold- Statistically significant for this antigen in control group only (0*)

Frequencies observed more in Caucasian controls:
The frequency of antigens B44, Cw0501, Cw0701, DRB3 0101 and DQB1 0602 

were observed more in Caucasian control subjects than that in the OSF 

patients, their relatives and the ethnic control subjects. Statistically significant 

difference was observed for these antigens when Caucasian control group was 

compared with the patients with significance levels <0.02, <0.01, <0.02, <0.002 

and <0.01 respectively (Table 3.6). It was difficult to compare this group with the 

other two control groups (relatives and ethnic), although the present 

observations showed apparent statistical differences, because the observation 

in these groups were low, or in some cases not at all. But the Caucasian control 

group showed statistically significant difference when compared with the 

combined patient, their relatives and ethnic control group (Table 3.6). The 

results are shown in Appendix 3.7.
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Table 3.6 HLA antigens observed significantly more in Caucasians than patients and other two 
control groups

Study groups B44 Cw 0501 Cw(3701 DRB3 0101 DQB1 0602

value
P

Value value
P

value
y}

value
P

value value
P

value value
P

value
*C vs P 5.07 0.02 5.55 0.01 5.07 0.02 8.99 0.002 5.55 0.01
*C vs R 5.73 0.01 4.05 0.04 3.22 0.07 4.02 0.04 4.05 0.04
C vs E 2.28 0.1 3.28 0.06 2.28 0.13 2.92 0.08 3.28 0.06
*C vs (P+R+E) 10.21 0.001 12.05 0.0003 8.01 0.004 12.35 0.0004 12.05 0.0005

Study groups- P = Patients, R = Relatives, E = Ethnic controls, 0 = Caucasians
* Statistically significant 

Bold- No statistical difference for this antigen between Caucasians and relatives

3.5 Discussion and conclusion

The findings of this study confirmed a distinct HLA profile for OSF patients. A 

group of twenty-one OSF patients showed disturbances of HLA antigens A24, 

Bw6, DRB1 11 and DRB3 0202/3 frequencies when these were compared with 

the frequencies of their relatives and age and sex matched ethnic and 

Caucasian control groups. Analysis of the results showed a significant 

difference between the patients and also the combined relative and ethnic 

groups. On the other hand, confirming the underlying variations in ethnic HLA- 

types, the antigen frequencies B44, CwOSOI, Cw0701, DRB3 0101 and DQB1 

0602 were found significantly higher (p values in Table 3.6) in the Caucasian 

control group compared to the patient, their relative and combined patient, 

relative and ethnic control groups. As the sample sizes in the two Asian control 

groups were small, 15 relatives and 12 ethnic controls, it was considered 

reasonable to combine them for the analyses.

Previous studies on HLA typing done by Canniff et al. (1985) also showed 

increased frequencies of A10, B7 and DR3 in a group of OSF patients 

compared with a control group comprising non-consanguineous, healthy Hindu 

immigrants to the USA. The antigen DR3, observed more often in the latter 

study, is similar to the antigen DRB3 0202/3 that was also observed more
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frequently in the present study. Subsequently, van Wyk et al. (1994b) was 

unable to demonstrate a specific pattern of HLA-antigen frequencies in betel nut 

chewers with or without the occurrence of OSF, although an alternative 

interpretation of the results of this study might be that there is a marked trend of 

altered HLA antigens. Studies on serological HLA typing in Asian Indians 

showed that the prevalence of A2, B8, and B14 in Indians may be lower than 

those in European Caucasoid (British and Germans) and frequencies of A24 

and B52 may be higher in Indians than in Caucasoid (Sood et al. 1991). The 

latter group also mentioned that the antigens DRB1, DQA1, DQB1 and 

DQB1/05 might be higher among the Indians. Taken together, these findings 

strengthen the conclusion that the antigens A24, Bw6, DRB1 11 and DRB3 

0202/3 may play a role in the pathogenesis of OSF.

Suggestions for future research:
In the light of this study it is suggested that-

1) The study should be extended to more subjects, particularly increasing the 

numbers of relatives and ethnic control subjects to confirm the pattern of 

their antigen frequencies,

2) Family studies should be done to determine whether there are any clearer 

haplotype associations in OSF within the blood-related individuals.
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Chapter 4 
Cytokine profile

4.1 Introduction

Cytokines function as intercellular and intracellular signals that regulate local and, 

at times, systemic cellular and inflammatory responses. Cytokines differ from 

endocrine hormones in that they are produced by a range of cells rather than by 

specialised gland cells. In general, cytokines act in a paracrine manner (i.e. near 

to the producing cells) or autocrine (i.e. directly on the producing cells) rather than 

in an endocrine manner on distant target cells. Generally, cytokines are peptides 

or glycoproteins with molecular weights ranging from 6 kD to 60 kD. More than 

100 cytokines have been identified (Henderson and Poole 1994). However, for the 

purpose of this thesis the focus will be mainly on the pro-inflammatory cytokines 

IL-1P, IL-6, IL-8, TNF-a and IFN-y.

4.1.1 Interleukin-1 (IL-1)
During an immune response macrophages or monocytes are probably the major 

source of IL-1 (Dinarello 1984). Generally macrophages do not synthesise IL-1 

constitutively, but require a stimulus for IL-1 gene transcription. Many factors can 

stimulate IL-1 including complement products generated in the course of humoral 

immunity. Historically, the biological activities initially related to the inflammation- 

associated breakdown of connective tissues were attributed to mononuclear cell 

factors (Dayer et al. 1986) and catabolin (Cliff 1988). Subsequently, these 

activities were shown mediated by IL-1. At least two distinct IL-1 proteins (a and p) 

exist. Both forms are produced by the cell as 31 kD precursors that undergo 

enzymatic processing by pro-IL-1 converting enzyme (ICE) to the mature 7.5 kD 

forms (Mizutani et al. 1991).

The biological effects of IL-1 include, among others, lymphocyte (T- and B cell) 

activation, macrophage activation, natural killer cell stimulation, prostaglandin 

synthesis, fever induction, anorexia, acute phase protein release (hepatocyte 

activation), adrenocorticotropin release, corticosteroid release, cytokine gene 

expression (IL-1, TNF, IL-6), plasminogen activator and activator inhibitor gene 

expression, endothelial cell activation, tumour cell growth inhibition and
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suppression of lipoprotein lipase gene expression (Cavaillon and Haeffner- 

Cavaillon 1990, Dinarello 1988, 1991). Circulating levels of IL-1 in a variety of 

clinical situations together with TNF and IL-6 correlate with the severity of some 

diseases, suggesting that these cytokines participate in the host response or 

development of illness. Production of IL-1 in the tissues is thought to contribute to 

local effects such as fibrosis, tissue matrix break down or the influx of 

inflammatory cells (Molloy et al. 1993). Parallel studies done by Kawaguchi et al.

(1993) found that the concentration of IL-1p for the stimulation of IL-6 and PGE2 

production by systemic sclerosis fibroblasts were 10-fold and 100-fold lower 

respectively than those for the normal fibroblasts. The concentration of IL-lp for 

the stimulation of IL-ip mRNA expression by systemic sclerosis fibroblasts was 

also 10-fold lower than that for the normal fibroblasts. This study suggested that 

IL-1 signal transduction through the IL-receptor could be induced excessively in 

systemic sclerosis fibroblasts and so IL-1 signal transduction may play an 

important role in the abnormal cytokine networks observed in the fibrosis of 

systemic sclerosis.

4.1.2 Interleukin-6 (IL-6)
IL-6 is a major mediator of the host response to tissue injury and infection (Van- 

Snick and Nordon 1990). This cytokine has been shown to be produced by 

activated monocytes, macrophages, endothelial cells, astrocytes, fibroblasts, 

kératinocytes, bone marrow stromal cells and activated T and B-lymphocytes. It 

acts on a variety of target cells including T and B-lymphocytes, fibroblasts, 

myeloid progenitors and hepatocytes (Roodaman et al. 1992, Honda et al. 1992). 

It also plays a major role in B cell differentiation in the immune system and T cell 

proliferation (Lotz et al. 1988). IL-6 exhibits multiple activities in disease processes 

including: weak anti-viral activities, induction of proliferation of cells including 

Epstein Barr virus (EBV) transformed B cells, T cells, kératinocytes and Kaposi 

sarcoma cells, and the stimulation of IgG secretion (Tosato and Pike 1988).

These various activities suggest that this mediator plays a major role in the 

mediation of the inflammatory and immune responses initiated by infection or 

injury. Although the exact functions of IL-6 in vivo are not known, elevated levels 

have been reported to be associated with a variety of diseases including
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autoimmune diseases, and malignancies such as plasmacytoma and 

melanoma. Moreover, Crestani et al. (1994) reported that IL-6 production by 

both spontaneous and LPS-stimulated blood monocytes from patients with 

systemic sclerosis was more than that by the normal controls. Spontaneous IL-6 

secretion by alveolar macrophages from the same group of patients was also 

higher than that by the controls, although LPS-stimulated cells did not show any 

difference compared with the normal controls.

4.1.3 Interleukin-8 (IL-8)
Many normal cell types such as monocytes, macrophages, eosinophils, T cells, 

natural killer cells, neutrophils, fibroblasts, endothelial cells, kératinocytes, 

hepatocytes and chondrocytes produce IL-8 either constitutively or in response to 

a variety of pro-inflammatory stimuli such as IL-1, TNF, LPS, histamine and 

viruses (Saito et al. 1994, Jeannin et al. 1994).

IL-8 has been known as a neutrophil chemotactic factor produced by LPS- 

stimulated human peripheral blood mononuclear cells (PBMC) (Yoshimura et al. 

1987). In addition to being a potent chemoattractant for neutrophils it has a wide 

range of pro-inflammatory effects. It causes degradation of neutrophil-specific 

granules, and argyrophilic granules in the presence of cytochalsin B. It induces 

expression of adhesion molecules CD11 and GDI 8 and enhances the adherence 

of neutrophils to endothelial cells and sub-endothelial matrix proteins. It has also 

been known as chemotactic for basophils and T cells and eosinophils. Crestani

(1994) reported in a study of systemic sclerosis patients that alveolar 

macrophages release more IL-8 than that by the normal controls and he 

suggested that an increased level of IL-8 attracts neutrophils, which may 

participate in the pathogenesis of systemic sclerosis lung disease through the 

release of elastase. Elevated levels of this mediator have also been reported in a 

number of inflammatory and respiratory diseases associated with leukocytes e.g. 

cystic fibrosis, pulmonary fibrosis, rheumatoid arthritis, atherosclerosis and 

psoriasis (Schuerer-Maly et al. 1994).
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4.1.4 Tumour necrosis factor (TNF)
Tumour necrosis factor (TNF) is known to be an inflammatory cytokine and has 

two subtypes, TNF-a and TNF-p, also known as cachectin and lymphotoxin 

respectively. They are closely related proteins, bind to the same cell surface 

receptors and produce a vast range of similar (but not identical) effects. The major 

source of these cytokines is macrophages, but other cell types including 

monocytes, stimulated B and T lymphocytes and mast cells can also release 

them. Although many cell types have common receptors for TNF and IL-1 and 

have multiple overlapping activities, TNF does not compete with IL-1 binding to its 

receptors.

The TNF subtypes perform a central role in initiating the cascade of other 

cytokines and make up the response of the immune system to infection and 

sometimes to cancer. These responses, when they occur in an uncontrolled 

manner, may cause damage to the host. Over-production of these cytokines has 

been implicated in a number of pathological conditions including cachexia, 

autoimmune disorders and meningococcal septicaemia (Beutler et al. 1985, Wage 

et al. 1987, and Cliff 1988). TNF stimulates human vascular endothelial cells to 

release neutrophil chemotactic factors and to promote trans-endothelial neutrophil 

influx. Moreover, it stimulates phagocytosis, respiratory burst activity and 

degranulation. It also activates eosinophils (Stephens et al. 1988).

TNF has immunoregulatory activity on T cells. Normal T cells do not bind TNF. But 

upon activation TNF receptors are induced, TNF increases MHC class I and IL-2- 

dependent T cell proliferation and IFN-y production. Vascular endothelial cells are 

important targets for TNF, promoting coagulation, immunity and angiogenesis 

(Balkwill 1989). TNF has also been implicated in the remodelling of connective 

tissue through an action on fibroblasts. It induces fibroblasts to proliferate and has 

been found to be capable of stimulating collagenase and PGE2 production by 

isolated synovial cells and dermal fibroblasts. TNF-a modulates the function of a 

broad range of fibroblasts. Normal lung fibroblasts show an enhanced production 

of prostaglandin in response to TNF-a and IL-1 augments this response. The 

ability to stimulate fibroblast proliferation may play a role in the repopulating and 

tissue remodelling which occurs after inflammation. This mediator has also been
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found to induce an anti-viral state in certain fibroblast cell lines (Wileek and 

Palombella 1986, Dayer et al. 1986, Sherry and Cerami 1988).

4.1.5 Interferon gamma (IFN^)

Interferon gamma (IFN-y) is a multifactorial protein produced by activated T 

lymphocytes and natural killer (NK) cells. It is known to be both an inhibitor of viral 

replication and a regulator of numerous immunological functions. It influences the 

antibody production by B cells, upregulates MHC class I and II complex antigens 

and increases the efficiency of macrophage-mediated killing of intracellular 

parasites (Mogensen and Virelizier 1987).

IFN-y produces a variety of effects and has documented anti-viral, anti-protozoal 

and immunomodulatory activities. In monocyte/macrophages, IFN-y increases 

expression of class I antigens, increases the production of IL-1 and platelet 

activating factor, protects monocytes against lymphocyte activated killer (LAK) cell 

mediated lysis, downregulates IL-8 mRNA expression that is up-regulated by IL-2 

and with LPS induces large amounts of nitric oxide production. It also activates 

monocytes to a cytotoxic state by down regulating TGF-p receptor expression 

(Bruserud et al. 1993, Gussela et al. 1993 and Bosco et al. 1994).

IFN-y has been used in the treatment of systemic sclerosis (Hein et al. 1992, 

Kahan et al. 1989a). Recombinant IFN-y is a potent and selective inhibitor of 

collagen production by human dermal fibroblasts and scleroderma fibroblasts 

(Jimenez et al. 1984). Furthermore, IFN-y has immunoregulatory activities in 

humoral and cell-mediated immunity (Skurkovich et al. 1987). Larrabee (1990) 

and Granstein et al. (1990) also reported that local injection of recombinant IFN-y 

reduces hypertrophic scars and keloids both in linear dimensions and flattening 

the lesions. They suggested that IFN-y down-regulates collagen synthesis in these 

conditions.
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4.2 Aims of this study

Previous studies on scleroderma and keloid scarring have mentioned that altered 

level of inflammatory and immunoregulatory cytokines synthesised by peripheral 

blood mononuclear cells (PBMC) may play an important role in collagen synthesis 

(McCauley et al. 1992). These conditions are in some respects clinically and 

histologically similar to OSF. Therefore, the aim of this study was to investigate the 

levels of inflammatory and immunomodulatory cytokines synthesised both before 

and after stimulation by PBMC from patients with OSF and controls. The cytokines 

selected for this study were IL-lp, IL-6, IL-8, TNF-a and IFN-y.

The study was designed to-

1) Collect blood samples from OSF patients, their blood-connected relatives, 

and age- and gender-matched Caucasian (white) volunteers,

2) Separate mononuclear cells from the blood,

3) Stimulate cells with (a) lipopolysaccharide (LPS) (b) staphylococcal

enterotoxin A (SEA) and

4) Analyse and quantify the cytokines by an ELISA method, and compare these 

with appropriate controls.
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4.3 Materials and methods

4.3.1 Materials
4.3.1.1 Blood samples
Blood samples were collected from eleven OSF patients, seven of their blood- 

connected relatives, and eleven age- and gender-matched Caucasian (white) 

volunteer controls. The cytokines were assayed by ELISA method for cytokines 

IL-6, IL-ip, IL-8, TNF-a and IFN-y. No patient had any evidence of malignancy or 

infection, but history of OSF with limited mouth opening and other classic 

symptoms of OSF. Two OSF patients denied having chewed betel quid or any

other form of quid mentioned in section 2 3.2.2. All the volunteers were physically

fit non-chewers of betel quid and had no evidence of OSF or any infection. The 

identity of the patients and the control groups for this study is shown with "mark in 

Appendix 3.1 and a profile of them is shown in Table 4.1.

Table 4.1 Profile of OSF patients and control groups

Subjects
(number)

Gender 
Male Female

Age (Yr.) 
Median(range)

Dur. dise. (Yr.) 
Median (range)

Mouth opening(mm) 
Median (range)

Patient (11) 
Relative (7) 
Caucasian(ll)

3 8 
3 4 
3 8

51 (30-63) 
39 (25-49) 
46 (28-60)

16 (5-25) 24 (15-29)

Dur. dise. = Duration of disease

4.3.1.2 Chemicals and reagents
i) Histopaque

Ficol type 400 579 g/dl

Sodium diatrizoate 9 g/dl

ii) RPMI-1640 medium-Endotoxin tested (sterile), (Gibco, UK)

iii) 1% antibiotic solution (Penicillin, streptomycin)

iv) 10% heat inactivated fetal calf serum (PCS), (Gibco, UK)

v) Staphylococcal enterotoxin A (SEA) (Toxin technology. Sigma) 

Lipopolysaccharide (LPS)



Chapter 4. Cytokine profile_________________________________________105

4.3.1.3 Reagents for ELISA
i) Antibodies:
Coating antibody:

Immuno-affinity purified G150 BM polyclonal goat anti-IL-6, goat anti-IL-ip and 

FPLC-purified monoclonal mouse anti-human TNF-a 101-4 were kindly provided 

by Dr. Stephen Poole, NIBSC, UK. The antibodies Anti IL-6, anti-IL-ip and anti- 

TNF-a were diluted at 1 pg/ml, 5 |ig/ml and 2 pg/ml respectively in PBS. 

Antibodies anti-IL-8 and anti-IFN-y were commercially purchased from Amersham 

International pic, Buckinghamshire, UK. The dilution and coating of the plates with 

these antibodies were done according to the assay protocol with the kit.

Detecting antibody:

Biotinylated affinity-purified G150 BM polyclonal goat anti-IL-6, goat anti-IL-ip and 

biotinylated FPLC-purified polyclonal antibodies from sheep anti-human TNF-a 

serum H/34 or H/91 were kindly provided by Dr, Stephen Poole, NIBSC, UK. 

Antibodies anti-IL-6, anti-IL-ip and TNF-a were diluted at 1:1000, 1:500 and 

1:1000 respectively in wash/dilution buffer. The anti-IL-8 and anti-IFN-y antibodies 

were commercially purchased from Amersham International pic, 

Buckinghamshire, UK. The dilution and analysing method were done according to 

the assay protocol supplied with the kit.

ii) Buffers and other reagents: (All reagents and buffers were made up with 

distilled water)

Phosphate buffered saline (PBS) coating buffer: (pH 1.2-1 A)

NaCI(BDH) 8.0 g/l 0.14 M

KCI 0.20 g/l 2.7 mM

KH2PO4 0.20 g/l 1.5 mM

Na2HP04  1.15 g/l 8.1 mM

Wash/dilution buffer: (0.1% Tween, pH 7.2)

NaH2P0 4 , 2 H2O 1.9 g 0.0025 M

Na2HP0 4 , 12 H2O 13.4 g 0.0075M (if 2H2O, 6.675 g)

NaCI 146.10 g 0.50 M

Made up to 5 L with distilled water and pH to 7.2 with NaOH. 5 ml Tween 20 was 

added after adjusting pH to avoid froth during mixing.

Substrate buffer: (0.1 M citric acid-phosphate buffer) pH 5.0
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Citric acid, H2O 7.30 g/l 0.0347 M 

Na2HP0 4 .2 H20  11.87g/l 0.0667M (Na2HP0 4 ,9.47g)

pH to 5.0 with NaOH, store at 4° C for up to 2 months 

Standards:

Recombinant human IL-6 (1.0 pg/ml in PBS/0.5% BSA), IL-ip (NIBSC 

Preparation 86/680 in 100 |il) and TNF-a (87/650 1 pg/ampoule) were collected 

from Dr. Stephen Poole, NIBSC, UK. Standards for TNF-a and IFN-y were 

supplied with the kits and diluted according to the instructions provided. 

Avian-Horseradish Peroxidase (Avidin-HRP):

Peroxidase conjugated Avid in (Egg white) for ELISA)

Stored at 4° C. Used at a dilution 1:5000 in wash/dilution buffer.

(Code P347-Dako Ltd, Denmark).

Substrate reagents:

1,2-phenylenediamine dihydrochloride (orthophenylenediamine, OPD-from 

Sigma).

0.4 mg /ml + 0.4 |il H2O2/ ml (30%) in substrate buffer.

H2SO4: 1 M H2SO4 was used to stop the enzyme reaction.

96 well plates: Immulon 4, Dynatech, UK.
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4.3.2 Methods
4.3.2.1 Cell preparation
20 mis of peripheral blood preferably using the brachial vein was obtained into 

heparinised tube from OSF patients and control groups. The samples were then 

prepared by Ficoll density gradient centrifugation method as described by Bristow 

et al. (1991). 5 ml of the blood was carefully layered on to 5 ml of Ficol-Histopaque 

1077 (Sigma) in a 18 ml Falcon tube and centrifuged at 400 g (1400 rpm) for 10 

min at room temperature. The red cells settle at the bottom, histopaque in the 

middle and serum at the top. The mononuclear cell layer stays in between the 

serum and histopaque. The cell layer was carefully separated into a Falcon tube, 

made up to 15 ml with RPMI-1640 medium with 10% fetal calf serum, 0.5% L- 

glutamate and 1% penicillin-streptomycin concentration. Centrifuged again at 

1000 rpm for 10 min at room temperature. The supernatant was discarded and 

the cells resuspended again in 15 ml of RPMI-1640 medium and centrifuged at 

1000 rpm for 10 min at room temperature. The supernatant was again discarded 

and the cells adhered at the bottom of the Falcon tube was collected for protein 

preparation.

4.3 2.2 Processing of cells for protein preparation
5 mis of RPMI-1640 media was added to each of the Falcon tubes containing cells 

and stirred with a fine pipette to scatter the cells in the media. The cells were 

counted after pouring 100 \i\ of cell-containing medium onto the coverslip of a 25- 

squared glass plate. The cell-containing medium was then rediluted up to 1 million 

cells per ml. Then 3 mis of diluted medium was transferred to each of four 5-ml 

universals. In three of them stimulating agent was added at a concentration 

mentioned below and the fourth one was a control sample without stimulating 

agent. The stimulating agents were lipopolysaccharide (LPS) Ipg/ml and 

staphylococcal enterotoxin A (SEA) O.lpg/ml. The cells were then cultured in a 

24-well tissue culture plate selecting three wells for each group and one ml in 

each well for 48 hrs at 37°C in 5% CO2, 95% air. At the end of the incubation the 

cells and the medium was removed, centrifuged at 1000 RPM for 10 min at 5°C. 

The supernatant was collected and stored at -20°C until assay by an ELISA for 

cytokines.
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4.3 2.3 ELISA for cytokines

4.3.2.3.1 ELISA for IL-1 p

Microtitre plates (Immulon 4, Dynatech) were coated with 100 pi of immuno-affinity 

purified goat polyclonal anti-human IL-lp antibody (Rafferty et al. 1991) at a 

dilution of 5 pg/ml in phosphate buffered saline (pH 7.2). Plates were incubated 

overnight at 4°C. The wells were then decanted and washed with 0.01 M 

phosphate / 0.05M NaCI buffer (wash/dilution buffer, pH 7.2) containing 0.1 %

(VA/) Tween 20. Serial dilutions of standard IL-ip (preparation 86/680; NIBSC)

were then added, at a concentration range of 0-8 ng/ml, 100 pi to each well and a 

zero standard was also included (i.e. just wash/dilution buffer). The supernatants 

(samples) to be tested were added (100 pi to each well) to the remaining wells. 

Plates were incubated for 2 hr. at room temperature and washed 3 times with 

wash/dilution buffer. Then 100-pl biotinylated immuno-affinity purified polyclonal 

goat anti-IL-ip antibody at a dilution 1:500 was added to each of the wells and 

incubated for further 1 hr at room temperature. The plates were washed three 

times and 100 ml of a 1: 5000 dilution of Avidin-HRP was added into each well. 

Plates were then incubated for 15 min at room temperature before washing 3 

times with wash/dilution buffer. Colour was then developed by the addition of 100 

pi of 0.2 mg/ml orthophenylenediamine (OPD, Sigma) in 0.1 M citric acid- 

phosphate buffer pH 5.0 plus 0.4 pl/ml 30% H2O2 (Sigma) in each well and 

incubated in the dark for 15-30 min. The reaction was terminated by the addition 

of 150 pi of 1.0 M H2SO4 to each well, and the absorbence was measured on a 

492 nM Titretec Multiscan spectrophotometer.

4.3 2.3.2 ELISA for IL-6

The assay of IL-6 used a similar protocol to the IL-lp assay with the following 

modifications. Microtitre plates were coated with immuno-affinity purified goat 

polyclonal anti-IL-6 antibodies at Ipg/ml. Seven serial dilutions of standard IL-6 

(human recombinant IL-6, NIBSC: 88/514) were used, lOOpI to each well and a 

zero standard was also included (i.e. wash/dilution buffer). The detecting antibody 

was biotinylated immuno-affinity purified polyclonal anti-IL-6 antibody, used at a 

dilution of 1:1000. The remaining procedures were the same as the IL-lp assay.



Chapter 4. Cytokine profile_________________________________________109

4.3.2.3 3 ELISA for IL-8 and IFN-y

A commercially available assay kit was used (Amersham International pic, 

Buckinghamshire, UK) for the Immuno-assay of IL-8 and IFN-y. The assay is a 

solid phase ELISA, which employs the quantitative ‘sandwich’ enzyme 

immunoassay technique. Test samples used in these assays were diluted with the 

diluent supplied with the kit at dilution of 1:10 for IL-8 and 1:1.5 for IFN-y. Then the 

assay methodology was fully followed according to the assay protocol supplied 

with the kit. After assaying, the absorbance of the cytokines was measured on a 

492 nM Titretec Multiscan spectrophotometer and the results were calculated.

4.3.2.3 4 ELISA for TNF-a

Microtitre plates were coated with mouse monoclonal antibody to human TNF-a at 

a concentration of 2 |ig/ml in PBS coating buffer at pH 9.6 (Meager, personal 

communication). These plates were allowed to incubate overnight at 4°C. The 

TNF-a standard (International standard for TNF-a NIBSC, 87/650) was diluted in 

PBS plus 1% bovine serum albumin (BSA) at a concentration range of 10-10,000 

pg/ml. A zero standard (wash/dilution buffer) was also included. The samples 

were diluted 1:10 with wash buffer. After washing the plates three times with wash 

buffer the following day, the standards and the samples were aliquoted into the 

wells and incubated for 4 hr. at 37°C. Then 100 pi biotinylated sheep polyclonal 

anti-TNF-a antibody at a dilution 1:1000 was added in each well followed by three 

times washing of the plates with was buffer. The plates were incubated for 2 hr at 

room temperature. The plates were washed again three times with wash buffer 

and Avidin-HRP at a dilution of 1:4000 was added to each well and incubated for 

15 min at room temperature. The plates were then washed and the substrate 

OPD was added to develop the colour in the dark for 15 min. The reaction was 

terminated by addition of 1 .OM sulphuric acid and the absorbance for each well 

was monitored on a plate reader at 492 nM.
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4.3 2.4. Calculation of the results
In each experiment standards, controls and test samples were used in duplicate. 

To obtain the unknown concentration of the test samples the following 

methodology was used. The average of the duplicate optical readings for the zero 

standardGwas subtracted from the average of the duplicate values for each 

standard of different concentrations each time. A curve for the concentrations of 

the standards versus the optical density of the standards was plotted using 

Cricketgraph software. Then a best fit curve was plotted by log transposition of 

both concentrations and optical densities. Polynomial analysis method was used 

for the log transposition and the formula obtained from this calculation was used 

for the calculation of the unknown test samples. One of the typical curves drawn 

for this studies is shown here (Figure 4.1).

y = 233.703x  ̂- 479.294x2 + 762.639x - 22.029 = 1.000

10000

1000 -

O)

0.1 1 100.01

Abs 492nm

Figure 4.1. Graph shows a typical standard curve for cytokine ELISA (IFN-y) plotting optical 
density against concentration and a best fit curve by log/log transposition of both 
concentrations and optical densities, and the formula derived from this curve to 
calculate test cytokine concentration.
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4 3.2.5 Statistical analysis
The difference between any two means of the cytokine levels was tested by the 

Student-Newman-Keuls multiple range test with a significance level of 0.050 in 

all the comparisons. This test is one of the packages of analysis of variance that 

has the advantage of investigating differences between any two variants, either 

within the unstimulated or stimulated groups or between the unstimulated and 

stimulated levels.
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4.4 Results

4.4.1 Interleukin-1 p

There was a significant difference in synthesising IL-1 p by the stimulated PBMC of 

patients (p<0.050) compared to the unstimulated. The mean of the IL-ip was 

1063 pg/ml in unstimulated to 3906 pg/ml in the stimulated PBMC of patients. The 

relative and the Caucasian control groups did not show significant difference 

between unstimulated and stimulated PBMC in synthesising IL-lp.

The levels of cytokines synthesised by the unstimulated PBMC did not show 

significant difference between any two groups. But the comparison for the same 

cytokines synthesised by the stimulated PBMC showed that the patient group 

synthesised significantly more IL-lp compared with the Caucasian control group 

(p<0.050) with a mean 3906 pg/ml in the patient and 557 pg/ml in the Caucasian 

control group. The other groups did not show significant difference in the 

stimulated condition (Figure 4.2 and Appendix 4.1). A summary of the 

comparisons for the cytokines synthesised by unstimulated and stimulated 

PBMCs is shown in Table 4.2.

IL-1 p by PBMC
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Samples for study

PU = Patient unstimulated RU = Relative unstimulated 
PS = Patient stimulated RS = Relative stimulated

CU = Caucasian unstimulated 
CS = Caucasian stimulated

Figure 4.2 Levels of IL-1p synthesised by unstimulated and stimulated PBMCs in the patient,
relative and Caucasian control groups
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4.4.2 Interleukin-6
When the cytokine levels synthesised by unstimulated and stimulated PBMC of 

the three study groups were compared, it showed that both patient and relative 

groups synthesised significantly more IL-6 compared to the unstimulated and 

stimulated Caucasian PBMC (p<0.050). The mean concentration of IL-6 

synthesised by the unstimulated PBMC of the patient and relative groups was 

854 pg/ml and 207 pg/ml and by the stimulated PBMC 3104 pg/ml and 2867 

pg/ml respectively. The Caucasian control group did not show significant 

difference between the unstimulated and stimulated levels of this cytokine.

There was no significant difference between any two groups in synthesising IL-6 

by unstimulated PBMC. The stimulated PBMC from patients synthesised 

significantly more IL-6 compared with relatives and Caucasian control groups (p< 

0.050). The mean level of IL-6 was 3104 pg/ml in the patients compared to 2867 

pg/ml and 345 pg/ml in relatives and Caucasian control groups respectively 

(Figure 4.3 and Appendix 4.2). A summary of the comparisons for the cytokine 

groups is shown in Table 4.2.

IL-6 by PBMC
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PU = Patient unstimulated RU = Relative unstimulated 
PS = Patient stimulated RS = Relative stimulated

CU = Caucasian unstimulated 
CS = Caucasian stimulated

Figure 4.3 Levels of IL-6 synthesised by unstimulated and stimulated PBMC of the patient, relative
and Caucasian control groups
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4.4.3 Interleukin-8
Comparison within the groups shows that the patients group synthesised more IL- 

8 by stimulated PBMC compared to the unstimulated PBMC (p<0.050). The 

unstimulated cytokine concentration in patients with OSF ranged between 120 

pg/ml and 5880 pg/ml (mean 1437 pg/ml) compared to the stimulated range of 

1606 pg/ml and 8000 pg/ml (mean 4513 pg/ml). The other two groups did not 

show significant difference between their unstimulated and stimulated levels.

Inter-group comparisons did not show significant difference between any two 

groups for this cytokine synthesised by the unstimulated PBMC. The stimulated 

PBMC of patients showed significant difference in synthesising IL-8 compared 

with both relative and the Caucasian control groups (p<0.050). The mean 

concentration of this cytokine was 4513 pg/ml in the patient group compared to 

2586 pg/ml and 644 pg/ml in the relative and Caucasian control groups 

respectively (Figure 4.4 and Appendix 4.3). Summary of the comparisons for the 

cytokine levels is shown in Table 4.2.

IL-8 by PBMC
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PS = Patient stimulated RS = Relative stimulated

CU = Caucasian unstimulated 
CS = Caucasian stimulated

Figure 4.4 Schematic presentation of IL-8 synthesised by the unstimulated and stimulated PBMC
of patients and control groups
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4.4.4 Tumour necrosis factor-a (TNF-a)

Stimulated PBMC from patients with OSF synthesised significantly more TNF-a 

compared to the unstimulated PBMC (p<0.050) with a mean level of 452 pg/ml in 

the unstimulated and 2349 pg/ml in the stimulated PBMC. The other two groups 

did not show a statistical difference in synthesising this cytokine when 

unstimulated and stimulated cytokine levels were compared within the groups.

The unstimulated PBMC also did not show any statistical difference between any 

two groups. Whereas the stimulated PBMC from patients showed significant 

difference compared with both the relative and Caucasian control groups 

(p<0.050). The mean concentration of IL-8 was 2349 pg/ml in the patients 

compared to 1421 pg/ml and 334 pg/ml in the relative and Caucasian control 

groups respectively. The comparison between any other two groups did not show 

statistical difference in synthesising this cytokine (Figure 4.5). The levels of this 

cytokine are shown in Appendix 4.4 and a summary of the comparisons in Table 

4.2.
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CU = Caucasian unstimulated 
CS = Caucasian stimulated

Figure 4.5 TNF-a synthesised by the unstimulated and stimulated PBMC of patients and control
groups
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4.4.5 Interferon gamma (IFN^)

In contrast, when this cytokine from unstimulated and stimulated PBMC is 

compared within the groups the patient group did not show significant difference, 

but the relative and Caucasian control groups showed significant differences 

between their unstimulated and stimulated PBMC (p<0.050). The mean 

concentration of this cytokine synthesised by the unstimulated PBMC was 8 pg/ml 

in the patient, 9 pg/ml in the relative and 8 pg/ml in the Caucasian control groups. 

The levels of this cytokine synthesised by the stimulated PBMC were 148 pg/ml in 

the patient, 305 pg/ml in the relative and 424 pg/ml in the Caucasian control 

groups. These levels were significantly higher compared to the unstimulated 

levels in the relative and Caucasian control groups (p<0.050). The patient group 

did not show any significant difference for this cytokine between the unstimulated 

and the stimulated levels. The levels of this cytokine synthesised by the 

unstimulated and stimulated PBMC is shown in Appendix 4.5.

In the inter-group comparison there was no significant difference between any two 

groups for this cytokine synthesised by unstimulated PBMC. However, when 

comparing this cytokine synthesised by the stimulated PBMC, the patient and 

relative groups showed significantly reduced levels of this cytokine compared with 

the Caucasian control group (p<0.050). Figure 4.6 shows the diagrammatic 

presentation of the levels of this cytokine and a summary of the comparisons in 

the level of this cytokine in Table 4.2.
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IFN^ by PBMC
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Figure 4.6 IFN-y synthesised by the unstimulated and stimulated PBMC of patients and control 
groups

4.4.6 Summary of the cytokine assay
There was no significant difference between any two groups with respect to the 

synthesis by unstimulated PBMC of any of the cytokines assayed. The 

stimulated PBMC from the OSF patients synthesised significantly more IL-lp, 

IL-6, IL-8 and TNF-a compared to that by the unstimulated PBMC. The relative 

group showed significantly higher levels of IL-ip, IL-6 and IFN-y synthesised by 

the stimulated PBMC when compared with their unstimulated PBMC. In 

contrast, the Caucasian control group only showed a significant difference 

between the unstimulated and stimulated synthesis of IFN-y. None of the control 

groups showed a statistical difference for IL-8 or TNF-a when unstimulated and 

stimulated PBMC were compared. But a comparison amongst the groups for 

the synthesis of the cytokines by the stimulated PBMC showed the patient 

group had significantly elevated levels of IL-lp, IL-6, IL-8 and TNF-a compared 

to the relative and Caucasian control groups. However, the patients PBMC, 

when stimulated, had significant lower levels of IFN-y compared to their
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relatives and the Caucasian controls. A summary of the comparisons for the 

levels of the cytokines assayed in this study is shown in Table 4.2.

Table 4.2 Comparison of cytokines synthesised by unstimulated and stimulated PBMC of OSF 
patients and control groups

Within the group Inter-groups
Cytokines Unstimulated vs stimulated Unstimulated vs unstimulated Stimulated vs stimulated
IL-ip Patient * P vs R

Relative * NS P* vs C
Caucasian NS R vsC

IL-6 Patient * P* vs R
Relative * NS P*vsC
Caucasian NS R vsC

IL-8 Patient * P* vs R
Relative NS NS P* vs C
Caucasian NS R vsC

TNF-a Patient * P* vs R
Relative NS NS P*vsC
Caucasian NS R vsC

IFN-y Patient NS P vs R
Relative * NS P vs C*
Caucasian * R vs C*

study groups- 
Inter-groups- 
Statistical test- 
Signlficance level-

NS-

Patient =P, Relative =R, Caucasian =C 
P vs R, P vs C, R vs C 
Student-Newman-Keuls multiple range test 
0.050 in all cases
* Significantly higher within the group or than the other group 
Not significant
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4.5 Discussion

The findings of increased synthesis of the inflammatory cytokines IL-1p and IL-6 

synthesised by the stimulated PBMC of the OSF patients was similar to the 

published reports by Westacott et al. (1988) and Umehara et al. (1990) that the 

PBMC of scleroderma patients had produced higher levels of IL-lp compared to 

the control subjects. In contrast, McCauley et al. (1992) showed that stimulated 

PBMC from patients with keloids did not synthesise significantly different levels 

of this cytokine from the controls. The role of IL-1 in fibrotic disease is still not 

clear, but it is well known that IL-1 stimulates fibroblast proliferation (Schmidt et 

al. 1982) and prostaglandin synthesis which is involved in both matrix 

breakdown and synthesis (Klein and Raisz 1970, Ueda et al. 1980). 

Furthermore, it is well documented that IL-1 stimulates fibroblasts to synthesise 

collagen, and tissue inhibitor of matrix metalloproteinases (TIMP) which inhibits 

collagen breakdown by inhibiting the production of degradative enzymes.

The results of this study also showed increased evidence of IL-6 synthesised by 

the stimulated PBMC from OSF patients which is similar to the results for this 

cytokine synthesised by PBMC of patients with keloid and scleroderma 

(McCauley et al. 1992, Crestani et al. 1994). This overproduction of this 

cytokine by PBMC and blood lymphocyte (Kahaleh and Yin 1992) and 

scleroderma fibroblasts (Feghali et al. 1992) may be an important contributing 

factor to the pathogenesis of fibrotic diseases.

Similarly, an increased production of IL-8 was observed in the stimulated PBMC 

of OSF patients and Reitamo et al. (1993) and Crestani et al. (1994) supported 

this result in that the PBMC from scleroderma synthesised more IL-8 than that 

by the controls.

Comparable results were also obtained for TNF-a, with increased levels of this 

cytokine synthesised by the stimulated PBMC of OSF patients. McCauley et al. 

(1992) also showed that the stimulated PBMC of patients with keloids 

synthesised significantly more of this cytokine than that by the controls. 

Thornton et al. (1990) mentioned that TNF-a has a dual role in fibroblast 

proliferation and inhibition of proliferation. They found that low concentration of
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this cytokine stimulates the proliferation and high concentration inhibits the 

proliferation of fibroblasts. Similar function was also observed for collagen 

synthesis in fibrotic diseases (Kovacs 1991).

In contrast to the pro-inflammatory cytokines, there was no significant difference 

in synthesising the immunomodulatory anti-fibrotic cytokine IFN-y between the 

unstimulated and stimulated PBMC of the patients. But there was a difference 

between unstimulated and stimulated IFN-y for the relatives and Caucasians. 

When comparing between the groups for IFN-y synthesis by the unstimulated 

PBMC, there was no statistical difference between any two groups. But it is 

significant that stimulated PBMC of the Caucasian control group synthesised 

significantly more of this cytokine than the relatives and the patient groups. 

McCauley et al. (1992) in a study of keloid patients also reported reduced levels 

of IFN-y where the levels of IFN-y were significantly lower than that in the white 

controls.

4.6 Conclusion

The results of this study show clearly that the OSF patients synthesise more 

inflammatory cytokines IL-ip, IL-6, IL-8 and TNF-a compared to the Caucasian 

control group on stimulation. The patients with OSF also produce less IFN-y 

both by the unstimulated and stimulated PBMC than Caucasian controls. 

Previous studies have suggested that altered levels of these pro-inflammatory 

and anti-fibrotic cytokines may play an important role in the pathogenesis of 

fibrotic diseases like keloids and scleroderma, it may also be assumed a similar 

mechanism plays a part in the pathogenesis of OSF. It is further assumed that 

the net increase in the synthesis of IL-6, IL-lp, IL-8 and TNF-a and reduced 

synthesis of IFN-y may therefore reflect the reduced breakdown, increased 

deposition of collagen leading to OSF.
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Chapter 5 
The effect of IFN^ 

on collagen synthesis in vitro

5.1 Introduction

The major component of most connective tissue is collagen and almost 30 

different collagen isotypes exist (Mays and Laurent 1994). Type I is the major 

component and type III is the second most predominant. Acquired diseases 

involving connective tissues are generally associated with alterations in the total 

amount of collagen as well on the ratio of these types. Type VI is present in 

several cell types, including smooth muscle cells, fibroblasts and certain tumour 

cells that synthesise this type of collagen. Ultra-structurally type VI collagen is 

found associated with cell surfaces and adjacent to cell membranes. It is found 

in close apposition to other interstitial collagen fibres, hence may also have a 

binding function. The quantity and distribution of type VI collagen may be 

affected by fibro-proliferative states such as hypertrophic scars that may contain 

elevated levels of this collagen.

Cells release chemical mediators or communicate via cell-cell interactions in a 

manner similar to that found with hormones or electrical stimulation. In 

pathological conditions such as fibrosis, a variety of loosely related biochemical 

signals are emitted from various cell types and tissues including the coagulation 

system, inflammatory cells and immunologic processes. The variety of cellular 

and tissue responses become integrated to produce a composite end result, 

namely altered and/or excess interstitial collagen accumulation as seen in 

fibrosis or scar formation. To some extent, pathogenesis in different fibrotic 

diseases is related to either excess collagen accumulation, altered distribution 

of specific collagen types, or tissue dysfunction, which occurs when normal 

tissue architecture is disrupted, thereby impairing physiological function. 

Narayanan et al. (1989) mentioned that there are two factors that significantly 

alter and influence the manner of the fibroblast responds are i) growth factors 

and ii) mediators of inflammation.
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Serum platelet derived growth factor and transforming growth factor beta 

stimulate fibroblasts to synthesise more collagen whereas IFN-y and 1L-Ip 

cause inhibition.

The interaction between fibroblasts and these regulatory mediators may be 

selective for certain diseases like fibrosis. Therefore, the types and 

concentrations of these molecules, which vary at different stages of 

inflammation are likely to determine the progression of events from 

inflammation to repair, and aberration of this process could affect normal 

collagen formation and may result in pathological conditions such as 

scleroderma, atherosclerosis, cirrhosis and OSF.

5.2 Aims of this study 

The aims of this study are to-

1) Investigate the effects of the areca alkaloid- arecoline on collagen 

synthesis by OSF fibroblasts,

2) Investigate the effects of IFN-y on collagen synthesis by OSF fibroblasts 

and

3) Investigate the effects of IFN-y on collagen synthesis by arecoline- 

stimulated OSF fibroblasts.
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5.3 Materials and methods

5.3.1 Materials
5.3.1.1 Tissue culture materials
Tissue culture materials were obtained from Gibco Ltd (Paisley, Scotland) and 

the disposable plastic culture items were obtained from Sterilin (Feltham, 

England) unless otherwise stated.

A. Tissue culture medium-

Dulbeco’s Minimum Eagles Medium (DMEM):

DMEM was supplemented with the following-

i) 10% foetal calf serum (PCS) (virus and mycoplasma screened)

ii) L-glutamate- 2.0 mmole/ml

iii) Penicillin and streptomycin- lOOU/ml

B. Transport medium for tissue specimens: Hank’s balanced salt solution:

This solution was used as a transport medium for the OSF tissue specimens 

obtained by biopsy from affected volunteers. The solution was ten times diluted 

(single strength) with double-distilled deionised water and supplemented with 

the following:

i) Sodium bicarbonate- 0.45 g/l

ii) Penicillin and streptomycin- lOOU/ml

0. Sub-culturing solution:

Sterile trypsin solution: Sterile trypsin was brought in lyophilised form, and was 

reconstituted to 2.5% (W/V) and stored at -20° 0. Prior to use, the solution was 

ten times diluted (single strength) in phosphate buffered saline (PBS) and 

stored at 4° 0.

D. Phosphate Buffered Saline (PBS): PBS was constituted with the following:

i) Potassium chloride- 200 mg/l

ii) Potassium biphosphate- 200 mg/l

iii) Sodium biphosphate- 1.15 mg/l

iv) Sodium chloride 8.00 mg/l

V ) pH 7.60
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5.3.2 Methods
5.3.2.1 Culture of OSF fibroblasts
16 OSF incisional biopsies were used for the culturing of fibroblasts (*patients in 

Appendix 3.1). The specimens were transferred to single strength Hank’s 

solution and transported to the laboratory immediate after obtaining for 

culturing. The specimen was minced with two No. 23 scalpel blades into 

fragments approximately 1 mm^ and 10-12 of these were placed on the culture 

surface of a 25 cm culture flask with 1.5 ml DMEM supplemented with PCS, 

glutamate, penicillin and streptomycin. The medium was added so that it 

covered the tissue pieces and allowed them to remain in contact with the culture 

surface. Fungizone (anti-fungal agent) was added to culture medium with a 

concentration 5 pg/ml to minimise the risk of yeast and fungal contamination. As 

soon as cell growth was established (2-3 days), the medium was replaced with 

5 ml of DMEM with 10% PCS per flask. The cells were fed with this medium 

twice a week. The fibroblast cell lines were used for experimental purposes 

from passage 4 -12, by which time the kératinocytes are known to have died.

5.3.22 Subculturing
Cell suspensions for both subculturing and experimental cultures were prepared 

by trypsinisation. The culture medium was removed and cell layer washed with 

1.0 ml of 0.25% (single strength) trypsin in PBS. Excess trypsin was removed 

leaving only a thin film covering the cell layer and the flask was incubated for 20 

min at 37° 0  in an incubator (5% CO2, 95% O2). The process was arrested by 

adding 1.0 ml DMEM containing 10% PCS into the flask and single cell 

suspensions were obtained by vigorously pipetting the cell clumps through a 

finely-drawn Pasteur pipette several times. The cells were counted by 

haemocytometer, and either placed into two new flasks at 10° cells per flask or 

used for experimentation. Cell growth was routinely examined using a phase 

contrast microscope (Olympus, Japan).

5.3.2.3 Collagen synthesis by fibroblasts
Trypsinised fibroblast suspensions were seeded into 96-well culture plates 

(Microtitre Linbro) at concentration of 15,000 cells/ well in 100 pi of MEM with 

10% PCS and left overnight to attach. The culture media were then replaced
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with fresh MEM supplemented with 10% PCS, containing arecoline or insulin 

(Sigma) with or without IFN-y, in groups of 6 wells per concentration. Control 

cultures received only unsupplemented medium. The cells were incubated for a 

period of 24 hr. 5pCi/ml of ^H-proline was added for the last 6 hours of 

incubation.

Collagen production was estimated by the incorporation of tritiated proline, 

which was measured by the pepsin extraction method of Webster and Harvey 

(1979) as follows; the culture media were placed in LP3 tubes with lOOpI of Img 

/ ml pepsin in 1M acetic acid. The tube was incubated for 16h at 4°C. At the end 

of the incubation period 100 pi 1 mg/ml rat acid-soluble collagen (RASC) was 

added as a carrier and the volume in each tube was made up to 1ml with 0.5M 

acetic acid. Collagen was precipitated from solution by the addition of 5% (w/v) 

NaCI and incubation for 2h at 4°C. The precipitate was centrifuged, redissolved 

in 0.5M acetic acid and then reprecipitated with 5% NaCI. The final collagen 

pellet was dissolved in 0.5M acetic acid, mixed with 3 ml scintillant (Unisolve 1: 

Koch Light) and the radioactivity measured as disintegrations per minute (DPM) 

by scintillation spectrometry on an LKB Racbeta scintillation counter with 

external standardisation.

5.3.2 4 Substances tested for fibroblast stimulation
A. Insulin was used because it is known to stimulate osteoblasts to produce 

excess collagen. It was added to the wells at four different concentrations 

ranging from 0.001 u/ml to 1.0 u/ml to compare its effect with arecoline.

B. Arecoline, which has been shown to stimulate fibroblasts to produce 

excess collagen (Harvey et al. 1986). The arecoline was used at four 

different concentrations ranging from O.ipg/ml to 100.0 pg/ml.

C. IFN-y was the substance being tested and it was the subject of interest to 

determine-

i) Whether it reduces collagen synthesis by OSF fibroblasts alone,

ii) Whether it inhibits collagen synthesis by arecoline- and insulin- 

stimulated OSF fibroblasts. The concentration of IFN-y for the above 

experiments ranged from 0.01 u/ml to 10.0 u/ml.
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5.4 Results

5.4.1 Insulin
This experiment was carried out to investigate the ability of OSF fibroblasts to 

be stimulated. As insulin is known to stimulate collagen synthesis by connective 

tissue cells, it was used as a positive control. The concentrations of insulin used 

ranged from 0.001 U/ml to 1.0 U/ml. Following the estimation of collagen 

produced, it was found that insulin-stimulated OSF fibroblasts produced 

collagen in a dose-dependent pattern. The statistical analysis (Student’s t test) 

showed that the results were significant compared to controls (p<0.05) across 

the entire dose range (Table 5.1, Figure 5.1).

Table 5.1 Effect of insulin on collagen synthesis by OSF fibroblasts

Sample + insulin (U/ml) Mean SD p value
Sample only (control) 35,665 2113
Sample + 0.001 40,422 1417 <0.01
Sample + 0.01 53,434 3320 <0.05
Sample+ 0.1 66,983 3163 <0.05
Sample +1.0 73,928 3426 <0.05

• Results shown here are the mean of the mean of six wells of each concentration of six patients, 
standard deviation (SD) and significance value (p) compared to controls (Student’s f test)

Effect of insulin on collagen synthesis
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0.1

80000

70000

60000

50000
D)

40000

30000

* Concentration of insulin showed significant difference at concentrations 0.001 U/ml (p<0.01) and 0.01, 0.1 and 
1.0 U/ml (p<0.05)

Figure 5.1 Effect of insulin on collagen synthesis by OSF Fibroblasts
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5.4.2 Arecoline

The concentration of arecoline tested ranged from 0.1 |ig/ml to 100 ^ig/ml. In 

this experiment it was found that arecoline was capable of stimulating OSF 

fibroblasts to produce excess collagen in a dose-related way up to 10 )ig/ml and 

there was inhibition at 100 pg/ml. The statistical analysis showed that the 

stimulation at a concentration of 1 ng/ml and 10 pg/ml was significant (p< 0.05) 

only, (Table 5.2 and figure 5.2).

Table 5.2 Effect of arecoline on collagen synthesis by OSF fibroblasts (compared to controls, 
used Student’s f test)

Sample + arecoline (ng/ml) Mean SD p value
Sample only (control) 50,627 2058
Sample + 0.1 50,022 958 0.52
Sample +1.0 61,513 2926 <0.05
Sample +10.0 79,177 2059 <0.05
Sample +100.0 48,427 1490 0.06

Results shown here are the mean of the mean of six wells of each concentration of six patients, 
standard deviation (SO) and significance value (p) compared to controls (Student’s f test)

Effect of arecoline on collagen synthesis
90000 1

80000 -

70000 -

>*
60000 -

G)

50000 -

40000 1

0 0.1 1 10 
Concentration of arecoline (^g/mi)

100

• * Concentration of 1.0 and 10.0 jig/ml showed significant result with p< 0.05. 

Figure 5.2 Effect of arecoline on collagen synthesis by OSF fibroblasts
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5.4.3 Interferon gamma (IFN^)

As IFN-y is known to be an anti-fibrotic agent (Kahan et al. 1989a), the 

experiment was carried out in order to determine whether it has any effect on 

collagen synthesis by OSF fibroblasts. It was found following statistical analysis 

that IFN-y did not affect of collagen production by unstimulated OSF fibroblasts 

of any concentration (Table 5.3 and Figure 5.3).

Table 5.3 Effect of IFN-y on collagen synthesis by OSF fibroblasts

Sample + IFN-y (U/ml) Mean SD p value
Sample only (control) 50,627 20,58
Sample + 0.01 51,465 2478 0.538
Sample +0.1 51,803 2046 0.34
Sample +1.0 50,900 2948 0.856
Sample +10.0 51,604 2225 0.447

• Results shown here are the mean of the mean of six wells of each concentration of six patients, 
standard deviation (SD) and significance value (p) compared to controls (Student’s f test)

Effect of IFN^ on collagen synthesis
60000 1

58000 -

56000 -

>%
54000 -

52000 -

50000
0.01 0.1 

Concentration of IFN^ (U/ml)

♦ There was no statistically significant differences

Figure 5.3 Effect of IFN-y on collagen synthesis by OSF fibroblasts
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5.4.4 Inhibition of collagen synthesis by IFN^

5.4.4.1 Inhibition of collagen synthesis by arecoline-stimulated OSF 
fibroblasts

Interferon gamma was then tested to determine whether it reduces the collagen 

synthesis in OSF fibroblasts that were stimulated by arecoline. The experiment 

constituted of exposing cells to arecoline at a dose 10 pg/ml and with IFN-y of 

four different concentrations from 0.01 U/ml to 10 U/ml.

The results of statistical analysis following the estimation of collagen produced 

by the arecoline-stimulated OSF fibroblasts treated with various concentrations 

of IFN-y and without IFN-y showed that arecoline-stimulated fibroblasts were 

capable of producing excess collagen as before, whereas arecoline-stimulated 

and IFN-y treated OSF fibroblasts produced decreasing amounts of collagen. 

The result was statistically significant (p<0.05) (Table 5.4, Figure 5.4).

Table 5.4 Effect of IFN-y on collagen synthesis by arecoline-stimulated OSF fibroblasts

(Sample + Arecoline 10 pg/ml) + IFN-y (U/ml) Mean SD P value
Sample only 50,652 2058
Sample + arecoline (control) 79,177 2059
Sample + arecoline + IFN-y 0.01 U/ml 67,706 2509 <0.01
Sample + arecoline + IFN-y 0.1 U/ml 60,335 2456 <0.01
Sample + arecoline + IFN-y 1.0 U/ml 55,388 2431 <0.01
Sample + arecoline + IFN-y 10.0 U/ml 48,581 1645 <0.01

• Results shown here are the mean of the mean o1 six wells of each concentration of six patients,
standard deviation (SD) and significance value (p) compared to controls (Student’s f test)
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Effect of IFN^ on collagen synthesis by 
arecoline stimulated OSF fibroblasts

90,000 -1

80,000 -

70,000 -

>«60,000 -

D)
50,000 -

40,000
101Control 0 0.01 0.1

Concentration of IFN^ (U/ml)

♦ All samples being maintained at a fixed dose of arecoline 10 (ig/ml except the control and IFN-y 
from 0.01 U/ml to 10 U/ml except control and 0.

♦ * All samples treated with IFN-y showed significant difference using Student’s t test with p<0.05

Figure 5.4 Effect of IFN-y on collagen synthesis by arecoline-stimulated OSF fibroblasts

5.4.4.2 Inhibition of collagen synthesis by Insulin-stimulated OSF 
fibroblasts

To determine whether IFN-y was capable of reducing collagen synthesis in 

fibroblasts stimulated by any known stimulant the above experiment was 

repeated, only that the arecoline was substituted with insulin.

Statistical analysis following the estimation of collagen production by the insulin- 

stimulated OSF fibroblasts treated with various concentrations of IFN-y or 

without IFN-y showed that IFN-y inhibited collagen production (p<0.05) (Table 

5.5, Figure 5.5).
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Table 5.5 Effect of IFN-y on collagen synthesis by Insulin-stimulated OSF fibroblasts

(Sample + Insulin .10 U/ml) + IFN-y (U/ml) Mean SD p value
Sample only 35,510 1886
Sample + Insulin 65,042 2676
Sample + Insulin + IFN-y 0.01 U/ml 57,389 1525 <0.01
Sample + insulin + IFN-y 0.1 U/ml 47,997 2496 <0.01
Sample + insulin + IFN-y 1.0 U/ml 38,266 3744 <0.01
Sample + insulin + IFN-y 10.0 U/ml 36,445 2143 <0.01

• Results shown here are the mean of the mean of six wells of each concentration of six patients, 
standard deviation (SD) and significance value (p) compared to controls (Student’s f test)

Effect of IFN^ on collagen synthesis by Insulin- 
stimulated OSF fibroblasts

80,000

70,000

60,000

50,000

40,000 o

30,000

20,000
10Control 0.1 10 0.01

Concentration of IFN^ (U/ml)

♦ Insulin being maintained at a fixed dose of 0.1 U/ml, while the concentration of IFN-y ranged from 0.01 
U/ml to 10 U/ml. IFN-y was added in last four groups

♦ * Showed statistically significant difference using Student’s f test with p<0.05

Figure 5.5 Effect of IFN-y on collagen synthesis by insulin-stimulated OSF fibroblasts
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5.5 Discussion

Latina et al. (1991) examined the effect of IFN-y on proliferation and collagen 

synthesis in Tenon’s capsule fibroblasts, which they believed were responsible 

for scar formation after glaucoma surgery. They found that IFN-y inhibited 

collagen synthesis and cell proliferation at a concentration of 1000 U/ml by 

about 57%. Young-Chun et al. (1991) also showed in a controlled trial in white 

rabbits that IFN-y has a similar inhibitory effect on fibroblast proliferation and 

collagen fibre synthesis. Subsequently, Nguyen et al. (1994) showed that IFN-y 

had a potent inhibitory effect on collagenous protein production and cell 

proliferation in vitro. They suggested that IFN-y is able to regulate collagen 

synthesis at the transcriptional level and as a result its inhibition is relatively 

specific.

In this study it was found that IFN-y caused a concentration-dependent inhibition 

of collagen synthesis by stimulated human fibroblasts harvested from OSF. The 

dose used was within the sub-optimal range for suppressing stimulated collagen 

synthesis as recommended by Dr. Stephen Poole of the National Institute of 

Biological Standards. No dose-response experiment was carried out on normal 

fibroblasts, as previous work had shown there was no difference in collagen 

production (Meghji et al. 1987). However, the possibility of an essential 

genotype response required the use of OSF fibroblasts. The dose-range of 0-10 

U/ml showed suppression of cell proliferation as seen in the above studies, 

which employed up to 10,000 U/ml of IFN-y. For this reason it was concluded 

that this dose-range did not inhibit unstimulated collagen synthesis.

These results support the clinical and histological studies done by Granstein et 

al. (1990) who showed that local injection of IFN-y (0.1 mg of rhIFN-y 3x a week 

for three weeks) reduced keloid scars by about 30% in all of their ten patients. 

Histological changes were also remarkable, with reduced quantity of thickened 

collagen bundles and active fibroblasts and inflammatory cells. Their in vivo 

studies in mice also demonstrated that IFN-y inhibits collagen synthesis 

associated with the fibrotic response to an implanted foreign body, bleomycin- 

induced pulmonary fibrosis and the healing response to cutaneous thermal
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burns. Similar studies done by Larrabee et al. (1990) on human hypertrophic 

and keloid scars, using intra-lesional injections of IFN-y of 0.05 mg once a week 

for 10 weeks found a significant reduction in size (at least 50%), without any 

major or serious side-effects in ten patients. They only encountered mild 

headache. Another in vitro study done by Harrop et al (1995) also supports the 

results of this study. They showed IFN-y has a down-regulatory effect on cell 

proliferation and collagen production in fibroblasts taken from patients with 

hypertrophic scars, a condition resulting from excess collagen synthesis and 

deposition within the extracellular matrix.
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Chapter 6 
Clinical trial of OSF with 

intra-lesional IFN^

6.1 Introduction

The treatment of oral submucous fibrosis (OSF) over the past decades has been 

varied and largely ineffective, and the results if any obtained were only palliative. 

Following an extensive critical review of the literature for the techniques and 

approaches towards the treatment of the condition it shows that medical 

management with local injections of dexamethasone alone or in combination with 

hyaluronidase and or placental extract have been found both empirical and 

unsatisfactory (Gupta and Sharma 1988). The improvement achieved was not 

substantial enough to give the patient any great relief from the debilitating fibrosis. 

Treatment with nutritional supplements such as vitamin B complex, other vitamins 

and minerals (Maher et al. 1997) have been claimed as a means of improving the 

condition. However, the patients’ management was in an uncontrolled manner 

with no objective evidence of change.

Local physiotherapy in the form of hot rinses, lukewarm water, or selective deep 

heating therapies like short-wave and micro-wave diathermy also could not prove 

any beneficial effect (Gupta et al. 1980a, Kakar 1985, Pillai et al. 1992). Physical 

therapy to open the mouth by using gags while patient was anaesthetised or 

conscious achieve only an immediate minor improvement for a short period. 

Surgical treatment with wide releasing of the fibrous bands and split thickness skin 

grafting following bilateral temporalis myotomy or coronoidectomy showed a 

partial benefit which in long run showed secondary contracture of the temporalis 

tendons leading to recurring of restricted mouth opening. Combination of surgical 

removal of fibrous bands and placement of fresh human placental grafts followed 

by local injections of dexamethasone did not prove a successful treatment 

regimen for OSF (Kakar 1985).
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It has been claimed that local injections of rhlFN-y in scarring conditions like 

keloids, hypertrophic scar, and pulmonary fibrosis in systemic sclerosis showed 

significant improvement by both clinical and histological changes in tissue 

architecture (Larrabee et al. 1990, McCauley et al. 1992). These patients also did 

not show any major side effects other than mild fever and headache. Considering 

the inadequacy and shortcomings of almost all treatment modalities employed in 

the management of OSF has prompted us to investigate the use of rh IFN-y as a 

treatment regime.

6.2 Aims of this study

The aim of this study was to investigate whether intra-lesional injection of rhIFN-y 

reverses the fibrosis in OSF with significant improvement in the mouth opening 

and alteration in the tissue architecture without any side effects. We also aimed to 

investigate the alteration in the local cell infiltrates and cytokines after the 

treatment with rhIFN-y.

This study included:

* Recruitment of OSF patients for intra-lesional injection of 50pg rhIFN-y twice a 

week over eight weeks (total 15 injections) together with stretching exercises,

* Analysis of the improvement of their mouth opening,

* Other oral symptoms and

* Side effects and or complications if any.
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6.3 Patients and materials

6.3.1 Patients
Fifty-two OSF patients from the previous hospital records of Eastman Dental 

Hospital and new referrals to the consultant clinics during the period of June 1993 

to September 1995 by general medical and dental practitioners in the UK were 

invited for examination and investigation to include them in this clinical trial. After 

clinical examination, twenty-nine of them who fulfilled the diagnostic criteria of 

OSF (Chapter 2 section 2.3 2.2) were included in this trial; although three of them 

had mouth opening >30 mm but other oral symptoms- burning sensation, 

blanching of the mucosa were quite evident to include in this study. Patients with 

blood disorder, serological, hepatic and renal abnormality, myocardial infarction, 

angina pectoris, and pregnant female were not included in this study. Some of the 

patients fulfilled the selection criteria but due to their personal inconveniences 

could not join the trial. Identity of the patients included in this study is shown in 

Appendix 3.1 and a profile of their clinical status is shown in Table 6.1.

Table 6.1 Profile of OSF patients

Subjects for 
study = No.

Gender 
Male Female

Age (Yr.) 
Median (range)

Duration of disease 
Median (range)(Yr.)

Opening (mm) 
Median (range)

Screened = 52 23 29 49 (16-68) 10 (1-30) 26.0 (1140)
Treatment = 29 11 18 48 (16-68) 15 (1-30) 20.0 (11-35)

6.3.2 Recombinant human interferon gamma (rhlFN^)

Recombinant human interferon gamma (rhIFN-y) commercially known as 

“Immukin” was kindly donated by the pharmaceutical company Boeringer 

Ingelheim Ltd for this study. 100 pg rh IFN-y - ip  (equivalent to 3 x 10® lU) dissolved 

in 0.5 ml of isotonic solution (pH 5.0 ± 0.5) was supplied in vials. The vials were 

stored at 2-8°C until use till the expiry date. Pharmacokinetics of immukin showed 

that this drug is rapidly cleared after intravenous administration, and slowly and 

well absorbed after intra-muscular or subcutaneous administration. Clearance of 

the drug is via the liver and kidney. The recommended dose of immukin by the 

manufacturer for chronic granulomatous disease is 50pg/m^ or 1.5 pg/kg/dose for 

patients whose body surface area is 0.5 m^ or less, to be given by subcutaneous
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injection three times a week. The following formula is been used to calculate 

appropriate doses according the body surface area-

S = 0.007184 X H X 

Where, S = body surface area in 
H = height in cm and 
W = weight in kg.

The mean elimination half-lives of immukin are 38 min, 174 min and 354 min after 

administration of a single lOOpg/m^ injection by intravenous, intra-muscular and 

subcutaneous routes. Peak plasma concentration occurs approximately 4 hr after 

intra-muscular dosing and 7 hr after subcutaneous dosing. Multiple consecutive 

subcutaneous injections of rh IFN-y (immukin) do not accumulate in the body. 

Pharmacokinetic studies showed that there was no accumulation after 12 

consecutive daily injections of lOOpg/m^ (Boehringer Ingelheim data sheet, 

September 1992).

6.3.3 Chemistry clamp and other materials
One-ml injection syringes and 10 mm sterile hypodermic needles were 

commercially purchased from Plastipak and Emia (Eutectic Mixture of Local 

Anaesthetics) from Astra, UK respectively. 4-mm punch biopsy was purchased 

from Stiefel, Germany. Mouth stretching device (Chemistry clamp) was obtained 

from the Maxillofacial Technology laboratory of this Department (Figure 6.1).
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m

Figure 6.1. Chemistry clamp (Instrument for mouth stretching)
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6.4 C lin ica l trial

6.4.1 Clinical examination and investigations

Prior to treatment with rh IFN-y all patients were screened for general medical and 

dental problems. They were examined clinically to investigate the severity of their

mouth problems such as limitation of mouth opening, fibrous bands in the cheek

and other classic features of OSF. Mouth opening was recorded from the incisal 

edge of one of the lower central incisor to the incisal edge of the corresponding 

upper central incisor of each patient.

Blood investigations for haematological, renal and electrolyte profiles and 

autoantibody screening were done for every patient. Abnormalities such as low 

haemoglobin level were treated prior to the injections. Similar investigations 

except for autoantibody screening were also done after completion of the 

treatment.

Two 4-mm punch biopsy specimens prior to treatment and one specimen after 

treatment with intra-lesional rhIFN-y were obtained from the palpable fibrous band 

area in the cheek of each patient (Figure 6.2). One of the specimens obtained 

before treatment was processed for histological confirmation of the diagnosis and 

the other for immunohistochemical studies, and the specimen obtained after 

treatment was processed for immunohistochemical studies only (Chapter 7 

Section 7.4). Biopsy sites were dressed with a local application of Adcortyl in 

Orabase; Squibb (Triamcinolone acetonide ointment) three times a day for three 

consequent days in order to protect the biopsy sites from mechanical irritation. 

The results of the immunohistochemical studies both before and after treatment 

with rhIFN-y are described in Chapter 7 Section 7.5.

6.4.2 Injections of rhlFN-7

The protocol of this study was approved by the ethical committee of the Eastman 

Dental Institute for Oral Health Care Sciences and the committee for Safety of 

Medicines. All patients were informed verbally and with a written information sheet 

about treatment (Appendix 6.1). Prior to injection of rh IFN-y patients gave written 

informed consent for all the procedures regarding the treatment of the condition
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(Appendix 6.2). Each patient received an intra-lesional injection of 0.25-ml (50 p.g) 

rhIFN-y (Immukin) after local application of EMLA with cotton wool roll for fifteen 

min. The Injection was given in three different locations along the fibrous band in 

each cheek twice a week for over eight weeks (total 15 injections). The injection 

sites were recorded in a mouth sketch with a pre-made rubt>er stamp (Figure 6.2). 

Prior to injection, 1 g of soluble aspirin was given to every patient to prevent post

injection side effects such as flu-like symptoms, myalgia and headache.

Figure 6.2 Intra-oral mouth sketch shows site of injections (red crosses) and biopsy sites (circle) in 
the cheek

6.4.3 Mouth stretching with chemistry clamp
Mouth stretching of each patient was done prior to injection two times In each visit. 

Each time stretching was carried out with the two beaks of the chemistry clamp on
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the occlusal surfaces of the lower premolar teeth on each side and one on the 

anterior hard palate. The clamp was screwed to the opening limit of the mouth, 

and then tightened further one turn of the screw. In tighten and stretched position 

the clamp was left for two minutes. Then with an interval of three minutes, the 

procedure was repeated twice. After three minutes of mouth stretching, rh IFN-y 

(Immukin) was injected. One chemistry clamp was supplied to each patient to take 

home and carry out the same exercise three times a day.

6.4.4 Recording of the improvements
Mouth opening was recorded prior to starting the injection course and each time 

before mouth stretching and IFN-y injection. At every visit, improvement of 

mouth opening was recorded in terms of the inter-incisal distance. Initial mouth 

opening, any weekly improvement, and the status immediately after and six 

months after completion of the treatment were recorded. Improvement in taste 

and burning sensation were also recorded immediately after and six months 

after completion of the treatment by a visual analogue scale described below.

6.4.5 Follow-up
All patients were monitored for the improvement of their mouth opening and other 

mouth problems after treatment. Immediately after the series of injections, and six 

months after completion of the treatment, each patient was given a self

administered questionnaire to assess the improvement or deterioration of the oral 

symptoms (such as burning sensation and diminished taste). The questionnaire 

contained a visual analogue scale (VAS) of eight grades; zero to four on the right 

side were positive and zero to four on the left side were negative, i.e. -4, -3, -2, -1, 

0, 1,2, 3, 4. Positive grades indicated improvement and negative deterioration of 

the oral symptoms. Each grade denoted 25% making a total of 100%. The 

patients graded the scale in the questionnaire and the results were analysed for 

the assessment of changes. Any adverse event experienced by them during 

treatment was recorded in each session. Immediate follow-up of each patient for 

an hour after each injection and six months after completion of the treatment with 

rh IFN-y was done to investigate whether there was any short- or long-term side 

effects or complications.
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6.5 Results

6.5.1 Clinical examination
The results of the initial clinical examination showed that 26 (90%) out of 29 

patients had difficulty in chewing due to their limited mouth opening. Of them 21 

(73%) had mild and five (17%) had moderate degree of difficulty in chewing. Three 

of them (10%) did not have difficulty in chewing. All patients had complaints of 

burning sensation in the oral mucosa, predominantly in buccal mucosa and 

tongue, even with mild food, and of diminished taste. Among them five (17%) had 

complaint of mild degree of burning sensation, 11 (38%) had moderate and 13 

(45%) had severe burning sensation. 17 (59%) patients complained of mild loss of 

taste, 11 (38%) had a complaint of moderate degree of loss of taste and only one 

person (3%) complained of severe loss of taste. The results of the initial 

examination of the patients are shown in Appendix 6.3 and a summary in Table 

6 .2 .

On further examination it was observed that all patients had cheek involvement 

with moderately tender and leathery texture of the mucosa. The patients with 

restricted mouth opening had firm and thicker cheek mucosa than the non

restricted mouth opening patients. Palpable fibrous bands of different thickness 

and rigidity were found underneath the cheek mucosa in all patients. Of them four 

(14%) showed mild degree of involvement in the cheek, 21 (72%) had moderate 

and four (14%) had severe degree of involvement in the cheek. Involvement of 

soft palate was relatively less than the cheek mucosa. Twelve (41%) were found 

to have involvement of their soft palate with a moderate degree of fibrosis and 

blanching. Anterior pillar of the fauces and pterygomandibular raphe involvement 

was also found in seven (24%) patients with a mild degree of involvement. None 

was found with severe fibrosis in the fauces and retromolar area. Similarly 

blanching of cheek and lip mucosa was also a common feature of all patients in 

this study. Seventeen (59%) of them were found with mild degree of blanching of 

their cheek and lip mucosa, nine (31%) with moderate degree and three (10%) 

with severe degree of blanching of the cheek and lip mucosa.

Mouth opening profiles of the patients showed that 26 (90%) of the patients had 

restricted mouth opening (<30 mm inter-incisal distance). The restricted mouth
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opening was due to vertical fibrous bands in the cheek against the molar teeth 

and in the retromolar region. Three patients had >30 mm mouth opening, but they 

had other oral symptoms of OSF such as severe burning sensation in the oral 

mucosa along with blanching of the mucosa and diminished taste. The mean 

inter-incisal distance was 21.4 mm. The analyses of duration of the condition 

revealed that the patients were suffering for a mean period of 16 years (mean ± 

SD, 16 ± 11 years) with a range of 29 years, between one and 30 years. The 

results of the clinical examination are shown in Appendix 6.4 and a summary in 

Table 6.2.

Table 6.2 Summary of the clinical findings of OSF patients

Complaints of ,%) Involved areas [%) On examination
Severity Chewing Burning < Taste Cheek S. palate Fauces Blanching Opening (mm)
None 3(10) - - - - - -

Mild 21 (72) 5(17) 17(59) 4(41) 12(41) 7(24) 17(59) Mean 21.4
Moderate 5(17) 11(38) 11(38) 21(72) 0 0 9(31) Median 20.0
Severe 0 13(45) 1(3) 4(14) 0 0 3(10) Mode 19.0

6.5.2 Investigations
Blood investigations:

Both pre- and post-treatment blood investigation for haematology, renal and 

electrolytes of OSF patients showed that seven patients with OSF (24%) had 

low levels of haemoglobin. The levels of MCV and PCV were low in 12 (41%) 

and 10 (34%) patients respectively prior to treatment with rh IFN-y. Four (14%) 

patients showed low levels of serum folate, seven (24%) showed low vitamin 

Bi2 and eight (28%) had low ferritin.

After treatment with intra-lesional rh IFN-y there was no significant difference in 

the haemoglobin levels compared to the pre-treatment levels. The other 

parameters of haematology profile, liver function tests and electrolytes also did 

not show any change after the treatment. The results of blood investigation both 

before and after treatment are shown in Appendix 6.5 and 6.6 and a summary 

of the findings is shown in Table 6.3.
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Table 6.3 Results of blood investigation

Haematology Pre-treatment Post-treatment
Normal values (range) >Normal 

No. (%)
<Normal 
No. (%)

>Normal 
No. (%)

<Nonnal 
No. (%)

HGB (11.5-16.5 g/dl) 0 7(24) 0 7(24)
RBC (3.8-5.8x1012/1) 0 3(10) 0 2(7)
MCV (80.0-90.0 fl) 0 12(41) 0 10(34)
PCV (0.370-0.470 ratio) 0 10(34) 1(3) 5(17)
MCH (27.0-32.0 pg/l) 1(3) 4(14) 0 5(17)
MCHC (30.0-36.0 g/dl) 0 1(3) 0 1(3)
WBC (4.0-11.0x109/1) 2(7) 1(3) 0 0
Neutrophil (2.0-7.5x109/1) 0 0 0 0
Lymphocytes(1.5-4 x 109/1) 0 2(7) 0 1(3)
Monocytes (0.2-0.8x109/1) 2(7) 0 1(3) 0
Eosinophils (0.0-0.4x109/1) 6(21) 0 9(31) 0
PLTs (150-450x 109/1) 2(7) 1(3) 0 0
Folate (186-596 pg/l) 1(3) 4(14) 4(14) 3(10)
Bi2 (223-1132 ng/l) 3(10) 7(24) 3(10) 1(3)
Ferritin (10-160 mg/l) 1(3) 8(28) 1(3) 2(7)
Liver function and electrolytes
LFTs
T. Protein (63-78 g/l) 3(10) 0 5(17) 0
Albumin (34-52 g/l) 0 0 0 0
T. Bilirubin (3-22 pmol/l) 1(3) 0 3(10) 0
ALT (7-56 lU/l) 1(3) 0 2(7) 1(3)
ALP (38-126 lU/l) 1(3) 0 3(10) 0
Electrolytes
Sodium (132-144 mmol/l) 0 0 0 0
Potassium (3.5-5.5 mmol/l) 4(14) 0 8(28) 0
Creatinine (60-120 pmol/l) 0 6(21) 0 6(21)
Urea (2.5-6.7 mmol/l) 1(3) 2(7) 1(3) 2(7)

Autoantibody screening:

Autoantibody screening showed that sixteen patients (55%) had circulating 

positive autoantibody against thyroid, gastric parietal cell, nuclear antibody, 

smooth muscle cell and endonucleic acid (ENA). Five patients (17%) had 

positive circulating antibody against thyroid, two of them had against 

thyroglobulin and microsomal and the remaining three had microsomal 

autoantibody only. Seven patients (24%) had circulating antibody against 

gastric parietal cell, six (21%) had antibodies against smooth muscle, three
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(10%) against nuclear antibody and one (3%) had against ENA (Appendix 6.7. 

and Table 6.4).

Table 6.4 Results of autoantibody screening

Autoantibody screening
1 Thyroid Gastric P. cell ANA Sm. muscle Mitochondria Anti-DNA Anti-ENA |
1 5(17%) 7(24%) 3(10%) 6(21%) 0 0 1(3%) 1
I Overall 75%

ANA = anti nuclear antibody, DNA = Deoxyribonucleic acid, ENA = Endonucleic acid

6.5.3 Laboratory investigations

The biopsy specimens obtained from the lesional tissues were studied for 

inflammatory cell infiltrates in the lesional tissues and for the levels of pro- and 

anti-inflammatory cytokines and growth factors involved in fibrosis by 

immunohistochemical studies. The results of immunostaining are described in 

Chapter 7 section 7.4 and 7.5.

6.5.4 Trial with intra-lesional injection of rhlFN^

Mouth opening:

Clinical examination of each patient during and after completion of treatment with 

intra-lesional injection of rhlFN-y showed an improvement of his or her mouth 

opening. The records of mouth opening during and after completion showed that 

the patients who had a history of shorter duration of OSF had greater 

improvement than the patients who had a history of longer duration. Record also 

showed that the patients who had surgical release of fibrous bands in the cheek 

with a split thickness skin graft had less improvement than the patients without 

surgical intervention. Figure 6.3 shows the clinical improvement of mouth opening 

in a patient of this series after treatment with rh IFN-y. The mean mouth opening 

prior to treatment was 21.4 mm and after completion of treatment 29.5 mm. The 

mean difference was 8.1 mm (p<8.6E-16). Six months after completion of 

treatment also showed a sustained improvement a mean opening of 29.8 mm in 

inter-incisal distance. The mean net gain of mouth opening after six months was

8.4 mm (41.9%) compared to the pre-treatment mouth opening (p<3.2E-13).
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Mouth opening before treatment, improvement during treatment and sustained 

improvement six months after completion of treatment is shown in Appendix 6.8. 

The improvements in percent and the net gain in mouth opening are shown in 

Appendix 6.9. The trend of inter-incisal improvement before to six months after is 

shown in Figure 6.4 and the schematic presentation of improvement after 

completion of treatment with rh IFN-y in Figure 6.5.



Chapter 6. Clinical trial of OSF with intra-lesional IFN-y 149

Figure 6.3. Mouth opening of an OSF patient: (A) before treatment (B) after treatment with intra- 
lesional injection of rh IFN-y
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Figure 6.4 Trend of inter-incisal improvement of mouth opening during and six months after 
completion of treatment with intra-lesional rhIFN-y
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Other oral symptoms:

The improvement of other oral symptoms after the treatment with rhIFN-y was 

also analysed. The improvement of burning sensation and taste is subjective and 

is difficult to analyse statistically. The results calculated from the self

administered visual analogue scale (VAS) questionnaire by the patients showed 

that the percentage improvement for the burning sensation was fifty-four 

immediately after treatment and six months after completion of treatment it was 

sixty. Similarly for the diminished taste the mean scores increased from sixty to 

sixty-five percent. The changes in inter-incisal improvement and other oral 

symptoms are shown in appendix 6.10 and a summary with variances between 

the highest and lowest improvements are shown in Table 6.5. The improvements 

immediately after and six months after completion of treatment with intra-lesional 

injection of rh IFN-y are shown in Figure 6.6.

Table 6.5 Overall improvement of oral problems after and six months after completion of the trial 
with intra-lesional injection of rh IFN-y

Improvement of oral problems (%)
Burning sensation Taste Mouth opening

Follow-up period Mean± SD 95% Cl 
Range

Mean± SD 95% Cl 
Range

Mean + SD 95% Cl 
Range

After treatment 54 + 23 9 59+ 27 10 41±16 6
45-63 50-70 35-47

6/12 after 60 + 23 9 65 ±29 11 42 ±18 7
52-69 54-76 36-49

• The estimation of improvement was made by a self-administered Visual Analogue Scale (VAS)
• Percentage of the mean improvement ± SD and 95% Confidence Interval are shown here
• All patients did mouth opening exercise at home for 2 minutes x 3 a day with a chemistry 

clamp.
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6.5.5 Side effects
The records of the adverse events experienced by the patients showed that 18 

patients (62%) had mild to moderate flu-like symptoms starting immediately after 

the injection for the first few injections. Of these, ten patients (34%) had mild and 

eight (28%) had moderate type flu-like symptoms with or without headache and 

myalgia. 23 of the patients (79%) complained of mild to severe headache for a 

day or two, with or without flu-like symptoms and myalgia. Of these, 17 (59%) had 

mild symptoms that lasted for few hours, four (14%) had moderate and two (7%) 

had severe headache that lasted for several hours. Eight of them (28%) had 

complaints of headache with myalgia and two (7%) had headache only. 22 

patients (76%) had mild to moderate myalgia. 18 (62%) had mild and four (14%) 

had moderate myalgia and all of them had this clinical presentation as a symptom 

of flu. Most of the mild side effects started immediately after the first injection. In 

some cases, symptoms started later in the evening and all of these side effects 

lasted for a day only. They all were treated with 1 g of soluble aspirin tablets 2/3 a 

day for one or two days only. There were no complaints of these symptoms after 

three to five injections. None of the patients complained of headache or of other 

problems on the day following the injection.

Apart from these common problems, only two patients (7%) complained of hot and 

cold feelings in their hands and feet after the first few injections. After five or six 

injections neither complained of such symptoms. These two patients did not 

require any other treatment. One (3%) of the 29 patients who had a history of 

essential hypertension and stroke about two years before starting this treatment, 

presented with giddiness and blurred vision on the first few mornings after the 

injections. After two weeks, the complaints of this patient had resolved. One 

patient complained of peeling of sole of foot skin after ten injections. She was 

seen by a dermatologist and treated with local application of hydrocortisone 

cream, and recovering a week without further complaint. Three patients (10%) did 

not have any side effects during or after completion of treatment. There were no 

complaints at the six months after treatment follow-up examination. Adverse 

events experienced by the patients during and immediately after the trial are 

shown in appendix 6.11 and are summarised in Table 6.6.
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Table 6.6 Adverse events experienced by the patients during or immediately after the trial with 
intra-lesional rhlFN-y

Adverse events Mild Moderate Severe Total (%)
Flu-like symptoms 10 8 0 18 62
Headache with flu and myalgia 17 4 2 23 79
Headache and myalgia 8 28
Headache only 2 7
Myalgia 18 4 0 22 76
Hot and cold feeling 0 2 0 2 7
Giddiness and blurred vision 1 0 0 1 3
Peeling of sole of foot skin 0 1 0 1 3
No complaints 3 10

6.6 Discussion and conclusion

The results of this study for the treatment of OSF shows that the local infiltration 

of rh IFN-y improves the mouth opening without any major side effects. The side 

effects experienced by the patients were simple headache, flu-like symptoms and 

myalgia that were treated with 1 g of soluble aspirin only. A significant 

improvement was observed in inter-incisal mouth opening (mean ± SD = 8.4 mm 

± 2.82 mm) and other oral symptoms like burning sensation and diminished taste 

sensation (mean ± SD = 60 ± 4% and 65 ± 5.5%). These results suggest that 

rhIFN-y may be beneficial in the treatment of patients with OSF.

This study has several limitations: First, this is an open, uncontrolled trial because 

the cost of the treatment (ninety pound per vial i.e. seven hundred and twenty 

pounds per course per patient) did not allow a larger study. Another limitation 

was the availability of eligible patients, i.e. mouth opening less than 30 mm and 

agreement to enter a trial requiring 15 attendance over eight weeks. Therefore, 

for both reasons this was a carefully conducted pilot study. The use of a stretcher 

was considered to be desirable to obtain maximum benefit despite the well- 

recognised experience in our department that stretching alone confers no 

benefits. The evaluation of efficacy of any drug in the treatment of OSF is very 

difficult due to some degree of spontaneous improvement in the mouth opening 

may occur in some patients after cessation of chewing areca nut or as a result of
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mouth stretching. However, the improvement in mouth opening should be 

considered as an absolute finding which does not have any parallel with any 

other therapy. Although the other parameters of the improvements were objective 

i.e., the patients estimated the improvements not by the clinicians.

Although such symptoms may be attributed to Fe, B12 and folate deficiency, all 

these were corrected pre-injection and it is notable that such deficiencies were 

infrequent involving less than 24% of patients. Again all were well-nourished 

middle class residents in the London area. All but three patients had stopped 

chewing areca nut at least five years before the trial and three stopped immediate 

before this clinical trial. Previous hospital records of the patients who stopped 

chewing five years before the trial did not show any significant difference in 

mouth opening which abandons the hypothesis of improvement of mouth opening 

after cessation of betel nut chewing.

Previous studies suggested that intra-lesional injections of rh IFN-y have a 

beneficial effect in the treatment of patients with keloids and hypertrophic scars 

(Larrabee et al. 1990, Granstein et al. 1990), and systemic sclerosis (Kahan et al. 

1989a, Hein et al. 1992). Histologically the above conditions are known to be 

similar to OSF. The mechanism by which rh IFN-y improved the clinical status of 

patients with OSF was difficult to determine from this current study. The main 

hypothesis could be an inhibitory effect on fibroblast proliferation and collagen 

biosynthesis, and immunoregulatory action on immunogenic abnormalities found 

in the histochemical studies of this thesis. The hypothesis is also supported by 

the studies on systemic sclerosis (Kahan et al. 1986, Kahan et al. 1989b, and 

Whiteside et al. 1985).

Previous studies with rh IFN-y also showed it to be a well-tolerated drug, with 

dose- and route-dependent side effects, including fever, chills, fatigue, nausea, 

vomiting, headache, and myalgia (Larrabee et al. 1990). The adverse events 

experienced by the patients in this study were less and only mild headache, flu

like symptom and myalgia, although three patients had other side effects which 

relates to other health problems. There was no significant abnormality in the
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laboratory investigations for haematology, hepatic and electrolyte balances 

induced by the treatment.

On the basis of the results of this study, it can be concluded that the 

administration of 50fig (0.25 ml) of rhlFN-y intra-lesionally twice a week for over 

eight weeks had a beneficial effect and did not produce any major side effects 

other than headache, myalgia and malaise. These were treated by oral 

analgesics. It can be suggested that rh IFN-y is a useful agent in controlling or to 

reverse the fibrosis in OSF.
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Chapter 7 
Histology and 

immunohistochemistry

7.1 Introduction

The results of the cytokine assay on the serum of OSF patients and a 

comparison with their relatives and normal healthy Caucasian controls showed 

that the patients’ PBMC had synthesised more of the pro-inflammatory 

cytokines IL-1p, IL-6, IL-8 and TNF-a compared to the Caucasian control group 

on stimulation (Chapter 4). In contrast, the patients produced less IFN-y both by 

stimulated and unstimulated PBMC than Caucasian controls. The patient group 

also showed significant differences for inflammatory and immunomodulatory 

cytokines IL-6, IL-8 and TNF-a compared to their relatives. The objective of the 

next series of experiments, therefore, was to pinpoint the source of cytokines 

using immunohistochemistry.

7.1.1 Pathophysiology of OSF
The histological appearances of OSF indicate an excessive deposition of 

collagen in the lamina propria, suggesting a loss of the homeostatic 

mechanisms controlling collagen turnover. There is consequent fibrosis, 

functional impairment and irreversible alteration of tissue architecture (Pindborg 

and Sirsat 1966, Canniff et al. 1986, Pillai et al. 1992). Over the last two 

decades a number of potent stimulants and mediators have been identified in 

the aetiology of OSF. The areca alkaloids, arecoline and arecaidine from the nut 

of the areca catechu, may be the major stimulants in OSF (Canniff and Harvey 

1981), as it has been known to induce proliferation and excess collagen 

synthesis by oral mucosal fibroblasts (Harvey et al. 1986, Meghji et al. 1987). It 

is also well known that many OSF patients habitually chew areca nut. In 

addition to the alkaloids, other constituents of the areca nut, such as the 

flavanoid catechin and tannins, can cross-link collagen fibrils and render them 

resistant to degradation by mammalian fibroblast collagenases (Scutt et al. 

1987a). It has also been shown that mucosal fibroblasts and epithelial cells 

produce more prolyl 4-hydroxylase in patients with OSF than in healthy 

subjects, this being a key enzyme for collagen biosynthesis, thus suggesting
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that these cells have been stimulated to synthesise collagen (Bando, 

Henderson and Harris, unpublished data).

The characteristic changes in OSF, like other connective tissue disorders such 

as progressive systemic sclerosis, systemic lupus erythematosus and 

polymyositis, indicate that there is a lack of normal cellular “check and balance” 

mechanisms, as a result of which there is fibrosis and functional impairment. 

Perturbation of the system may also alter the cellular production and secretion 

of mediators such as cytokines, and aberrant production of these may lead to 

the irreversible alteration of tissue architecture (Kovacs 1991).

7.1.2 Role of the inflammatory cell infiltrate in OSF

Previous histological studies of OSF (Rajendran 1994, Migliorati et al. 1986) 

and other potentially malignant oral conditions showed the infiltration by chronic 

inflammatory cells, including T lymphocytes, that may be associated with 

release of factors with ability to modify the local immune response. These may 

also have direct or indirect effects on the oral mucosa, which might lead to 

changes such as those seen in OSF and other potentially malignant conditions. 

It is also generally accepted that OSF is initiated in the connective tissue and 

that the epithelial changes of atrophy and, ultimately, of cytological atypia are 

secondary (Rajendran 1994). In oral epithelial dysplasia, Migliorati et al. (1986) 

have shown an increase in activated T cells and a high ratio of CD4: CD8 

lymphocytes. Therefore, in OSF the role of epithelial-mesenchymal interactions 

may also be important, with the cytokines produced by cells of the inflammatory 

infiltrate instrumental in these interactions.

7.1.3 Role of cytokines and growth factors in OSF

There are currently at least 100 known different cytokines and growth factors 

(Henderson and Poole 1994); they can be placed into a number of distinct 

families such as interleukins, interferons, colony-stimulating factors, cytotoxic 

agents, intercrines/chemokines and growth factors. Callard and Gearing (1994) 

classified them into five distinct groups (Table 7.1). As mentioned the pro- 

inflammatory cytokines are IL-1, IL-6, and IL-8. The interleukins and colony- 

stimulating factors are immunomodulatory and growth regulating factors for
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haematopoietic cells. The interferons are anti-viral and immunomodulatory, and 

the chemokines are chemoattractant and growth regulatory factors. The growth 

factors control connective tissue functions, and the tumour necrosis/nerve 

growth and growth factor family are immunomodulatory and growth regulators 

(Bennet and Schultz 1993). However, they suggested that the potent stimulants 

from areca catechu nut, arecoline and arecaidine might play an important role in 

the pathogenesis of OSF (Harvey et al. 1986, Meghji et al. 1987). But to date 

there is no published work that shows the role of cytokines and growth factors in 

OSF. Previous works on other fibrotic diseases suggest that a range of 

inflammatory and immunomodulatory cytokines and growth factors are 

instrumental in the pathogenesis of OSF (Kovacs 1991, Kulozik et al. 1990, 

Connor et al. 1989) but the precise role of these cytokines has not yet been 

identified in this disease.

Table 7.1 Cytokines, growth factors and members of their families

Cytokine Family Members
Interleukins IL-1 a, IL-ip, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, 

IL-10, IL-11, IL-12, IL-13, IL-14, IL-15

Colony stimulating factors G-CSF, GM-CSF, M-CSF, and EPO

Interferons IFN-a, IFN-p, IFN-y

Chemokines GRO-a, GRO-p, GRO-y, MIP-1a, MIP-1, MCP-1, MCP-2, 
MCP-3, RANTES

Growth factors TGF-pl, TGF-P2, TGFpi.2, TGF-pS, TGFpS, EGF, 
HB-EGF, TGF-a, FGF-acidic, FGF- basic, ECGF, FGF-4, 
FGF-5, FGF-6, FGF-7, PDGF-AA, PDGF-BB, PDGF-AB

7.2 Aims of this study

The aims of this part of study were to investigate OSF immunohistochemically 

in order to-

1) Characterise the nature of the inflammatory cell infiltrates in OSF and shed 

light on possible local immune mechanisms and

2) Localise the cytokines and growth factors in OSF and compare them with 

normal buccal mucosa.
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7.3 General methods of this study

7.3.1 Patients and controls

Twenty-nine OSF patients and 10 normal control subjects were recruited for this 

study. All patients had a history of limited mouth opening with palpable fibrous 

bands in cheeks and inelastic, depigmented buccal mucosa, lips, soft palate 

and floor of the mouth (Figure 6.3A in Chapter 6). One patient had small, 

superficial, bilateral ulcers in the buccal mucosa, but none had any sign of oral 

cancer. The control specimens were collected from five Indian healthy betel 

quid chewers and five Caucasian non-betel quid chewers during surgical 

removal of impacted third molars. None of them had any sign of infection or 

acute pericoronitis. The specimens were obtained by the operating surgeon 

from the postero-lateral aspect of mandibular second molars on the buccal side. 

Their age range was 19 to 45 years (mean 35 years). Patients who received 

rh IFN-y treatment were included in this study (1-29 in Appendix 3.1). The 

identity of the control subjects for this study is not shown in the appendix, 

because permission was not sought prior to biopsy to disclose their names and 

the results of the analysis of their tissue specimen. A summary of patients and 

controls is shown in Table 7.2.

Table 7.2 Profile of the patients and controls included in this study

Subjects (Number) Age (Yr.) 
Median (range)

Sex 
M F

Duration of disease 
Median (range)

Mouth opening (mm) 
Median (range)

OSF patients (29) 48 (16-68) 11 18 15 (1-30) yr. 20.0(11-35)
Normal controls(IO) 35 (19-45) 4 6 - 40.0(32-45)

7.3.2 Tissue preparation

Three 4-mm punch biopsy specimens two before and one after the treatment 

with intra-lesional rh IFN-y were obtained from each patient under local 

anaesthesia (1.5 ml of 1% lignocaine, 1:80,000 adrenaline, Astra). This was 

done after obtaining permission from the ethical committee of the Eastman 

Dental Institute for Oral Health Care Sciences and the Committee for Safety of 

Medicines. The post-treatment specimen was obtained from the buccal mucosa 

close to the pre-treatment biopsy site after a week of completion of treatment
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with rh IFN-y. One of the two test specimens obtained before treatment was 

fixed in 10% neutral buffered formalin and routinely processed for 

histopathological diagnosis. The control specimens, and the second pre

treatment test specimens, were snap frozen in liquid nitrogen within an hour of 

procurement and stored at -80°C until used for immunohistochemical 

investigations. The post-treatment specimen was also snap frozen in liquid 

nitrogen, stored at -80°C, and used to compare the immunohistochemical 

findings before and after treatment. Sections were cut at 5 pm on a Bright 

cryostat with the cabinet temperature maintained at below -25° 0  and taken up 

onto glass slides treated with poly-L-lysine solution (Sigma). Slides were air 

dried at room temperature for two hours and stained immediately or stored at - 

20° 0 .

7.4 Histology

One section from all control and second patient specimens was stained with 

Haematoxylin and eosin and examined histologically to confirm the diagnosis. 

OSF was characterised by areas of atrophic epithelium with loss of rete ridges 

and avascular, hyalinised collagen in the lamina propria. The lamina propria 

contained infiltrates of chronic inflammatory cells, which disrupted the overlying 

epithelium in places. The infiltrate was focally concentrated in some regions, but 

elsewhere was more diffusely distributed in the subepithelial region (Figure

7.1 A). Melanophages were seen in the superficial lamina propria in about 50% 

of the OSF specimens, but not in the normal specimens. The most striking 

feature of the connective tissues was the presence of dense collagen bundles, 

randomly orientated and extending into the underlying striated muscle (Figure 

7.1B).
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Figure 7.1. Histological changes in OSF showing atrophic epithelium, with loss of rete ridges and 
relatively avascular hyalinised collagen. In (A), there is a subepithelial infiltrate of 
lymphocytes. In (B) there is prominent fibrosis of the striated muscle in the deeper 
aspect. H&E, Original magnification x63
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7.5 Immunohistochemistry

7.5.1 Inflammatory cell infiltrates in OSF

7.5.1.1 Materials and methods

7.5.1.1.1 Patients and controls

These were as described in sections 7.3.1 and 7.3.2.

7.5.1.1.2 Antibodies and reagents

The antibodies used were monoclonal mouse anti-human antibodies. The 

properties, sources and working dilution of the antibodies are described in Table 

7.3. Optimal working dilutions were determined by titration experiments (see 

below). The biotinylated goat anti-mouse secondary antibody, streptavidin 

peroxidase complex and normal goat serum were purchased from Da ko Ltd, 

Denmark. Hydrogen peroxide (H2O2), bovine serum albumin (BSA), 0.1-M 

phosphate buffered saline (PBS) pH 7.6 and 3,3-diaminobenzidine (DAB) was 

obtained from Sigma Ltd, UK.

Table 7.3 Antibodies used in this study

Antibody Specificity Dilution
T3-4B5 CD3,20 kDa epsilon-chain on all T Cells 1:100
MT310 CD4,59 kDa glycoprotein on T cells of helper/inducer subtype 1:20
DK25 CDS, 32 kDa molecules on suppressor/cytotoxic I  cells 1:100
TAL.1B5 HLA-DR, a-chain of MHC Class II (monomorphic) 1:50
E433 Secondary antibody 1:300

All antibodies were purchased from Dako.

7.5.1.1.3 Titration experiments

At least five different dilutions within the range recommended by the 

manufacturer of primary and secondary antibodies were used for this 

experiment. Serial sections of OSF were incubated using the highest 

concentration of primary antibody with the lowest concentration of secondary 

antibody and so on lowering the concentration of primary antibody and 

increasing the concentration of secondary antibody for three different incubation 

times- one and a half hours, two hours (both at room temperature) and for
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overnight at 4°C. The other reagents and methods of staining described below 

were kept constant. The concentrations of primary and secondary antibodies 

that gave the best specificity and lowest background were considered to be the 

optimal dilution.

7.5.1.1.4 Immunohistochemical methods
All procedures were carried out at room temperature unless otherwise stated. 

Sections were dried at room temperature, fixed in acetone for 30 min, briefly 

washed in 0.1 M PBS and incubated in 1% H2O2 in methanol for 30 min to block 

endogenous peroxidase. After washing in PBS for 15 min, sections were treated 

with a 1:5 (20%) dilution of normal goat serum for 30 min to block non-specific 

binding. After blocking endogenous peroxidase, the optimal dilution of the 

various primary antibodies diluted in PBS containing 0.1% BSA were added to 

sections and incubated overnight at 4°C. Sections were then washed with PBS 

for 15 min and biotinylated goat anti mouse (1:300) secondary antibody added 

to each section (except for the secondary antibody control sections) and 

incubated for 30 minutes. After a further wash in buffer for 10 minutes, 

streptavidin biotinylated peroxidase complex (Dako) was added to all sections 

and incubated for a further 30 minutes. After a final wash in PBS for 10 min, a 

solution of DAB plus 0.03% H2O2 was added and incubated until the sections 

became dark brown (3-6 min). Sections were then counterstained with Mayer's 

Haematoxylin, differentiated in acid alcohol (1% MCI in 70% ethanol), 

dehydrated in ascending (70-100%) concentrations of ethanol and mounted in 

DPX.

7.5.1.1.5 Controls

For each specimen, serial sections were incubated either with the primary 

antibody substituted with PBS or by non-immune mouse serum. Reactivity in 

the absence of the second conjugated antibody was also assessed to 

determine the specificity of binding. Staining lymph nodes following the same 

procedures as described above further checked specificity and reactivity of the 

antibodies.
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7.5.1.1.6 Evaluation
Three separate fields in each section were examined on a Zeiss microscope at 

both X10 and X25 objective magnifications. The number of positively staining 

cells in normal, pre- and post-treatment OSF sections was graded subjectively 

as +=few, ++=moderate and +++=abundant, both in the epithelium and 

connective tissue. A mean of the observations was then taken for the purposes 

of comparison (Appendices 7.1-7.10). Two independent observers also 

assessed the same fields. When there was disagreement, a final judgement 

was obtained by consensus. Typical findings were photographed with a Zeiss 

photomicroscope and Kodak technical pan films Estar-AH base 25 ASA.

7.5.1.2 Results
7.5.1.2.1 Controls
Where the primary or secondary antibody was omitted, there was no positive 

staining (Figure 7.2A). Flowever, sections stained by substitution of the primary 

antiserum with non-immune serum showed some non-specific binding, but this 

was weak. Staining of normal tonsillar tissue showed the expected distribution 

of positive cells (Figure 7.2B).
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Figure 7.2. (A) OSF shows no positive staining after omitting the primary antibody (CD3). (B) 
Normal lymphoid tissue (tonsil) shows abundant positive T cells stained with antibody 
against CD3. Original magnification x 63.
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7.5.1.2.2 Pattern of staining in normal mucosa
Sections showed T cells (CDS) and T helper / inducer cells (CD4) both in the 

epithelium and in the lamina propria (Figure 7.3A & B). The mean of the 

subjective estimation of CDS-positive cells in the epithelium was 0.60 and in the 

lamina propria 1.20, with an overall density of 1.00 (Table 7.4). The mean value 

of CD4-positive cells was also 0.50 in the epithelium, but 1.00 in the lamina 

propria and overall 1.00, although the estimated numbers of positive cells in 

different specimens was different (Table 7.4). This indicates that most CDS- 

positive lymphocytes at these sites were T helper/inducer cells. Some CD4- 

positive cells in the epithelium were dendritic Langerhans' cells (LC) (Figure 

7.SB).

The antibody directed against T suppressor / cytotoxic cells (CD8) showed 

occasional cells in the lamina propria and epithelial basal layers. The mean 

value of the density of CD8-positive cells in the epithelium was 0.20, lamina 

propria 0.50 and an overall 0.60 (Table 7.4). The distribution of CD4- and CD8- 

positive cells showed that the ratio of these cells in the epithelium was 2.5, in 

the lamina propria 2.0 and overall 1.7 (Table 7.4).

Sections stained with the antibody to HLA-DR showed scattered positive cells 

both in the epithelium and in the lamina propria (Figure 7.4). Kératinocytes did 

not show any positive reaction and many intra-epithelial-positive cells had a 

dendritic morphology, suggesting that they were LC. The mean density of HLA- 

DR-positive cells in the epithelium and lamina propria was 1.20 and I SO 

respectively. The overall density of these cells was 1.50 (Table 7.4). The 

detailed results of subjective estimation for inflammatory infiltrates are shown in 

Appendices 7.1 - 7.4 and a summary in Table 7.4.

Table 7.4 Summary of the subjective estimation of the inflammatory cell infiltrates in normal and 
OSF specimens

Normal mucosa OSF-Before treatment OSF- After treatment
Epith
elium

Lamina
propria

Overall Epithe
-Hum

Lamina
propria

Overall Epithe
-Hum

Lamina
propria

Overall

CD3 0.60 1.20 1.00 1.34 1.82 1.55 0.82 1.25 1.14
CD4 0.50 1.00 1.00 1.06 1.41 1.27 0.75 1.25 1.14
CDS 0.20 0.50 0.60 0.24 0.51 0.48 0.17 0.53 0.57
HLA-DR 1.20 1.30 1.50 0.79 1.58 1.46 1.50 1.46 1.48
CD4:CD8 2.5 2.0 1.7 4.4 2.8 2.6 4.4 2.4 2.0
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Figure 7.3. Staining for CDS and CD4 in normal oral mucosa. (A) Scattered CDS-positive 
lymphocytes are seen in the superficial connective tissue and within the epithelium. (B) 
A similar distribution is seen for CD4. Some CD4-positive cells are dendritic LC 
(arrows). Original magnification x6S.
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Figure 7.4. (A) Normal oral mucosa stained for HLA-DR shows positive inflammatory and 
endothelial cells within the connective tissue. (B) At higher power dendritic LC (arrows) 
are seen within the epithelium. Kératinocytes are negative. Original magnification (A) 
x25, (B) x63.
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7.5.1.2.3 Pattern of staining in OSF

Sections of OSF before treatment with rh IFN-y showed a heavy infiltration of 

CDS-positive cells in the epithelium and the connective tissues (Figure 7.5A). 

The mean distribution of CDS-positive cells in the epithelium and lamina propria 

was assessed as 1.S4 and 1.82, and the overall mean was 1.55 (Table 7.4). 

Cells were diffusely and evenly distributed in the basal and parabasal 

epithelium, but in the lamina propria there were usually focal infiltrates.

The distribution and density of CD4-positive cells was similar to CDS (Figure 

7.5B). The mean distribution of CD4-positive cells in the epithelium was 1.06, in 

the lamina propria 1.41 and overall 1.27 (Table 7.4). This pattern of CD4- 

positive cell distribution indicated that most of the CDS-positive T lymphocytes 

expressed CD4. Thirteen of the twenty-nine OSF patients who had the disease 

for <10 years and in eight of these there were much denser infiltrates of CDS- 

and CD4-positive cells (Figure 7.5) than in cases with >10 years duration 

(Figure 7.6 A & B). In the latter cases the cells infiltrated more focally in the 

lamina propria than that in the shorter duration cases.

In contrast, all OSF specimens taken after treatment with intra-lesional rh IFN-y 

showed a reduction in the density of CD3-positive cells in the epithelium and the 

connective tissues. The pattern for CDS-positive cells was similar, but the 

number of cells appeared less after treatment (Figure 7.5C). The mean and 

overall distribution of CDS-positive cells in the epithelium, lamina propria and 

overall was 0.82, 1.25 and 1.14 respectively (Table 7.4). It was also the case for 

CD4-positive cells that the pattern was unchanged, but the density of the 

positive cells decreased after treatment (Table 7.4). There were less positive 

cells within the epithelium than in the lamina propria but some CD4-positive 

dendritic LC were again seen in the epithelium. The density of cell infiltrates in 

cases of more than ten years duration was also reduced when compared with 

the pre-treatment specimen from the same patient.

Sections of pre-treatment OSF showed a few scattered CD8-positive cells in the 

epithelium and within the focal aggregates of lymphocytes in the lamina propria 

(Figure 7.7). The mean and overall density of CD8-positive cells in the lesional
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tissues were 0.24, 0.51 and 0.48 respectively (Table 7.4). There was no 

significant change in the infiltration pattern of CDS-positive cells in the 

epithelium and in the lamina propria after treatment (Table 7.4). The ratio of 

CD4- and CDS-positive cells in OSF before treatment was 2.6 and after 

treatment 2.0, and both these values were higher than that 1.7 in normal tissues 

(Table 7.4).

Pre-treatment, all OSF specimens showed a high density of HI_A-DR-positive 

cells in the epithelium and lamina propria in a similar pattern of distribution to 

CD4 (Figure 7.SA). Within the epithelium, many positive cells showed a 

dendritic morphology. In many instances, dendrites appeared to be directed 

towards the surface and to extend into the outer half of the epithelium. The 

mean density of HLA-DR-positive cells in the epithelium and lamina propria was 

0.79 and 1.5S respectively. The overall density was 1.46 (Table 7.4). The sites, 

distribution and the morphology of the positive cells suggested that they were 

either T cells or LC. None of the HLA-DR staining was localised to 

kératinocytes.

There was a similar pattern, but greater numbers, of HLA-DR-positive cells in 

the basal layer of the epithelium and juxta-epithelium after treatment than 

beforehand. The mean density and overall HLA-DR-positive cells in the 

epithelium and lamina propria was 1.50, 1.46 and 1.4S respectively (Table 7.4). 

In addition, many positive cells showed a more prominent dendritic appearance 

in the epithelium than that in the pre-treatment sections (Figure 7.SB). The 

appearances suggested that the total number of T cells decreased after 

treatment with rh IFN-y but those that remained more prominent were HLA-DR- 

positive, i.e. predominantly activated T cells and LC. As before treatment, 

kératinocytes showed no HLA-DR positivity. The detailed results of subjective 

estimation for inflammatory infiltrates are shown in Appendices 7.1 - 7.4 and a 

summary in Table 7.4.
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Figure 7.5. (A) A typical case of short duration (2 years) OSF showing heavy infiltrates of CD3- 
positive cells in the epithelium and connective tissue, (B) Another case with a short 
history (5 years) shows a similar pattern of CD4-positive cells, (C) Post-treatment; 
there are fewer CD3- positive cells. Original magnification x63.
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Figure 7.6. A long standing (12 years) case of OSF showing isolated, focal infiltrates of 
lymphocytes. Most of the lymphocytes are positive for (A) CDS and also for CD4 (B). 
There are more CD4-positive cells in the epithelium. Original magnification x25
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Figure 7.7. Occasional CD8-positive cells (arrows) are seen In OSF. Original magnification x63.
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Figure 7.8. (A) Pre-treatment: Many of ttie HLA-DR-positive cells in the epithelium are dendritic, 
an appearance which is enhanced after treatment (B). Kératinocytes are HLA-DR- 
negative. Original magnification x63.
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7.5.1.3 Discussion
As mentioned in section 7.4, the histologic appearances in OSF include 

localised chronic inflammatory cell infiltration (Pindborg and Sirsat 1966, 

Pindborg et al. 1980, Pillai et al. 1992). The infiltrates are mainly composed of 

intra-epithelial and subepithelial lymphocytes (Sirsat and Pindborg 1967b, Mani 

1977, Bhat and Dholakia 1977).

This study showed a heavy infiltration of CD3-positive cells both in the 

epithelium and in the lamina propria of OSF compared with normal buccal 

mucosa, and the cells were uniformly distributed both in the epithelium and 

lamina propria. A similar pattern of CD4-expression was found in the same 

specimens, but by cells of both round and dendritic morphology, both in the 

epithelium and connective tissue. The pattern of HLA-DR-positive cells was 

similar to CD4-positive cells, although the LG was more dendritic both in the 

lamina propria and in the epithelium than those of the controls or after treatment 

with rhlFN-y. The intensity of staining for GD4- and HLA-DR-positive cells was 

stronger in the lesional tissues compared with normal tissues. Most of the 

lymphocytes in the lesional tissues were HLA-DR-positive. The pattern of 

staining for GD4- and HLA-DR-positive cells suggests an increased infiltration of 

activated lymphocytes. The staining for GD3, GD4, and HLA-DR post-treatment 

showed similar features, but the density of GD3- and GD4-positive cells 

appeared less in post-treatment specimens than in the pre-treatment. In 

contrast, the density of HLA-DR-positive LG was similar or increased, and the 

intensity of cell and dendrite staining appeared more prominent than that in the 

pre-treatment specimens.

The apparent increase in the number of LG might reflect a response to antigens 

present at the surface (Francis and Farthing 1989). The post-treatment 

observations with respect to HLA-DR-positive LG and lymphocytes may relate 

to previous studies which suggested that local production of IFN-y may 

modulate the expression of GD4 and HLA-DR on the surface of LG (Groh et al. 

1986, Farthing et al. 1990). This suggests that the prominent expression of 

HLA-DR by LG and T cells in the epithelium is an epiphenomenon and may be 

induced by the local infiltration of rhIFN-y. However, at no point, either before or
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after treatment with rhIFN-y, was there any expression of HLA-DR by 

kératinocytes. Such expression has been reported in other inflammatory oral 

mucosal conditions, for example lichen planus (Takeuchi et al. 1988, Walsh et 

al. 1990 Farthing et al. 1990, 1992). Most inflammatory dermatoses of the skin, 

which are associated with a CD4-positive lymphocytic infiltrate also, show HLA- 

DR expression by kératinocytes (Aubock et al. 1986). Might this, therefore, 

imply impaired keratinocyte function in OSF? The other possibility may be that 

the epithelium, after all, morphologically atrophies in OSF. However, it is 

possible for HLA-DR expression by LC to be regulated by cytokines, with no 

induction of expression by kératinocytes (Ishii et al. 1990).

In a study of the distribution of lymphocyte subsets and LC in normal oral 

mucosa, van Loon et al. (1989) have shown that the epithelium contains 41.3% 

of all the T lymphocytes in oral mucosa and these are mostly present in the 

juxta-epithelial region. The ratio of CD4- to CD8-positive cells is about 1:2. 

These lymphocytes may, in combination with LC, act as a first line of defence 

against infiltrating antigens. In buccal mucosa the distribution of LC may be 

similar to lymphocytes, but with a lower density (van Loon et al. 1989, Cruchley 

et al. 1989). In a similar study by Reibel et al. (1985), there were fewer CD4- 

and CD8-positive cells, but the CD4 and CD8 ratios were higher (1.4 and 1.5 in 

the epithelium and juxta-epithelium respectively). In an inflammatory site, 

studies by Schroder (1992) and Larsen et al. (1989) have shown that infiltration 

of lymphocytes, monocytes and macrophages is promoted by a chemoattractive 

cytokine concentration gradient, and by cell surface molecules whose 

expression is regulated by cytokines (Dustin et al. 1986). The ratio of CD4- and 

CD8-positive cells in OSF after treatment with intra-lesional rhIFN-y was 

reduced because there were fewer CD4-positive cells, suggesting reversal of 

the inflammatory change had occurred.

There were very few CD8-positive cells in pre-treatment OSF tissues. The 

mean distribution of this cell in the epithelium, lamina propria and overall was 

0.24, 0.51 and 0.48 and the ratio of CD4 to CD8 was 4.4, 2.8 and 2.6 in the 

epithelium, lamina propria and overall respectively. This high ratio of CD4- to 

CD8-positive cells, especially in the epithelium, might mean that there is an
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imbalance in immunoregulation in OSF (Reinherz and Schlossman 1981). 

There was no apparent change in the presence of CD8-positive cells after 

treatment (0.17 in the epithelium, 0.53 in the lamina propria and overall 0.57), 

but as the number of CD4-positive cells reduced as a result of treatment, the 

CD4:CD8 ratio in the post-treatment returned towards normal (Table 7.4).

The increased infiltration by lymphocytes into the epithelium and sub-epithelium 

described here indicates an enhanced local inflammatory and 

immunomodulatory cytokine production in OSF, but it is not still clear which 

subsets of CD4 cells (ThO, Th i, and Th2) are predominant, or which are 

responsible for cytokine release. According to Pernis et al. (1995) Thi and Th2 

play different roles in the immune response, with Thi instrumental in cellular 

immunity and Th2 in humoral immunity. Thi cells produce IFN-y, IL-2 and IL12 

and Th2 produce IL-4, IL-5, IL-10 and IL-13. Since IFN-y inhibits the proliferation 

of Th2 cells, (but not Thi cells), this may account for the reduced number of T 

lymphocytes seen after local infiltration of rh IFN-y.

Furthermore, an increased LC density would indicate an active ongoing antigen- 

driven cell-mediated immune response in OSF. Treatment with rhIFN-y 

appeared to diminish this process. It is a matter of speculation as to whether 

this was due wholly to the infused cytokine, or whether in addition, the 

remaining T cells in turn synthesised cytokines which maintained this 

downregulation.

In conclusion, there is an apparent increase in CD3-positive, CD4-positive and 

HLA-DR-positive LC in OSF compared with normal buccal mucosa. 

Kératinocytes do not express HLA-DR in OSF either before or after treatment. 

The explanation for this may lie in the production of local cytokines. Local 

infiltration of rhIFN-y diminishes this immune reaction, but as the extraneous 

cytokine is unlikely to remain long in the tissue, the maintained downregulation 

may reflect an altered cytokine production by the remaining immune cells which 

reverses the pathological changes. To address this matter further studies on 

cytokines and growth factors in OSF were performed.



Chapter 7. Histology and immunohistochemistrv_______________________ 182

7.5.2 Cytokines and growth factors

7.5.2.1 Materials and methods
7.5.2.1.1 Patients, controls and tissue preparations
The samples and methods of tissue preparation for this study were the same as 

described in sections 7.3.1 and 7.3.2. Serial sections were prepared to enable 

the nature of cells positive for cytokines to be determined.

7.5.2.1.2 Antibodies and reagents

Monospecific sheep polyclonal antisera to human IL-ip and a monospecific goat 

monoclonal antibody to human IL-6 were kindly provided by Dr. Stephen Poole 

(NIBSC, South Mimms, UK) and Dr. Anthony Meagor (NIBSC, South Mimms) 

kindly provided sheep H60 anti-IFN-p and sheep H53 anti-IFN-y monospecific 

sheep polyclonal antisera against human IFNs. Mouse monoclonal anti

fibroblast growth factor-basic (FGFb) (MAB125) was purchased from Chemicon, 

rabbit anti-human PDGF (BDA2) was purchased from R & D Systems Ltd 

(Europe). In addition to these the following antibodies were used- i) CD3 (anti-T 

cell), ii) CD4 (anti-T helper/inducer cell), iii) CDS (suppressor / cytotoxic cell) and

iv) HLA-DR alpha chain. All were obtained from Dako and are the same as

those listed in Table 7.3.

7.5.2.1.3 Immunohistochemistry

The same immunohistochemical procedures were used as those described in 

section 7.5.1.1.4. The anti-cytokine primary and appropriate secondary 

antibodies were titrated to determine optimal dilutions as described in section 

7.5.1.1.3. Primary antibodies were incubated overnight at 4°C. The following 

secondary antibodies were used: biotinylated donkey anti-sheep, (Sigma) 

(1:5000), biotinylated goat anti-mouse (Dako) (1:300) biotinylated swine anti

goat/mouse/rabbit (Dako) (1:300). These were added to each section (except 

the secondary antibody control sections) and incubated for 30 minutes at room 

temperature.
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7.5.2.1.4 Controls

Serial sections from each specimen were incubated in the absence of primary or 

secondary antibody to determine the specificity of binding of the antibodies. In 

addition to these, specificity of the primary antibody was also determined by 

substitution of the primary antiserum with non-immune sera of the species in 

which the primary antibody was raised.

7.5.2.1.5 Data analysis

Sections were analysed and evaluated as described previously (Section 

7.5.1.1.6). A subjective estimation of the number of positively stained cells of 

origin of the cytokines, and the intensity of staining, were made in three different 

locations. Two independent observers then further reassessed these and in any 

disagreement, a final judgement was obtained by consensus. Then the mean 

estimated specifities were used to compare the controls and OSF samples, pre- 

and post-treatment.
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7.S.2.2 Results
7.5.2.2.1 Phenotyping of the cells in the tissue
Chronic inflammation was confirmed in OSF specimens with the antibodies 

against T lymphocytes (CD3), T helper/inducer cells (CD4), T suppressor / 

cytotoxic cells (CDS), and HLA-DR positive cells (HLA-DR alpha) as described 

in section 7.5.1.2. The detailed results of subjective estimation for cytokines and 

growth factors are shown in Appendices 7.5 - 7.10 and a summary in Table 7.5.

Table 7.5 Summary of subjective estimation of positively stained cells of origin of the cytokines 
and growth factors investigated in normal and OSF specimens

Cytokines
Normal mucosa 

(mean)
OSF- Before treatment 

(mean)
OSF- After treatment 

(mean)
IL-13 0.50 1.10 0.57
IL-6 0.90 1.41 0.89
IFN-3 0.50 1.17 0.57
IFN-y 0.90 0.37 0.53
FGFb 0.90 1.44 0.92
PDGF 1.10 1.13 0.82

7.5 2.2.2 Cytokine localisation
7.5.2.2.2.1 Controls

Omission of the primary or secondary antibody confirmed negative staining. 

(Figure 7.9). Substitution of the primary antiserum with non-immune serum 

showed weak non-specific binding.
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Figure 7.9. Negative control section: (A) Section of an OSF to wtiich anti-IL-6 primary antibody
was omitted but secondary antibody was added. Some of the basal kératinocytes
contain melanin, (B) Another section of OSF to which anti-IL-6 primary antibody was
added but secondary antibody was omitted. Original magnification x63
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7.5.2.2.2.2 Test specimens 

Interleukins:

Normal mucosa:

Normal buccal mucosa showed positive immunoreactivity to IL-1p in the 

epithelium. Fibroblasts and endothelial cells also reacted, but the intensity of the 

staining was low and variable between different specimens. The mean of the 

subjective estimation for this cytokine was 0.50 (Table 7.5). All normal mucosa 

showed homogeneous faint staining of IL-6 in the epithelium. Staining of serial 

sections suggested that occasional T cells, fibroblasts and endothelial cells 

reacted faintly in the connective tissue of all normal tissues. The mean 

estimation for this cytokine in normal tissues was 0.90 (Table 7.5).

Oral submucous fibrosis:

Pre-treatment: All OSF specimens showed a positive reaction to IL-ip

throughout the epithelium, with greater intensity in the basal layer. Mononuclear 

cells in the lower half of the epithelium, and fibroblasts and endothelial cells in 

the lamina propria, were positively stained (Figure 7.10). 8 out of 29 OSF 

sections showed positive granular pigment just below the epithelium in 

melanophages. The connective tissues of OSF showed strong staining of the T 

lymphocytes, fibroblasts, and endothelial cells (Figure 7.11). The mean of the 

subjective estimation of IL-ip and IL-6 in OSF before treatment is 1.10 and 1.41 

respectively (Table 7.5).

Post-treatment: OSF specimens after treatment with rh IFN-y showed a similar 

pattern of IL-ip staining as before. However, the intensity of staining was 

diminished. Staining for IL-6 showed a considerable reduction. The estimated 

levels for these cytokines were comparatively less than before treatment, 1.10 

versus 0.57 and 1.41 versus 0.89 for IL-ip and IL-6 respectively (Table 7.5). 

The detailed results of subjective estimation for the interleukins investigated are 

shown in Appendices 7.5 and 7.6.
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Figure 7.10. OSF: IL-1(3 staining shows pale background staining of epithelium, but strong 
expression of chronic inflammatory cells. Original magnification x63

Figure 7.11. Staining with IL-6 shows positive staining of endothelial cells in OSF. Together with 
some stromal cells there is also some light background staining of the extracellular 
matrix. Original magnification x63
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Interferons:
Normal mucosa:

Normal mucosal epithelium showed positive staining with IFN-p. Lymphocytes 

and fibroblasts in the connective tissue were also positive for IFN-p. More 

fibroblasts reacted against IFN-p in the normal tissues compared to OSF but the 

overall staining intensity was less. Endothelial cells were weakly positive for 

IFN-p. The mean estimated positive staining for IFN-p was 0.50. In contrast, the 

normal mucosa showed IFN-y-positive lymphocytes both within the epithelium 

and connective tissues. The mean estimation for IFN-y in these tissues was 0.90 

(Table 7.5).

Oral submucous fibrosis:

Pre-treatment: All OSF specimens showed strong positive staining of 

fibroblasts and lymphocytes in the lamina propria with IFN-p. The density of the 

cells was higher compared to normal mucosa. There was weak homogeneous 

staining with IFN-p in the epithelium, with occasional positive monocytes 

observed in the lamina propria (Figure 7.12). In contrast, the antibody against 

IFN-y showed little or no staining in most of the OSF specimens. There was faint 

positive staining of a small number of monocytes in the lower half of the 

epithelium and lamina propria (Figure 7.13A). The estimated numbers of 

positive cells are shown in Table 7.5.

Post-treatment: The antibody directed against IFN-p in the post-treatment

specimens revealed positive fibroblasts and endothelial cells, but the number of 

positively stained cells and their intensity was comparatively fewer (0.57) than in 

the pre-treatment sections (1.17). The antibody against IFN-y reacted differently, 

in that the staining of positive T cells was stronger and greater in number both in 

the epithelium and connective tissue than before treatment (Figure 7.13B). The 

mean levels were 0.37 and 0.53 in the pre- and post-treatment specimens 

respectively (Table 7.5). The detailed results of subjective estimation for the 

interferons investigated are shown in Appendices 7.7 and 7.8.
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Figure 7.12. Strong positive staining of lymphocytes, fibroblasts and endothelial cells with IFN-p in 
OSF before treatment. Original magnification x63.



Chapter 7. Histology and immunohistochemistrv 190

. /

:■* '

/f.. . -V-

**v
'Hi
‘ •4

* »

•  A  <^ , : 'I •  ̂ /
«  » ,N  ■ * "  '  ^  Î  v * J

»

: P

4t

>/ Î

K ' ♦ .
Figure 7.13. Staining with IFN-y is minimal with very few positive mononuclear cells in the lamina 

propria in OSF before treatment (A). (B) After treatment staining is generally heavier in 
both epithelium and lamina propria with comparatively more positive mononuclear 
cells in the lamina propria. Original magnification x63
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Fibrogenic cytokines:
Normal mucosa:

Expression of FGFbasic in the normal mucosa was observed in the epithelium, 

predominantly in the suprabasal layer, and endothelial cells and fibroblasts in 

the connective tissue. The estimated mean level of this cytokine was 0.90 

(Table 7.5). With PDGF, there was weak staining of the endothelial cells, 

monocytes and fibroblasts in the connective tissue. There was weak positive 

staining for extracellular matrix components in the normal tissue. The mean 

density of positive cells with this growth factor was 1.10 (Table 7.5).

Oral submucous fibrosis:

Pre-treatment: Strong expression of FGFb in OSF was observed in the 

epithelium, endothelial cells and fibroblasts. The mean level of this cytokine was 

1.44, comparatively more than normal tissue (0.90) (Table 7.5). All lesional 

tissues showed a positive reaction to PDGF in epithelium, endothelial cells, 

monocytes and fibroblasts. Lesional epithelium showed a stronger positive 

homogeneous reaction compared to normal mucosa. The intensity of positively 

stained mononuclear cells throughout the lesional connective tissue was high. 

The extracellular matrix component in OSF showed some, though not 

excessive, staining with PDGF. Endothelium also showed positive staining to 

PDGF (Figure 7.14). The mean level was 1.13 (Table 7.5).

Post-treatment: In all cases staining with FGFb and PDGF showed a similar 

pattern compared to that seen before treatment but the intensity of staining was 

less. The mean levels of these cytokines were 0.92 and 0.82 respectively (Table 

7.5). The detailed results of the subjective estimation for the fibrogenic cytokines 

investigated are shown in Appendices 7.9 and 7.10.
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Figure 7.14. Antibody to PDGF shows background staining in the epithelium, but strongly positive 
intraepithélial dendritic cells (arrows). There are also foci of positive cells in the 
superficial lamina propria, which shows light background staining. Original 
magnification x63.
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7.5.2.S Discussion
To date, there has been no published work, which was attempted to localise 

cytokines in sections of OSF. However, several authors have demonstrated the 

presence of inflammatory and immunomodulatory cytokines and growth factors 

in the lesional tissues of other inflammatory and fibrotic diseases, for example 

oral lichen planus (OLP), keloids and hypertrophic scars (Ghahary et al. 1995, 

Rajendran et al. 1986, Yamamoto et al. 1994). This study therefore aimed to 

analyse the expression of inflammatory cytokines and growth factors in OSF 

immunohistochemically.

The distribution of IL-ip in the normal and lesional tissues was in accordance 

with the studies on OLP (Ghahary et al. 1995) and hypertrophic scars 

(Yamamoto et al. 1994), and may be due to infiltration of T lymphocytes and 

HLA-DR-positive cells. The strong positive staining of fibroblasts and endothelial 

cells suggests they may also be responsible for local generation of these 

cytokines, as reported by Loppnow and Libby (1989). Departure of these cells 

following treatment with rh IFN-y would then account for the reduction in cell- 

specific staining.

As might be expected, there was increased staining for the growth factors PDGF 

and FGFb in OSF. PDGF is normally released by degranulated platelets at the 

initiation of wound repair (Deuel 1987) leading to increase fibroblast influx 

(Assoian et al. 1987). Large numbers of positively stained monocytes, 

fibroblasts, endothelial cells and lymphocytes in the lesional connective tissues 

also release this growth factor. The light staining of extracellular matrix to PDGF 

indicates an excessive fibrous tissue formation in OSF. This result is in 

accordance with the study done by Bowen-Pope et al. (1984) that the binding of 

the highly cationic PDGF to components of the extracellular matrix, such as 

glycosaminoglycans, might be prolonged by the local activity of the factor at 

sites of fibrosis.

FGFb is a potent angiogenic factor and augments neovascularisation in normal 

as well as diseased tissues (Folkman et al. 1988). FGFb binds to heparin, and 

most extracellular FGF is sequestered by binding to heparan sulphate on the
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cell surface and in the extracellular matrix. FGFb forms a complex resistant to 

matrix metalloproteinases in the extracellular matrix when it binds to heparin 

sulphate in the presence of TGF-p (Saksela et al. 1988). The expression of 

FGFb in OSF was thus high. This pattern of staining correlates with our present 

understanding of excessive collagen deposition via synergistic effects of 

cytokines and growth factors in OSF.

The expression of cytokines IL-ip, IL-6 and IFN-y in this study was consistent 

with the levels of the same cytokines synthesised by PBMC of OSF patients 

before treatment. The expression in the post-treatment specimens for all 

molecules except IFN-y showed a reduction in the intensity of positive staining in 

the OSF. These reductions suggest that treatment with intra-lesional rh IFN-y 

reverses the fibrotic processes operative in OSF.
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Chapter 8 
Discussion

8.1 Current and past concepts of aetiology

OSF is known as an insidious chronic fibrotic disease of the oral cavity, which also 

occasionally involves the pharynx, and upper third of the oesophagus (Pindborg 

and Sirsat 1966, Canniff et al. 1986, Maher et al. 1995). The most relevant 

aetiologic factors for the development of this condition would appear to be areca 

alkaloids and tannins in the areca nut or betel quid (pan) or its components 

(Canniff et al. 1981, Murti et al. 1985 Maher et al. 1994). Genetic, immunogenic, 

nutritional, and even autoimmune mechanisms have also been proposed as 

factors (Pillai et al. 1992, Rajendran 1994 Maher et al. 1997). Despite its striking 

clinical features, which are well recognised, OSF is not a common condition but 

occurs almost exclusively in Southeast Asia, mainly among the population of the 

Indian subcontinent. Pindborg et al. (1968) estimated 0.5% of 50,915 Indians 

examined had OSF. Although the clinical and histological features have been 

widely reported, once the disease has developed there has been no effective 

treatment (Gupta and Sharma 1988). Many studies have shown that this condition 

also has a malignant potential (Paymaster 1956).

In OSF, the role of epithelial-mesenchymal interactions is unknown, but may be 

involved in both the fibrous hyperplasia and epithelial atrophy with or without 

dysplasia. Some of the causative factors have been identified in this work, namely 

alkaloids from the chewing of betel quid. No attempt was made to study the 

epidemiology of this condition in a rigorous way. The screening of the patients in 

London primary health care centres was essentially carried out to find patients for 

the subsidiary studies. After noting a very low prevalence, two patients out of 315 

betel quid chewers, a limited study was carried out in Dhaka by Dr Anowar 

Hussain in collaboration with the author merely to establish whether OSF did 

occur in a Bangladeshi population. Here, a prevalence of 11% OSF patients was 

found in a highly selected group of self-referred patients attending a specialist 

centre for the management of oral disease. Hence, Bangladeshi chewers are as 

vulnerable to the development of OSF as the Indians are. The question as to why 

is the basis of the subsequent studies.
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8.2 Genetics and HLA profile

The earliest genetic study by Canniff et al. (1985) showed an increased 

frequency of DR3 in a group of OSF patients compared to their non- 

consanguineous, ethnically matched healthy controls, and a group of healthy 

Hindu immigrants to the USA. They also found increased frequencies of A10, 

and B7 in OSF patients compared to their controls. Later Canniff et al. (1986) 

also demonstrated the haplotypic pairs A10/DR3, B8/DR3 and A10/B8 in OSF 

patients. A similar study done by van Wyk et al. (1994b) failed to demonstrate a 

specific pattern of HLA antigen frequencies in betel quid chewers, with or 

without the occurrence of OSF. However, scrutiny of these data by Walsh 

(1997- personal communication) suggests a trend, which could have been 

explored with further data.

The findings of this study, which employed a novel phototyping analysis of white 

cell DMA compared to the older serological method (Table 3.5), clearly showed 

an HLA profile which distinguished OSF patients from their relatives and non- 

consanguineous ethnic and Caucasian controls. 21 OSF patients showed a 

significant difference from their relatives group when compared for the antigens 

A24 and Bw6 and from the ethnic control group for the antigens Bw6, DRB1 11 

and DRB3. The difference between the patients and their relatives, and the 

patients and the ethnic control groups for the antigens Bw6 and DRB1 11 

respectively could be spontaneous, or due to the small sample size in these two 

control groups. Furthermore, there were no differences between unaffected 

relatives and the ethnic controls. The OSF patients also had an increased 

frequency of A24, Bw6, DRB1 11 and DRB3 0202/3 compared to age and sex 

matched Caucasian controls, but the ethnic controls did not show a distinguishing 

HLA patterns from the Caucasians.

Other fibrotic diseases, such as scleroderma, also show genetic predisposition but 

the pattern of HLA antigens is different from OSF. Arnette (1995) reported that the 

HLA-DQ alleles DQB1 *0501 (DQ5), DQB1 *0301 (DQ7) are strongly associated 

in subsets of systemic sclerosis with an anti-centromere autoantibody, and DQB1 

*0301 (DQ7), DQB1 *0302 (DQ8), and DQB1 *0601 (DQ6 in Japanese) with an 

anti-topoisomerase I autoantibody. Rihs et al. (1996) showed in a PCR- sequence
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specific oligonucleotide typing that the frequency of HLA-DPB1 *1301 was 

significantly greater in idiopathic systemic sclerosis compared to unrelated healthy 

controls. Interestingly, Vargas-Alarcon etal. (1995), Reveille (1995) and Falkneret 

al. (1998) found that HLA-DR5 (DR11) and HLA-DRB1 *0301 were strongly 

associated with both anti-centromere and anti-topoisomerase autoantibodies in 

systemic sclerosis; these were the HLA-DR alleles observed with increased 

frequency in the OSF patients in this study. Falkner et al. (1998) also described a 

significant reduction in the frequency of HLA-DR7 in anti-centromere 

autoantibody-positive systemic sclerosis, a finding which is similar to the earlier 

study on OSF conducted in the same laboratory (Canniff et al. 1985).

The results of the present study also showed (see Table 3.6) reduced antigen 

frequencies of B44, Cw0501, Cw0701, DRB3 0101 and DQB1 0602 in OSF 

patients, their relatives and ethnic controls compared to the Caucasian control 

group. Sood et al. (1991) showed close association of the antigen DQB1 with 

Indians, whereas in this study the subgroup of this antigen DQB1 0602 was 

observed in reduced frequencies in the patients with OSF, their relatives and 

ethnic controls compared to Caucasians. This indeed supports a normal ethnic 

difference. Furthermore, Canniff et al. (1985) reported that OSF patients had a 

reduced frequency of DR7 compared to controls, whereas in this study the 

comparable antigen DRB1 0701 did not show any significant difference 

between the patients and the Caucasian control groups. Sood et al. (1991), on 

HLA typing with PCR-allele specific oligonucleotides, mentioned that there was 

decreased DRB1 allele expression among healthy Indians, but an increased 

expression has been observed in this study in those with OSF. There is no 

other published work showing a more varied pattern of antigen frequencies in 

OSF subjects.
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8.3 Cytokine profile

As discussed in Chapter 4, cytokines appear to be of great importance in fibrotic 

disorders. The present work has shown an increased synthesis of IL-1p, IL-6, 

IL-8 and TNF-a in OSF PBMC.

Increased evidence of IL-1p production by the stimulated PBMC from patients 

with OSF compared with that by the Caucasian controls is supported by the 

reports published by Westacott et al. (1988) and Umehara et al. (1990). These 

workers demonstrated that scleroderma patients produced higher levels of IL-ip 

compared with normal control subjects, although McCauley et al. (1992) and 

Needleman et al. (1992) showed that stimulated PBMC of patients with keloids 

and systemic sclerosis respectively did not synthesise significantly different 

levels from that by the controls. The role of IL-1 in fibrotic disease is therefore 

still not clear, but it is well known that IL-1 stimulates fibroblast proliferation 

(Schmidt et al. 1982) and prostaglandin synthesis, which is involved in both 

matrix breakdown and synthesis (Klein and Raisz 1970, Ueda et al. 1980). 

Furthermore, it is well documented that IL-1 stimulates fibroblast synthesis of 

collagenase, which is involved in collagen breakdown rather than synthesis 

(Dayer et al. 1986).

The increased evidence of IL-6 production by stimulated monocytes from 

patients with OSF was consistent with the results observed in the patients with 

keloid and scleroderma (McCauley et al. 1992, Crestani et al. 1994). The 

experimental evidence of overproduction of IL-6 by PBMC of scleroderma 

fibroblasts shown by Kahaleh and Yin (1992 and Feghali et al. (1992) is also a 

contributor in the idea of the pathogenesis of other fibrotic diseases like OSF. 

Similarly, an increased production of IL-8 by scleroderma fibroblasts (Reitamo 

et al. 1993) and Crestani et al. 1994) also supports the significantly increased 

level of this cytokine synthesised by the stimulated PBMC of OSF patients in 

this study.

Comparable results were also obtained for TNF-a in scleroderma (McCauley et 

al. 1992). Thornton et al. (1990) mentioned that TNF-a has a dual role in
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fibroblast proliferation and inhibition of proliferation. They found that low 

concentrations of this cytokine stimulate proliferation, but high concentrations 

inhibit the proliferation of fibroblasts. A similar function was also observed for 

collagen synthesis in fibrotic diseases (Kovacs 1991). Perhaps the most striking 

finding was a reduction in the antifibrotic cytokine IFN-y. There were no 

differences in unstimulated PBMC. When OSF patients and their relatives are 

compared for TNF-a synthesis by stimulated PBMC, no statistical difference is 

observed. By contrast, when stimulated PBMC are tested, the Caucasian 

control group showed significantly higher levels of IFN-y synthesis than that the 

patient, relative and ethnic control groups. A reduced level of IFN-y was also 

reported by McCauley et al. (1992) in a study of keloid patients where the levels 

of IFN-y was significantly lower in patients compared to control subjects. This 

impaired production of IFN-y may be a key feature in the complex process of 

OSF pathogenesis.

8.4 The effects of IFN-y on collagen synthesis

In this study it was found that IFN-y caused a concentration dependent inhibition 

of collagen synthesis in vitro by stimulated human fibroblasts harvested from 

OSF (Chapter 5). This result was consistent with the clinical and histological 

study done by Granstein et al. (1990), who showed that local injection of 0.1 mg 

rhIFN-y three times a week for three weeks reduced the keloid scar by about 

30% in all of their ten patients. Histological changes showed a reduced quantity 

of thickened collagen bundles, active fibroblasts and inflammatory cells. The 

latter authors also demonstrated in their in vivo studies in mice that rh IFN-y 

inhibited fibrotic response to an implanted foreign body and to the healing 

response in cutaneous thermal burns. Similar studies done by Larrabee et al.

(1990) on human hypertrophic and keloid scars found that an intra-lesional 

injection of rh IFN-y 0.05 mg once a week for 10 weeks coincided with a 

significant reduction in size (at least 50%) without any major or serious side- 

effects in ten patients. They only encountered mild headache. Latina et al.

(1991) found that rh IFN-y at a concentration of 1000 U/ml reduced collagen 

synthesis by about 57% and also that the cell proliferation in Tenon’s capsule
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fibroblasts, which they believed were responsible for scar formation after 

glaucoma surgery.

The clinical trial of local infiltration of rhIFN-y into the buccal mucosa of OSF 

patients showed improvement of mouth opening and some other common oral 

symptoms of OSF, such as suppleness of the mucosa, burning sensation and 

taste without any major side effects. The side effects experienced by the 

patients were simple headache, flu-like symptoms and myalgia that only 

required treatment with paracetamol. The improvement of inter-incisal distance, 

burning sensation, diminished taste sensation and blanched oral mucosa is a 

significant milestone compared to the surgical excision of the scar tissue with a 

split-skin graft or topical application / injection of steroids.

As stated, previous studies suggest that intra-lesional injection of rh IFN-y has a 

beneficial effect in the treatment of patients with keloids and hypertrophic scars 

(Larrabee et al. 1990, Granstein et al. 1990), as well as systemic sclerosis 

(Kahan et al. 1989a, Hein et al. 1992). Histologically, the latter conditions are 

similar to OSF. The mechanism by which rh IFN-y improved the clinical status of 

patients with OSF is difficult to determine. Based on the results of this thesis, it 

can be proposed that an inhibitory effect on fibroblast proliferation and collagen 

biosynthesis, and immunoregulatory actions might be responsible. This 

hypothesis is supported by the studies on systemic sclerosis (Kahan et al. 1986, 

Kahan et al. 1989b, and Whiteside et al. 1985). The immunohistochemical 

studies (Chapter 7) also support the findings of Pober et al. (1983), who 

proposed that IFN-y might enhance the expression of MHO class II on antigen 

presenting cells and the vascular endothelium in the lesion, and that these cells 

may generate matrix metalloproteinase (collagenase) for restoring collagen 

homeostasis.
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8.5 Inflammatory cell infiltrates in OSF

The results of immunostaining showed a high degree of infiltration of CD3-, 

CD4- and HLA-DR-positive LG both in the epithelium and in the lamina propria 

of OSF compared with normal mucosa. The pattern of staining for CD4 and 

HLA-DR suggests an increased infiltration of activated lymphocytes and of LG 

in OSF. Post-treatment, the density of GD3- and GD4-positive cells was 

reduced but the number of HLA-DR-positive LG was similar or increased, with 

apparent morphological changes in the latter.

Despite the apparent increase in the density and HLA-DR expression of LG; 

HLA-DR expression by kératinocytes was never observed. It is possible that this 

represents an intrinsic feature of keratinocyte functions in OSF, possibly 

attributable to the same antigens that stimulates the observed increased density 

and MHG class II expression. Selective HLA-DR upregulation on LG, but not 

kératinocytes, has been demonstrated in organ cultures of oral mucosa treated 

with cytokines (Ishii et al. 1990). However, it would be expected that IFN-y 

would cause some induction of MHG class II expression by kératinocytes, as 

reported by Mutlu et al. (1991), if these cells were functioning normally. This 

aspect is worthy of further investigation. The post-treatment specimens showed 

more prominent dendrites on LG, some of which may also be GD4-positive. 

Some LG express GD4 at all times, but the local infiltration of rh IFN-y may 

induce more LG to express it (Walsh et al. 1987) as well as HLA-DR (Berman et 

al. 1985). Upregulation of LG as a result of local infiltration of IFN-y may induce 

the production of IFN-y by local lymphocytes in a paracrine fashion. Such 

production would make good the deficit apparent in OSF and account for the 

improvement seen. This mechanism is currently speculative, but is amenable to 

experimental investigation in the future. The observations with regard to LG 

raise the possibility that other monocyte lineages may also have a role to play in 

OSF, a topic also to be looked at further in the future.

Studies by Larsen et al. (1989) and Schroder (1992) have shown that infiltration 

of lymphocytes, monocytes and macrophages in an inflammatory site is 

promoted by a chemoattractive cytokine concentration gradient, and by cell
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surface molecules whose expression is regulated by cytokines (Dustin et al. 

1986). Therefore, increased infiltration of lymphocytes in the epithelium and 

sub-epithelium indicates an enhanced pro-inflammatory and fibrotic cytokine 

production. Because of the unavailability of specific antibodies against the 

subsets of CD4 cells (ThO, Th1 and Th2), it is as yet not possible to identify the 

predominant cell type responsible for cytokine release in OSF.

8.6 Cytokines and growth factors

The results of immunostaining for the inflammatory and immunomodulatory 

cytokines suggested a role for cytokines in the pathogenesis of OSF. The 

results were more difficult to interpret, since ECM background staining was a 

problem with some of the anti-cytokine antibodies. Nevertheless, the greater 

intensity of staining for IL-lp and IL-6 in pre-treatment OSF compared to that in 

the normal mucosa indicates an ongoing inflammatory reaction in OSF. These 

findings are again similar to the findings in OLP (Ghahary et al. 1995) and 

hypertrophic scars (Yamamoto et al. 1994).

The cytokine staining pattern in OSF before and after treatment was consistent 

with the lymphocyte and LC observations by immunohistochemistry and in 

addition there was evidence that fibroblasts and endothelial cells could also be 

responsible for local cytokine generation (Loppnow and Libby 1989). The 

positive staining of several pro-inflammatory cytokines suggests there might be 

co-operative cytokine generation between immune cells, kératinocytes and 

other cells such as fibroblasts and endothelial cells. This notion has been 

prompted by work on IL-ip and IFN-y in stimulated PBMC from keloid patients 

as analysed by ELISA (McCauley et al. 1992).

This may be the case with the fibrogenic cytokines PDGF and FGFb that the 

increased numbers of positively stained fibroblasts, endothelial cells and 

lymphocytes in OSF were positively stained due to the release of these growth 

factors by degranulated platelets at the site of fibrosis. Deuel (1987) also 

showed similar reactions at the initiation site of wound repair. The other 

possible cascade of these activities could be due to increased fibroblast influx
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and fibrosis (Assoian et al. 1987). The positive staining for extracellular matrix 

to PDGF, albeit light, indicates an excessive deposition of fibrous tissue 

formation by fibroblasts, endothelial cells and lymphocytes which is in 

accordance with the study reported by Bowen-Pope et al. (1984). The 

expression of FGFb in OSF also correlates with present understanding of the 

excessive deposition of collagen due to a synergistic effect.
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Chapter 9 
Conclusions

9.1 Summary of the main findings

OSF is a localised oral and pharyngeal submucosal scarring reaction to areca 

alkaloids and tannins in the patients with certain characteristics, namely-

a) An increased frequency of HLA antigens A24, Bw6, DRB1 11, and BRB3 

0202/3, and decreased frequencies of B44, CwOSOI, Cw0701, DRB3 0101 and 

DQB1, when compared to Caucasian, ethnic and familial controls. This 

suggests there is a specific genetic susceptibility to the condition.

b) The profile for the cytokines studied by immunohistochemistry and ELISA 

showed an altered pattern of inflammatory and immunomodulatory cytokines in 

OSF, which was essentially a reduction in IFN-y compared to the Caucasian 

control group and to the combined control group. In vitro, the study of the effect 

of IFN-y on collagen synthesis showed that this cytokine dose-dependently 

inhibits collagen synthesis by arecoline-stimulated OSF fibroblasts. Infiltration of 

50pg (0.25 ml) of rh IFN-y intra-lesionally twice a week over eight weeks showed 

a significant improvement of mouth opening and other oral symptoms of OSF.

c) The inflammatory cell infiltrates showed increased levels of CD3-positive, CD4- 

positive and HLA-DR-positive cells compared to normal buccal mucosa. The ratio 

of CD4- to CD8-positive cells was also higher in the lesional tissues than in normal 

mucosa. This is evidence of an enhanced local inflammatory and 

immunomodulatory cytokine production to some components of the immune 

system in OSF. Although IFN-y treatment reduces the number of CD3-positive 

lymphocytes, the numbers of HLA-DR-positive cells appear to remain stable. 

Immunolocalisation of cytokines also showed increased levels of pro-inflammatory 

IL-ip and IL-6 in OSF, which reduced after treatment with rhIFN-y. There were 

also higher levels IFN-p and decreased levels of IFN-y compared to the normal 

tissues. The stronger positive staining for the growth factors PDGF and FGFb in 

OSF compared to the normal controls also suggests fibrogenic activity.
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In conclusion, it seems that an unidentified antigen in the areca nut produces a 

local inflammatory reaction that increases the permeability of the oral mucosa to 

arecoline and tannins. Depletion or an absence of the antifibrotic cytokine IFN-y 

may facilitate the ensuing fibrotic reaction. The result is a varying degree of 

fibrosis leading to extra-articular ankylosis. The results of the clinical trial with 

local infiltration of rh IFN-y intra-lesionally suggests that the administration of the 

cytokine has a beneficial effect, and rh IFN-y appears to be a useful agent in 

controlling or reversing the fibrosis and other subjective oral symptoms, without 

any major side effects in OSF. This assumes the patient has ceased the quid 

chewing habit.

9.2 Further research

Future work should aim to consolidate in vitro and in vivo findings. In vitro; there is 

a need to study the intrinsic or extrinsic factors that facilitate the penetration of the 

mucosa by areca nut constituents, to identify the constituents that produce the 

observed submucosal inflammatory reaction that in turn may also facilitate 

collagen production by the arecoline alkaloids and to confirm the role of the 

tannins in cross-linking collagen. Any direct effects of these agents on epithelial 

cells, particularly with reference to HLA-DR expression, are another potentially 

interesting topic.

In vivo; clinical trial of rhIFN-y for the treatment of OSF was open and 

uncontrolled. It was not possible to investigate a comparable control group, but the 

findings of this study provide grounds to suggest that the trial might be extended 

as a double blind, with injection of placebo, to ascertain or otherwise the efficacy 

of IFN-y in the treatment of OSF.
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Appendix 2.1 Questionnaire for mouth screening

Address:
Surname....................................... Home address: Hosp. no.
Other names........................................................................................................................
Date of birth...........................Sex......... M /F   Phone no...
Referred by  Date of examination.....................
Presenting complaints:
Blisters Recurrent stomatitis
Ulcers Excessive salivation
Inability to open mouth Difficulty in eating
Difficulty in swallowing Difficulty in whistling
Dryness of mouth Difficulty in blowing out a candle
Pain in the ear Deafness
Nasal voice
History of presenting compiaint(s) (if any):
1. Onset: Childhood / 15-20 / 21-30 / >30 (yr.) 2. Site of involvement Duration (yr.)
3. Associated features..................................... Cheek Uni- / bilateral...............................

..................................................................................  Palate....................................................

................................................................................... Floor of the mouth.......................
4. Present condition................................................  Fauces..................................................

Tongue.................
Lip: Upper / lower.

Habit history: Duration (yr.)
Chewing- Betel quid........................................ Types of nut Boiled / dried / roasted / other

Areca quid..............................................................................................................................
Areca nut......................................... Cessation of chewing habit................................
Tobacco quid.........................................................................................................................
others......................................................................................................................................

Smoking- Cigarette / Bidi................................  Cessation of smoking habit.................................
Cigar..............................................
Others...........................................

Food habit- Spicy / chilli / other___________________________________________________
Past medicai history: Famiiy history: Father / mother / sibs /
Skin disorders: brother / sister..............................................

Keloids............................................................................................................................................
Surgical scars...................................................

Other medical problems: Drug history:
Diabetes..........................................................................................................................................
Hypertension..................................................................................................................................
Kidney problem..............................................................................................................................

On examination:
Site of fibrosis...Cheek / palate / floor of the mouth / fauces / lip / ........................................................
Visible/ palpable fibrous bands...Yes/No..................................................................................................
Tough, leathery mucosa. Yes / No..........................................................................................................
Blanching of the mucosa. Yes/No................................... Scarring...Yes/ No......................................
Oral hygiene...Excellent / good / poor...................... Dentition.....Full / partial / edentulous.........
Other lesions Mouth opening..(Inter-incisal)................ mm
Previous treatment: Biopsy.:......Yes / No................................date.
Drugs Topical............................................................... Systemic....................................
Surgical Yes / No ...Site........................................................................................yr........
Present treatment pian:
Biopsy............................................................. Other investigations.............................................
Medicine (if required)....................................................................................................................
Recruitment for rhlFN-y trial...Yes / No Starting date...................................Signed............



Appendix 2.2 Clinical profile of provisionally diagnosed OSF patients among the betel quid chewers in Bangladesh and London

Bangladesh Involved area Clinical findings
SI# Age Sex Ok SP Lip Fauces FLM Tng Dur/yr. Bnds LthM BLM MO(mm)
1 47 F + + 30 + + 19
2 65 M + + 16 + + 19
3 55 F + + + 13 + + 19
4 52 F + + 12 + + 18
5 54 F + + 16 + + 19
6 55 F + + + 16 + + 15
7 63 F + + 11 + 15
8 45 F + + + 12 + + 18
9 62 M + + + 12 + + 18
10 72 M + + + + 30 + + 18
11 55 F + + + 23 + + 19
12 65 F + + + + 12 + + + 18
13 45 M + + + 22 + + 10
14 60 M + + 16 + 15
15 49 F + + + + 13 + + 19
16 63 M + + + 26 + + 8
17 66 M + + + 26 + + + 18
18 46 M + + + 15 + + 19
19 52 M + + + 23 + + 20
20 45 F + + 14 + + 19
21 59 F + + 30 + 14
22 65 M + + + 11 + + 18
23 50 M + + 13 + + 10
24 58 F + + 16 + + 10
25 52 M + + 22 + + 10
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26 55 F + + 26 + + 20
27 58 F + + 26 + + 19
28 45 F + + 12 + + 19
29 45 F + + 12 + + 12
30 45 F + + 12 + + 12
31 55 M + + + 8 + + 16
32 42 M + + 14 + + 18
33 48 M + + 13 + + 18
34 70 M + + + 14 + + 20
35 52 M + + + 13 + + 12
36 48 F + + + + 14 + + + 10
37 45 M + + 30 + + 12
38 44 M + + + 14 + + 12
39 43 F + + + 30 + + 13
40 47 M + + + 13 + + 17
41 32 M + + + 12 + + 19
42 48 F + + + 12 + + 17
43 49 F + + + 12 + + 20
44 48 M + + + 23 + + 19
45 51 M + + + 17 + + 18
46 65 M + + 13 + + 18
47 52 M + + + 14 + + 19
48 43 M + + 12 + + 19
49 59 M + + + 14 + + 16
50 50 M + + + 15 + + 16
51 61 M + + 20 + + 18
52 48 M + + + 12 + + 19
53 60 F + + 19 + + 15
54 43 M + + + 13 + + 12
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55 65 M + + + 15 + + 14
56 44 M + + 15 + 19
57 56 M + + + 12 + + 18
58 55 M + + 30 + + 17
59 61 M + + + 13 + + 18
60 48 M + + 14 + + 15
61 59 M + + + 12 + + 19
62 53 M + + + 12 + + 18
63 47 M + + 16 + + 14
64 70 M + + + 18 + + 14
65 66 F + + 18 + + 15
66 62 M + + + 18 + + 14
67 67 M + + + 18 + + 14
68 55 M + + + 15 + + 18
69 63 M + + + 16 + + 17
70 62 M + + + 10 + + 16
71 54 M + + + + 14 + + 16
72 61 M + + + 18 + 17
73 61 M + + + 28 + + 19
74 46 F + + 16 + + 19
75 58 F + + + 8 + + 17
76 52 F + + + 14 + + 18
77 61 M + + + 8 + + 19
78 62 F + + 18 + + 14
79 56 F + + + 8 + + 18
80 58 F + + 16 + 18
81 50 F + + + + 8 + + 18
82 61 M + + + 16 + + 17
83 60 M + + + 14 + 17

Appendices 233



84 56 M + + + 17 + + 18
85 65 M + + 11 + + 18
86 50 F + + 15 + 18
87 56 F + + 14 + + 20
88 55 M + + 21 + + 20
89 49 F + + + 24 + + 19
90 48 F + + 28 + 19
91 61 M + + 18 + + 18
92 47 M + + + 12 + + 19
93 56 M + + + 18 + + 15
94 50 M + + + + 16 + + 14
95 62 M + + + 24 + + 17
96 57 M + + + 15 + + 18
97 62 M + + 17 + + 16
98 53 M + + + + 14 + 18
99 60 M + + + 13 + + 18
100 56 F + + + + 24 + + 14
101 56 F + + + 5 + 16
102 62 F + + 13 + + 17
103 50 F + + 14 + + 16
104 54 F + + + 24 + + 18
105 63 M + + + 17 + + 19
106 60 M + + 16 + + 17
107 72 M + + 8 + 14
108 45 F + + + 14 + + 19

London
109 59 M + + + 6 + + 15
110 56 M + + + 10 + + + 30

Mean 55 69 110 68 22 36 47 14 16 88 62 62 17
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Median 55 62.7% 9% 6% 2% 3% 4% 1% 14.5 7% 5% 5% 18
SD 7.6 41 5.7 3.0
Min 32 37.3% 5 8
Max 72 30 30
95% Cl 1.42 1.07 0.55

Ck = Cheek, SP = Soft palate, FLM = Floor of the mouth, Tng = Tongue, Dur/Yr. = Duration in year, Bnds = Fibrous bands in the cheek, LthM = Leathery mucosa, BLM = Blanching of 
the mucosa, MO (mm) = Mouth opening in mm.
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Appendix 3.1 Identification (ID) of patients and controls

SI.# Patients’ ID 
Name Sex/age Hos. #

Controls’ ID 
Relative/age Caucasian Ethnic

•1 Mr. Hashmukh Patel M/43 9316739 Son/14 M/45 M/42
•2 Mrs. Prafula Patel F/41 9317499 Mephew/14 F/36 F/42
•3 Mrs. Savita Patel F/49 9112413 Sister / 47 F/46 F/41
•4 Mr. Irshad Hassan M/58 8503692 Sons/21,20 M/52 M/64
•5* Mrs.M Chandarana F/51 8613968 Son/18 F/53 F/30
•6* Mrs. S N Ullah F/60 9109627 Son/36 F/59 F/58
7 Mrs. Ghauri Fartiat F/55 9311352 Daughter/27 F/55 F/33
8 Mr. Abdul Asif M/27 9517753 Sister / 25 M/30 M/26
9 Mr. J D Patel M/37 9504501 Son /15 M/33 M/37
10 Mrs. Pan/in Raja F/33 9403209 Daughter/15 F/34 F/28
11 Ms. Lutfa Tajud F/16 9202567 Parents/53,48 F/20 F/25
12 Mrs. Sovinder Sahota F/47 9520290 Son/25 F/33 F/23
13 Mrs. Jamna Patel F/57 8908597 Son/24 F/54 F/29
14* Mrs. Shudha Singh F/42 8805243 Daughter/20 F/22 F/41
15 Mr Keyur Patel M/22 9503157 M/24 M/22
16 Mrs. Kanchan Oza F/64 9205474 Daughter/40 F/63 F/42
17 Mrs. Kanchan Shah F/52 9217532 Daughter/24 F/53 F/30
18$ Mr. Bhavesh Vyash M/31 9403799
19 Dr. Duru Lilaram F/60 8203276 F/57 F/47
20 Mr. Mahindra Maker M/49 9520303 Son/16 M/33 M/34
21 Mrs. Prabha Pankhania F/56 9433375 G/Daughter/15 F/58 F/27
22 Mr. Pankaj Pankhania M/38 9501138 Daughter/15 M/39 M/37
23 Mr. Chunilal Dattani M/58 8204875 Son/35 M/61 M/37
24 Mrs. Labhu Ladwa F/41 9307646 Daughter/16 F/43 F/30
25 Mrs. Parin Virani F/54 9521443 Daughter/30 F/25 F/26
26 Mrs. Khatija Ismail F/65 8205686 Son/36 F/34 F/34
27 Mr. Manibhai Patel M/68 9516757 Daughter/42 M/35 M/57
28 Mr. Harrish Maker M/40 9010882 Mephew/16 M/38 M/46
29 Mrs. Mutan Vaya F/41 9517116 Daughter/16 F/42 F/31
30* Mrs. Gurdev Panesar F/59 8809966 Daughter/32 F/54 F/27
31 Mr. Jotin Kumar Modi M/34 9515634 Brother/30 M/25 M/35
32 Mr. A K Patel 61/M 8207539
33* Mr. Amritlal Shah 54/M 8805605
34* Mr. Hashmukhlal Shah 54/M 8900380
35* Mr. Rajendra Thakore 37/M 8803181
36 Mrs. Mandha Bharti 45/F 9507252
37 Mrs. Rahat Afza Hasan 50/F 8303726
38 Mrs. Sharezad Sheikh 49/F 8006215
39 Mrs. Parveen Sherali 53/F 8201455
40 Mrs. Masreen Khan 38/F 8402010
41 Mr. Poonabhai Gadhavi 37/M 9605075
42 Mrs. Kiran Popat 42/F 9602988
43* Mrs.Murun M Khatun 48/F 8905461
44* Mrs. Mistry Miranjana 33/F 8906933
45* Mr. Singania Ajaypat 52/M 8907471
46* Mr. Hashmukh Shah 55/M 9003917
47* Mr. Idrees Dehivi 54/M 8306369
48* Mr. Topiwala Jakisan 59/M 8705084
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49* Mr. Odedra Muru 53/M 8703475
50* Mrs. S Chandamani 51/F 8507614
51 Miss. Farah N Choudry 28/F 9012666
52* Mrs.Taiiochan K Ryait 54/F 8514982

1-29 received treatment with recombinant human interferon gamma (rhIFN-y)
* biopsy taken for in vitro study for collagen synthesis

♦ Left the trial at the middle of the treatment course and didn’t volunteer blood for PBMC cytokine assay 
and HLA typing.
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Appendix 3.2 Alleles considered in Phototype development.'

HLA-A HLA-B HLA-B HLA-Cw HLA-DRB HLA-DQB1
A*0101-02 8*0702-05 8*4601 Cw*0101-02 DR81*0101-04 DQ81*0201-02
A*0201-17 8*0801-02 8*4701 Cw*0201-02 DR81*1501-05 DQ81*0401-02
A*0301-02 8*1301-03 8*4801 Cw*0302-04 DR81*1601-06 0081*0501-04
A*1101-02 8*1401-02 8*4802 Cw*0401-02 DR81*0301-05 0081*0601-09
A*2301 8*1501-26 8*4901 Cw*0501 DR81*0401-22 0081*0301-05
A*2402-07 8*1528-29 8*5001 Cw*0602 DR81*1101-22
A*2501 872v 8*5101-05 Cw*0701-04 DR81*1201-03
A*2601-05 813x15 851v 1̂ Cw*0801-03 DR81*1301-12
A*2901-02 8*1801-02 851GACI^ Cw*1201-03 DR81*1314-22
A*3001-05 8*2701-09 8*52011/2 Cw*1301 DR81*1401-21
A*31011/2 8*3501-13 8*5301 Cw*1402-03 DR81*0701
A*3201 8*3701 8*5401 Cw*1501-05 DR81*0801-11
A*3301-03 8*3801-02 8*5501-02 Cw*1601-02 DR81*0901
A*3401-02 8*3901-08 8*5601-02 Cw*1701 DR81*1001
A*4301 8*4001-08 8*5701-03
A*6601-02 8*4101-02 8*5801-03 DR83*0101
A*6801-02 8*4201 8*5901 DR83*0201-03
A*6901 842v 8*67011/2 DR83*0301
AV401 8*4402-06 8*7301
A*8001 8*4501 8*7801-2 DR84*0101-03

845v 8*8101 DR84*010112N

DR85*0101-02
DR85*0201-03

"Retracted sequences are not included in this table.
1̂  Unsequenced, potentially new alleles identified in this publication and reference Bunce et al. 
1994a, 1994b
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Appendix 3.3 Phototyping Sense Primers

Sense 
primer #

Locus and 
annealing position*

Primer sequence

193 HLA-A & B Ex2 170-188 5- 9 9 A 9 T A T T 9 9 9 A C C 9 9 A A C

208 tlLA-A & B Ex2 220-238 5- A C C 9 A 9 A 9 A A C C T 9 C 9 9 A T

294 HLA-A & B Ex2 210-229 5- T C A 0 A 9 A C T 9 A 0 C 9 A 9 A 9 A 9
371 HLA-A &CEx2 5-25 5- 0 C A 0 T C C A T 9 A 9 9 T A T T T C T C

173 HLA-A Ex2 5-25 5- 0 C A 0 T 0 C A T 9 A 9 9 T A T T T 0 T T

174 HLA-A Ex2 168-186 5- 0 C 9 9 A 9 T A T T 9 9 9 A 0 0 T 9 0

239 HLA-A Ex3 63-80 5- 9 9 9 T A C C A 9 C A 9 9 A C 9 C T

284 HLA-A Ex2174-192 5- T A T T 9 9 9 A C 9 A 9 9 A 9 A C A 9
286 HLA-A Ex2113-130 5- C 9 A C 9 0 C 9 C 9 A 9 C C A 9 A A

288 HLA-A Ex2 210-229 5- T C A 0 A 9 A 0 T 9 A 0 0 9 A 9 C 9 A A

290 HLA-A Ex2 191-209 5- A 0 9 9 A A T 9 T 9 A A 9 9 C 0 C A 9
291 HLA-A Ex2 111-127 5- A 9 C 9 A C 9 C C 9 C 9 A 9 C C A

292 HLA-A Ex2 166-184 5- 9 9 0 0 9 9 A 9 T A T T 9 9 9 A C 9 A

293 HLA-A Ex2 152-170 5- 9 A T A 9 A 9 0 A 9 9 A 9 A 9 9 C C T

295 HLA-A Ex2 37-53 5- C 0 C 9 9 0 0 0 9 9 C A 9 T 9 9 A

296 HLA-A Ex2 149-167 5- 9 T 9 9 A T A 9 A 9 C A 9 9 A 9 9 9 T

434 HLA-A Ex2 5-25 5- C C A C T C C A T 9 A 9 9 T A T T T C A C

451 HLA-A Ex3 63-80 5- 9 9 9 T A 0 0 9 9 C A 9 9 A C 9 C T

475 HLA-A Ex2 191-209 5- A C 9 9 A A A 9 T 9 A A 9 9 C C C A 9
493 HLA-A Ex2 89-107 5- C A C 9 C A 9 T T 0 9 T 9 C 9 9 T T T

130 HLA-B & C Ex3 59-76 5- 0 C 9 C 9 9 9 T A T 9 A C C A 9 T C

207 HLA-B & C Ex2 221-238 5- C C 9 A 9 A 9 A 9 C C T 9 C 9 9 A A

240 HLA-B & C Ex2 187-205 5- 9 A 9 A 0 A 0 A 9 A A 9 T A C A A 9 0 9
271 HLA-B & 0  Ex2 52-69 5- 9 9 9 A 9 0 C C C 9 0 T T C A T C T

368 HLA-B & 0 Ex2 210-228 5- 0 A C A 9 A C T 9 A C C 9 A 9 T 9 A 9
395** HLA-B &CEx2 117-133 5- 9 C 0 9 C 9 A 9 T T C 9 A 9 A 9 9
187 HLA-B Ex2 144-161 5- 9 C 9 C C 9 T 9 9 A T A 9 A 9 C A A

188 HLA-B Ex2 117-133 5- 9 0 0 9 C 9 A 9 T 0 0 9 A 9 9 A C

189 HLA-B Ex2 181-199 5- A C 0 9 9 A A 0 A 0 A C A 9 A T C T 9
192 HLA-B Ex2 181-199 5- A 0 0 9 9 9 A 9 A 0 A C A 9 A T C T 0

194 HLA-B Ex2 195-212 5- A A C A T 9 A A 9 9 0 C T C 0 9 C 9
195 HLA-B Ex2 180-199 5- 9 A C 0 9 9 A A C A C A C A 9 A T C T T

197 HLA-B Ex2 157-173 5- A 9 C A 9 9 A 9 9 9 9 0 C 9 9 A A

202 HLA-B Ex2 51-68 5- 9 9 9 9 A 9 0 0 C 0 9 C T T 0 A T T

203 HLA-B Ex2 192-210 5- C A 9 A T C T A C A A 9 9 C C C A 9 9
205 HLA-B Ex2 5-30 5- 0 0 A T 9 A 9 9 T A T T T 0 T A 0 A C C 9
206 HLA-B Ex2 180-199 5- 9 A C C 9 9 A A C A C A C A 9 A T C T A

209 HLA-B Ex2 116-133 5- 0 9 0 0 9 0 9 A 9 T 0 0 9 A 9 A 9 A

242 HLA-B Ex2 222-239 5- C 9 A 9 A 9 A 9 C 0 T 9 0 9 9 A A 0

243 HLA-B Ex2 119-136 5- 0 9 0 9 A 9 T C 0 9 A 9 9 A T 9 9 C
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246 HLA-B Ex2 5-24 5- C c A c T c c A T g A g g T A T T T C c
251 HLA-B Ex2 244-227 5- g g A c c T g c g g A c c c T g C T

272 HLA-B Ex2 116-133 5- C g C c A C g A g T c c g A g g A A

278 HLA-B Ex2 227-244 5- g A g c c T g c g g A c c C T g C T

280 HLA-B Ex2 76-94 5- g c T A c g T g g A c g A C A c g C T

312 HLA-B Ex2 189-209 5- A c A c A g A T c T A c A A g A C C A A c
435 HLA-B Ex2 230-246 5- c c T g c g C A c c g c g C T c c
159 HLA-C Ex2 252-270 5- T A C A A c C A g A g c g A g g c C A

160 HLA-C Ex2 253-270 5- A c A A c c A g A g c g A g g c c g
165 HLA-C Ex2 85-103 5- A c g A c A C g c A g T T c g T g c A

313 HLA-C Ex2 179-197 5- g g A C c g g g A g A C A c A g A A C

366 HLA-C Ex2 221-239 5- c c g A g T g A A c c T g c g g A A A

367 HLA-C Ex2 249-268 5- T A c T A C A A c c A g A g c g A g g A

369 HLA-C Ex2 123-140 5- A g T C c A A g A g g g g A g c c g
36 DRB 22-43 5- T T g T g g c A g c T T A A g T T T g A A T

41 DRB 20-38 5- T c c T g T g g c A g c c T A A g A g
44 DRB 88-109 5- T A c T T c c A T A A c c A g g A g g A g A

46 DRB 60-77 5- g A c g g A g c g g g T g C g g T A

47 DRB17-38 5- g T T T c T T g g A g c A g g T T A A A c A

48 DRB 21-40 5- c c T g T g g c A g g g T A A g T A T A

50 DRB 26-46 5- A g T A C T c T A c g g g T g A g T g T T

52 DRB 17-39 5- g T T T C T T g A A g c A g g A T A A g T T T

53 DRB 73-91 5- c g g T T g c T g g A A A g A c g C g
61 DRB17-38 5- g T T T C T T g c A g c A g g A T A A g T A

68 DRB 17-38 5- g T T T C T T g g A g T A c T c T A c g T C

69 DRB 18-38 5- T T T C T T g g A g c T g c g T A A g T C

70 DRB 17-38 5- g T T T C T T g g A g C T g c T T A A g T C

76 DRB 135-152 5- g g A g T A c c g g g C g g T g A g
263 DRB 75-94 5- g T T c C T g g A c A g A T A c T T c c
264 DRB 75-94 5- g T T c C T g g A g A g A T A c T T c c
270 DRB INT 1 -20 to + 1 5- g A T c g T T c g T g T c C C c A C A A

273 DRB 19-38 5- T T C T T g g A g T A C T C T A C g g g
283 DRB INT1 -20 to +1 5- g A T c g T T c g T g T c C C c A c A g
489 DRB 77-97 5- T C C T g g A c A g A T A C T T C T A T C

77 DQB1 44-63 5- g C T A c T T c A c c A A C g g g A c C

79 DQB1 61-77 5- A C g g A g C g c g T g C g g g g
82 DQB1 70-89 5- g T g c g T C T T g T g A g c A g A A g
88 DQB1 60-77 5- g A c g g A g C g c g T g c g T c T

181 DQB1 60-77 5- g A c g g A g C g c g T g c g T T A

347 DQB1 18-38 5- T T T c g T g c T c c A g T T T A A g g C

348 DQB1 127-144 5- g A c g T g g g g g T g T A C C g C

349 DQB1 63-81 5- g g A g c g c g T g C g T C T T g T A

353 DQB1 70-89 5- g T g c g T c T T g T g A C C A g A T A
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63 Ctrl pri DRB Ex3 519-37 5- T g c c A A g T g g A g c A C C C A A

210 Control Primer PIC1 5- A T g A T g T T g A c c T T T C C A g g g

Appendix 3.4 Phototyping Antisense Primers

Anti-sense 
primer #

Locus and annealing 
position*

Primer sequence

228 HLA-A & B Ex3 68-85 5- T c g T A g g c g T C c T g g T g g
234 HLA-A & B Ex2246-264 5- C g c T c T g g T T g T A g T A g c g
244 HLA-A & B Ex3 228-245 5- C A g g T A T c T g c g g A g C c c
249 H U\-A&BEx3 195-213 5- C c T c c A g g T A g g c T c T c A A

438 HLA-A & B 244-262 5- C T c T g g T T g T A g T A g C g g A

146 HLA-A &CEx3 196-214 5- C C c T c c A g g T A g g c T C T c T

145 HLA-ABC Ex3 216-233 5- g A g C c A C T c C A c g c A C T c
168 HLA-ABC Ex3 216-233 5- g A g C c A C T c C A c g c A c g T

214 HLA-ABC Ex3 76-92 5- c T T g c c g T c g T A g g C g g
218 HLA-ABC Ex3 216-233 5- g A g c c A c T c c A c g c A c T c
238 HLA-ABC Ex3 216-233 5- g A g c c A c T c c A c g c A c A g
276 HLA-ABC Ex3 156-172 5- T C c c A C T T g c g c T g g g T

287 HLA-ABC Ex3 216-233 5- g A g c c C g T c c A c g c A c T c
167 HLA-A Ex3 216-233 5- g A g c c A c T c c A c g c A c C g
170 HLA-A Ex3 195-213 5- c C T c c A g g T A g g c T C T C T g
171 HLA-A Ex3 48-64 5- c C g c g g A g g A A g c g C C A

298 HLA-A Ex3 80-100 5- A T g T A A T c c T T g c c g T C g T A A

299 HLA-A Ex3 212-229 5- c A c T c c A c g c A c g T g C C A

300 HLA-A Ex3 105-123 5- A g c g c A g g T c C T c g T T C A A

301 HLA-A Ex3 71-88 5- c c g T c g T A g g C g T g c T g T

302 HLA-A Ex3 110-128 5- c c A A g A g c g c A g g T c C T C T

394 HLA-A Ex3 20-39 5- c c A c g T c g c A g c c A T A C A T T

429 HLA-A Ex2 186-205 5- g c c T T c A c A T T c c g T g T g T T

431 HLA-A Ex3 216-232 5- A g c C c g T c c A c g c A c c g
486 HLA-A Ex2 184-203 5- c T T c A c A T T c c g T g T c T c C T

494 HLA-A Ex2 226-43 5- g c A g g g T C c c c A g g T c c A

127 HLA-B & C Ex3 18-36 5- g g T c g c A g c c A T A c A T c c A

147 HLA-B & C Ex3 65-84 5- T c g T A g g c T A A C T g g T c A T g
184 HLA-B & C Ex3 169-185 5- c g c A c g g g C C g C C T c C A

213 HLA-B & C Ex3 44-59 5- g A g g A g g c g C c c g T c g
215 HLA-B & C Ex3 77-95 5- A T c c T T g c c g T c g T A g g c T

223 HLA-B & C Ex3 10-29 5- g c c A T A c A T c c T c T g g A T g A

226 HLA-B & C EX3 69-87 5- g T c g T A g g c g g A c T g g T C

285 HU\-B & C Ex3 69-87 5- c g T c g T A g g c g T A C T g g T c
377 HLA-B &CEx3195-213 5- c c T c c A g g T A g g c T C T c C A

392 HLA-B & C Ex3 76-93 5- c c T T g C c g T c g T A g g c g A

212 HLA-B Ex3 195-213 5- c c T c c A g g T A g g c T c T g T c



Appendices 242

216 HLA-B Ex3 92-111 5- C g T T c A g g g c g A T g T A A T C T

217 HLA-B Ex3 201-218 5- C g T g c c c T c c A g g T A g g T

219 HLA-B Ex3 229-246 5- C c A g g T A T c T g c g g A g c g
220 HLA-B Ex3 260-276 5- C c g c g C g C T C c A g c g T g
221 HLA-B Ex3 262-279 5- T A c c A g c g C g c T c c A g c T

224 HLA-B Ex3 18-36 5- C g T c g c A g C c A T A c A T c A C

225 HLA-B Ex3 184-201 5- C T C T c A g c T g c T c c g C c T

229 HLA-B Ex3 156-173 5- C T C C A A c T T g c g c T g g g A

232 HLA-B Ex2 173-192 5- g T g T g T T C C g g T c C c A A T A T

235 HLA-B Ex4 168-187 5- g C c C A C T T C T g g A A g g T T C T

236 HLA-B Ex3 11-28 5- c C A T A C A T C g T c T g c c A A

237 HLA-B Ex2 229-245 5- g c g C A g g T T c C g C A g g C

241 HLA-B Ex3 120-136 5- g c c g c g g T C c A g g A g c T

247 HLA-B Ex3 120-136 5- g c g g c g g T c c A g g A g c g
250 HLA-B Ex2 226-243 5- g c A g g T T C c g C A g g c T c T

Continued-
277 HLA-B Ex3 44-60 5- g g A g g A A g c g c c C g T c g
281 HLA-B Ex2 207-225 5- C T C g g T C A g T c T g T g c c T T

282 HLA-B Ex2 207-226 5- T C T c g g T A A g T C T g T g c C T T

393 HLA-B Ex3 69-86 5- g T C g T A g g c g T C C T g g T C

126 HLA-C Ex3 134-151 5- T g A g C c g c c g T g T C c g c A

143 HLA-C Ex3 25-42 5- g c C c C A g g T c g c A g c c A A

157 HLA-C Ex3 131-148 5- c c g c c g T g T c c g C g g c A

166 HLA-C Ex2 229-246 5- g c g c A g g T T c c g C A g g c
183 HLA-C Ex3 25-41 5- c c c c A g g T C g c A g c c A g
315 HLA-C Ex3 25-41 5- c c c c A g g T C g c A g c c A c
317 HLA-C Ex3 183-200 5- T c T c A g c T g c T c c g c c g T

319 HLA-C Ex3 169-186 5- C T C A C g g g c c g c c T c c A

378 HLA-C Ex4 234-251 5- C A g c C c c T c g T g c T g c A T

379 HLA-C Ex3 258-275 5- c g c g C g c T g c A g c g T c T T

382 HLA-C Ex3 195-213 5- c c T c C A g g T A g g c T C T C A g
388 HLA-C Ex3 18-36 5- g g T c g c A g c c A A A C A T C C A

389 HLA-C Ex3 246-265 5- A g C g T c T c c T T c C C A T T C T T

37 DRB 256-275 5- c T g c A c T g T g A A g c T C T C A C

38 DRB 256-275 5- c T g c A c T g T g A A g c T C T C C A

39 DRB 198-215 5- c C g c C T C T g c T c c A g g A g
40 DRB 198-216 5- c C c g C T C g T c T T c C A g g A T

49 DRB 231-251 5- c c c g T A g T T g T g T C T g c A C A C

51 DRB 219-238 5- c T g c A g T A g g T g T C c A c C A g
54 DRB 173-192 5- c T g g C T g T T c C A g T A c T C C T

58 DRB 220-239 5- T C T g C A A T A g g T g T C c A c C T

102 DRB 169-187 5- T g T T C C A g T A c T c g g c g c T

104 DRB 198-216 5- C c C g C C T g T c T T c c A g g A A

107 DRB 170-188 5- c T g T T C C A g T g C T c c g c A g
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252 DRB 210-225 5- C c A c c g C g g c C C g C g c
255 DRB 211-227 5- g T C c A c C c g g C C c C g c T

256 DRB 170-188 5- C T g T T c C A g g A c T c g g c g A

258 DRB 207-223 5- A C c g C g g c c c g c c T g T c
259 DRB 210-226 5- T c c A C c g c g g c c c g c T c
261 DRB 169-188 5- C T g T T c c A g T A c T c g g c A T c
268 DRB 219-238 5- C T g c A g T A A T T g T c c A c c c g
304 DRB 119-137 5- T C c c C c A g g T C A C T g T T g T

314 DRB 126-144 5- C T g g T A C T c C C c C A g g T c A

485 DRB 210-226 5- T C c A C c g c g g C c C g c T T

491 DRB 140-156 5- C T c c g T c A c c g c C c g g T

492 DRB 171-189 5- g C T g T T c c A g T A C T c A g c g
495 DRB 140-156 5- c T c c g T c A c c g c C c g g A

78 DQB1 231-251 5- T g g T A g T T g T g T C T g c A T A c g
89 DQB1 170-188 5- c T g T T c C A g T A c T C g g c g T

111 DQB1 250-266 5- c c g c g g A A c g c c A c c T c
112 DQB1 250-267 5- c g T g c g g A g c T c C A A c T g
152 DQB1 250-267 5- c c c g c g g T A c g c C A c c T c
350 DQB1 220-238 5- T g c A c A c C g T g T C C A A C T c
351 DQB1 221-238 5- T g c A c A c C c T g T C C A c C g
354 DQB1 170-188 5- C T g T T c c A g T A C T C g g c g g
64 Control primer DRB 

Ex4 579-598
5- g c A T C T T g c T c T g T g c A g A T

211 Control primer PICA 5- T T c T g T A A c T T T T C A T C A g T T g c
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Appendix 3.5 Phototype primer mix composition for reactions 1-144

Lane
#

P M # Ref. Sense
primer

Sense 
primer 

conc. in uM

anti
sense
primer

Anti-sense 
primer 

conc. in pM

Antigens Alleies bp
size

1 151 286 2.7 431 2.7 A1 A*0101,0102 629

2 3 a 296 3.4 302 3.4 A2 A*0201-17. 489

3 4 291 1.3 299 3.4 A3 A‘ 0301,0302 628

4 2 286 2.7 168 2.7 A36 A*3601 630

5 5 a 284 3.4 302 3.4 A23,24 A*2301, A*2401-2407 464

6 6 292 3.4 249 3.4 A23 A*2301 557

7 7 292 3.4 170 3.4 A24. [NOT 
2406]

A*2402-2405, 2407 557

8 8 239 1.4 167,
145

1.4 A25, 2601, 
2603, 2605, 
43. 66

A*2501, 2601, 2603, 2605, 
6601,6602, 4301

170

9 9 193 3.4 298 3.4 A25, 26, 
34, 66

A*2501, 2601-5, 6601,6602, 
3401,3402

440

10 10 a 294 3.4 298 3.4 A25 A*2501 400

11 11 288 3.4 298 3.4 A26
[NOT2603/ 
5], 43

A*2601,2602,2604, 4301. 400

12 12 a 174 3.4 298 3.4 A43 AM301 442

13 13 239,
451

3.4 168 3.4 A34 A*3401,3402 170

14 14 290,
475

1 298 1.7 A34.66 A*3401, 3402, 6601, 6602 419

15 15 290 1 167 1.7 A l l ,  6601 A*1101,1102, 6601 552

16 152 174 1.7 300 1.7 A29 A*2901,2902 465

17 18 295 3.4 301 3.4 A30 A*3001-5 561

18 184 434 3.4 486 3.4 A31 A*31011,31012 198

19 153 173 4 234 4 A32 A*3201 259

20 154 a 434 4 429 4 A33 A*3301-3303 200

21 22 173 3.4 300 1.7 A32.74 A*7401,3201 628

22 23 a 290 3.4 302 3.4 A68, 69 A*6801, 6802, 6901 447

23 24 a 290 3.4 171 3.4 A69 A*6901 383

24 25 367 3.4 287 3.4 A80, (weak 
B73)

A*8001,(weak B*7301) 494

25 112 367 1.2 394 1.2 A1,11,36, 
80, 3402

A*01,*11,*3601,*8001, 
*3402

300

26 165 435 208 
251 278

1.3
1.7

235 3.4 Bw4 B*2701-7, 2709, 47,13, 44, 
38, 802,49, 59, 37, 53, 51, 
52,1513,1516,1517,1523, 
1524, 57. 58,13x15

1330

27 31 b 242 3.4 235 3.4 Bw6 [NOT 
B73]

B*2708, 40,41,14, 39, 67, 7, 
801,42, 48,45, 45v, 50, 54, 
55, 56,18, 35, 78,1501-12, 
1514-15,1518-22,1525-26 
1528-29,46, 72v, 8101 (not 
B73)

1340

28 34 b 193 3.4 221 3.4 B7 (inc.
B703),
B8101

B*0702-0705, 8101 619
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29 35 b 312 1 221 3.4 B703 B*0703 600

30 36 195 3.4 212 3.4 B8, 4406, 
B51GAC

B*0801, 0802,4406, B51GAC 543

31 155 195 3.4 220 3.4 B8 B*0801, 0802 606

32 37 b 280 3.4 225 3.4 B49, 50, 
BM005. 
B*2706, 
B*2704. 
B45v

B*4901, 5001,4005, 2704, 
2706, B45v

635

33 38 b 208 3.4 215 3.4 B49,59 B*4901,5901 385

34 39 b 246 3.4 215 3.4 B45,49,50 B*4501,45v, 4901,5001 600

35 40 b 207 3.4 219 3.4 B45, 76 
[NOT 
3*1512/19 
B76 alleles]

B*4501,45v, 1514 536

36 160 202 272 3.4 393 285 3.4 B44 B*4402-06 546/
481

37 42 192 3.4 220 3.4 B41 B*4101,4102 605

38 43 b 272 3.4 276 3.4 B49, 50, 
4005, 61, 
41,44 
[NOT4406], 
45,47

B*4002-4006, 4008,4101, 
4102,4501,45V, 4901,5001, 
4402-5, 4701

566

39 44 b 192 3.4 247 3.4 B60, 61, 
4005 [NOT 
4007/8], 41, 
4801

B*4801,40011-4006, (weaker 
4101,4102)

465

40 45 b 272 3.4 218 3.4 B60, 61,47 B*40011-4004, 4006-8, 4701 627

41 46 280 3.4 229 3.4 B60 B*40011,40012, 4007 607

42 47 243 3.4 215 3.4 B13 B*1301,1302,1303 486

43 48 b 197 3.4 127 3.4 B64, 65 B*1401,1402 389

44 49 b 205 1.7 232 1.7 B65, B3904 B*1402, 3904 187

45 50 b 207 3.4 217 3.4 B39.67 B*39011-3908,6701 507

46 51 b 206 3.4 217 3.4 B67 B*67011,670112 548

47 172 208,
435

3.4 217 3.4 B38 B*3801,3802 498/
508

48 53 209 3.4 217 3.4 B38, 39, 67 B*3801, 3802, 3901-8, 
67011,67012

612

49 54 b 208 3.4 223 3.4 B*5801, 77, 
5104, 53

B*5801,5104,5301,1513 
(*4406 weak?)

319

50 56 b 194 3.4 213 3.4 B58 B*5801-3 374

51 55 b 194 3.4 224 3.4 B57 B*5701, 5702, 5703 351

52 166 243 3.4 438 3.4 B57, 63,
13,1524,
13x15

B*5701-3,1513,1516,1517, 
1524,1301-3,13x15

143

53 57 b 187 3.4 214 3.4 B18 B*1801,1802 458

54 58 209 3.4 236 3.4 B55,56,73,
3906

B*5501, 5502, 5601, 5602, 
7301,39061-2

422

55 59 b 242 3.4 215 3.4 B54, 55, 56 
[NOT 
5602], 45, 
50

B*5401, 5501, 5502, 5601, 
4501,45V, 5001

383

56 60 b 203 3.4 238 3.4 B56 B*5601,5602 551
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57 61 395 3.4 236 3.4 B54 B*5401 421

58 62 b 280 3.4 281,282 3.4 B27 B*2701-2709 149/1
50

59 63 b 188 3.4 212 3.4 B37, 4406, 
B51GAC

B*3701, BM406, B51GAC 606

60 64 192 3.4 392 3.4 B37, 3902, 
3908

B*37, 3902, 3908 422

61 65 b 192 3.4 228 3.4 B47 B*4701 414

62 66 b 367 3.4 236 3.4 B73 BV301 289

63 67 b 203 3.4 220 3.4 B42, +42v B*4201,42v 594

64 68 b 209 3.4 229 3.4 BM801,
B*8101

B*4801,8101 567

65 69 b 194 3.4 225 3.4 B63 B*1516,1517 516

66 70 b 240 3.4 241 3.4 B46 B*4601 459

67 72 b 243 3.4 250 3.4 B62, 62v, 
75, 76,1521

B*1501,1502,1504-1508, 
1511,1512,1514,1515, 
1519-1521,1525,1526N, 
1528

124

68 73 b 192 3.4 214 3.4 B62, 72, 
76,4802, 
4003

B*1501,1503-1507,1512, 
1514,1519,1520,1524, 
1525, 4802, 4003, B13x15, 
1526N

421

69 156 271 3.4 223 3.4 B*4802 B*4802 487

70 74 b 209 1 214 1 B72, 72v, 
71,
B*4802,
3907,
Cw*0703

B*1503,1518,1523,1529, 
4802, 3907, 72v, Cw*0703

486

71 75 271 3.4 238 3.4 B*4802, 
B71,70, 72, 
72v

B*4802,1503,1509,1510, 
1518,1523,1529, 72v

691

72 76 b 189 0.68 238 0.68 B71.70 
[NOT B72], 
1521,1523

B*1509,1510,1518,1521, 
1523

562

73 77 b 243 3.4 219,
244

3.4 B76 B*1512,1514,1519 636-
637

74 78 b 193 3.4 377 3.4 B62Variant 
S + A25,
26, 66, 68, 
3401

B*1508,1511,1515,1522. 
A*68, 2501, 2601-5, 3401, 
6601-2

553

75 79 b 193 3.4 223 3.4 B35 [NOT 
3505/10/13]

b,75,77,51
04,1521,44
06

B*3501-3504, 3506-3509, 
3511,(3512), 5301,1502, 
1513, 5104,1521,4406.

369

76 80 b 188 3.4 237 3.4 B35,18, 78, 
1522

B*3501-13,18, 7801-2,1522 128

77 81 b 195 3.4 213,
277

3.4 B35.53 
[NOT 3510, 
3512-13]

B*3501-3509, 3511,5301. 389/3
40

78 82 b 207 3.4 216 3.4 B78,1509 B7801-2,1509 400

79 83 b 208 3.4 216 3.4 B51, 52 B*5101-5105, 51V, 
B51GAC,52011,52012

401

80 84 b 193 3.4 216 3.4 B51,78,
1509

B*5101-5105, B51V, 
B51GAC, 7801-2,1509

451
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81 85 b 192 3.4 216 3.4 B52 6*52011,52012 440

82 86 368 3.4 315 0.68 Cwl Cw*0101,0102 341

83 87 c 366 3.4 145 3.4 Cw2,1701 Cw*0201, 0202 *1701 522

84 88 c 368 3.4 389 3.4 C w9,10 Cw*0302, 0303, 0304 565

85 89 c 366 3.4 143 3.4 Cw4 Cw*0401,0402 331

86 90 c 366 3.4 379 3.4 Cw5 Cw*0501 564

87 91 c 367 3.4 127 3.4 Cw6 Cw*0602 297

88 92 c 130 3.4 378 3.4 Cw7 Cw*0701, 0702, 0703 1062

89 93 313 1.7 184 1.7 Cw*0701 Cw*0701 516

90 94 367 3.4 183 3.4 Cw*0702,
0703

Cw*0702, 0703 302

91 95 367 3.4 238 3.4 Cw*0703 Cw*0703, A*2604 494

92 96 c 367 3.4 379 3.4 Cw*0704 Cw*0704 536

93 182 165 1.3 166,
317

1.3 Cw8 Single162bp = Cw*0802,162 
& 632bp = Cw*0801/3

161/
625

94 99 c 159 3.4 389 3.4 Cw9 Cw*0303 523

95 100 c 160 3.4 389 3.4 CwlO Cw*0302, 0304 522

96 101 c 368 3.4 126 3.4 Cw*1201/2, 
1301

Cw*1201,1202,1301 451

97 102 c 369 3.4 126 3.4 Cw*1201/2 Cw*1201,1202 538

98 103 c 368 3.4 157 3.4 Cw*1203 Cw*1203 448

99 104 371 3.4 388 3.4 Cw*14 Cw*1402-3 541

100 106 c 366 3.4 223 3.4 Cw*15 Cw*1501-5 318

101 107 c 366 3.4 382 3.4 Cw*15,
1701

Cw*1501-5,1701 502

102 109 c 368 3.4 146 3.4 Cw*1601 Cw*1601 514

103 110 c 366 3.4 146 3.4 Cw*1602 Cw*1602 503

104 111 c 366 3.4 377 3.4 Cw2,6 Cw*0201,0202, 0602 502

105 113 d 36 3.4 39 3.4 DR1 not 
103

DRB1*0101,0102, 0104 194

106 114 d 36 3.4 40 3.4 DR103 DRB1*0103 195

107 115 41 3.4 252 0.68 DR15 DRB1 *1501-1505 206

108 185 41 3.4 491 3.4 DR16 DRB1 *1601-1606 137

109 162 68 3.4 255 3.4 DR17,18, 
+ 1107

DRB1 *03011,03012, 0302, 
0303, 0304, 0305 1107

211

110 118 d 46 3.4 38 3.4 DR17 DRB1 *0301, 0304 216

111 119 d 44 3.4 37 3.4 DR18 + 
some 
DR13's& 
14's

DRB1*0302, 0305,1302, 
1305,1109,1120 1402,1403, 
1409,1413,1419

188

112 120 d 47 3.4 37, 38 3.4 DR4 + 
1410,1122

DRB1 *0401-22,1410,1122 259

113 121 d 48 3.4 49 3.4 DR7 DRB1*0701 231

114 122 50 3.4 51,102 3.4 DR8 + 
1415

DRB1 *0801-0811, 1415 162/
213

115 123 d 52 3.4 49 3.4 DR9 DRB1*0901 235

116 124 d 53 3.4 37 3.4 DR10 DRB1*1001 203

117 125 68, 273 3.4 54 3.4 DR11 [NOT 
1122) + 
1411

DRB1*1101-1121, 1411 174/
176
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118 126 50 3.4 256 3.4 DR12 DRB1 *1201,1202,1203 163

119 183 68, 273 3.4 259 3.4 Part of 
DR13& 
DR11 & 
DR14

DRB1*1301-
2,1304,1308,1315-17,1319- 
20,1322,1416,1102-3,1111, 
1114,1116,1120-21

210

120 127 263 3.4 259,
252

3.4& 0.68 Part of 
DR13& 
DR11 & 
DR14

DRB1*1301,1302,1308, 
1309,1316,1320,1116, 
1120,1416

152

121 168 44 3.4 40,485 3.4&1 Part of 
DR13& 
DR11 & 
DR14

DRB1 *1301,1302, (1306), 
1310,1315,1316,1116, 
1120,1419,1421

129/1
38

122 169 44 3.4 258,485 3.4&1 Part of 
DR13& 
DRU & 
DR14

DRB1*1305,1306,1310, 
1109,1419,1421

136/1
38

123 167 68 3.4 485 1 Part of
DR13&
DR14

DRB1*1303,1310, 1419, 
1421

210

124 170 68 3.4 102 3.4 Part of
DR13&
DR14

DRB1*1303,1304,1312, 
1321,1413

170

125 131 68 3.4 104 3.4 Part of
DR13&
DR11

DRB1*1305,1307.1311, 
1314,1318,1321,1101, 
1104,1106,1109,1110, 
(1111), 1112,1115

200

126 132 68 3.4 261 3.4 Part of 
DR13 &14 
& DR3

DRB1*1301-2,1305-11,1314- 
16,1318-
20,1322,1402,1403,1406,140
9,1412,1414,1417,1419-
21,0301-5

171

127 171 263 264 3.4 58, 51 3.4 Part of 
DR14 & 
DR8& 
DR11

DRB1*1401,1403-5,1407-8, 
1410-12,1414-15,1418, 
1318, 0809,1117

164 
/165

128 134 68 3.4 107 3.4 Part of 
DR14

DRB1*1401,1407,1416 171

129 135 44 3.4 51,39 1.7 Part of
DR14&
DR13

DRB1 *1402-3,1406,1409, 
1412-13,1417, (1418-19, 
1421), 1318

129/
151

130 186 61 3.4 492 3.4 DR51 DRB5*0101,0102, 0201, 
0202, 0203

173

131 164 69 3.4 268 3.4 DR52
(3*0101
subset)

DRB3*0101 221

132 138 76 3.4 151 3.4 DR52 (3*02 
subset)

DRB3*0201,0202,0203 116

133 139 70 3.4 38 3.4 DR52
(3*0201,
0301
subset)

DRB3*0201,0301 259

134 140 283 0.68 314 1 DR53
expressed

DRB4*0101101,0102, 0103. 
(Not DR53N)

151

135 141 270 1.7 304 1.7 DR53 not 
expressed

DRB4*0101102N 143

136 142 77 3.4 350 3.4 DQB*0305 DQB1*0305 195

137 143 82 3.4 112 3.4 DQB2 DQB1*02 198
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138 144 e 77 3.4 78 3.4 DQB4 DQB1*04 208

139 145 79 1.7 152 1.7 DQB5 DQB1*05 207

140 146 e 347 348 3.4 111 3.4 DQB6
subset

DQB1 *0601/2/3 (601= 249bp) 249/
140

141 147 e 349 3.4 350 351 3.4 DQB6
subset

DQB1 *0603-9 176

142 148 181 3.4 112 3.4 DQB7 DQB1 *0301,0304 207

143 149 8 353 4 354 4 DQB8 DQB1*0302 119

144 150 6 88 4 89 4 DQB9 DQB1 *03032 129

Parentheses in the allele column refer to alleles, which may or may not amplify because one of the primers 
in that primer mix is not 100% matched.

•  Key to references
Primer mixes adapted from -
a. Arnette and Pharma (1995)
b. Bodmer et al. (1995)
c. Bunce et al. (1994a), (1994b)
d. Bunce et al. (1995)
e. Marsh and Bodmer (1995)
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Appendix 3.6 Supplementary primer mixes

PM# Ref. Sense
primer

Sense 
primer 

conc. in pM

anti
sense
primer

Anti-sense 
primer 

conc. in pM

Antigens Alleles bp
size

188 493 1 494 1 A74 A*7401 154

157 b 193 3.4 229 3.4 B8101 B*8101 513

189 203 3.4 276 3.4 B7 [NOT 
0703], 67, 
54, 55, 56, 
42

B*0702, 0704, 0705, 67011, 
67012, 5401, 5501,5502, 
5601,5602, 4201

490

159 b 243 3.4 226 3.4 Part of B15. 
Plus 46, 
5701,13x15

B*1501,1502,1504-8,1511- 
16,1519-21,1524-26N, 
1528, 5701,4601,13x15.

477

158 b 195 3.4 216 3.4 B51,[N0T 
B51v], 78

B*5101-5, B51GAC, 7801-2 422

97 c 165 1.3 166 1.3 Cw*0801, 
0802, 0803

Cw*0801, 0802, 0803 162

98 165 1.3 317 1.3 Cw*0801,
0803

Cw*0801, 0803 632

161 c 130 3.4 389 3.4 CwlO Subset 
(B58
haplotypes).

Cw*0302 206

105 c 366 3.4 147 3.4 Cw*1501-3,
(Cw*1505
weaker)

Cw*1501-3, (Cw*1505 
weaker)

374

108 366 1 319 1 Cw*1701 Cw*1701 523

187 489 4 37, 38 4 DR4 DRB1*0401-22 198

191 68, 47, 
273

3.4 495 3.4 Part of DR3,
11,12,13,
14

DRB1*1101-16,1118-22, 
1201-3,1301-2,1304-6, 
1309-11,1314-18,1320-22, 
1417,1421,0301,0304-5

139

192 68 3.4 491 3.4 Part of DR3, 
11,13,14

DRB1*0302-3,1117,1401-3, 
1405-9,1412-14,1416,1418- 
20,1303,1307-8,1312,
1319,

139

193 44 3.4 38 3.4 Part of DR3, 
11,13,14

DRB1*0301, 0303,1301, 
1306,1309-10,1315,1318, 
1320, 1116,1406,1412, 
1417,1418,1421

187

194 47 3.4 54 3.4 DRB1*1122,
0415

DRB1*1122,0415 175

195 47 3.4 107 3.4 DRB1*1410 DRB1*1410 171
196 47 3.4 37, 38, 54 3.4 DR4 +1410, 

1122
Single band of 259bp =
DRB1 *0401-0422,1410, 
1122. Two bands of 259bp& 
176bp = 1122/0415

259,
176
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Appendix 3.7 H LA antigen frequencies in four groups

HLA-A antigens P R E c HLA - B antigens P R E C
A 01 9 4 4 7 B07 0 0 1 1
A 02 4 3 3 14 B 0702/4/5 2 0 0 2
A 03 1 0 1 3 B 0702/4/5/6 1 0 0 4
A l l 3 3 2 3 BOB 1 0 0 1
A 24* 12 2 3 4 B0801 4 1 0 8
A 2501 0 0 0 1 B13 1 1 0 1
A 2601 1 1 0 1 B1402 0 0 0 1
A 29 1 0 1 3 B 1501/4-7-0/25- 

28/31
0 1 2 2

A 30 1 1 0 1 B 1516/17 0 1 2 0
3101 0 1 0 0 B1518 0 2 1 0
A 3201 0 1 1 5 B 1521/15 1 0 0 0
A 33 4 2 0 1 B18 0 0 0 1
A 68 2 2 3 1 B27 0 1 0 1

B35 7 2 2 4
B37 4 1 0 0
B3701 0 3 1 3
B39 1 0 0 0
B4001 1 0 0 5
B 4002/4/6 4 1 2 0
B 4002/4/6/4 0 0 1 0
B41 1 1 0 1
B44* 1 0 1 8
B45 0 0 1 0
B4801 2 1 0 0
B51 2 3 2 3
B52 1 0 1 1
B5201 0 1 1 0
B55 2 0 0 1
B56 0 0 0 1
B5601 1 0 0 0
B5701 0 0 0 2
B5801 3 0 1 0
BW4 10 9 6 11
BW 6* 21 5 8 18

• * Statistically significant
• P = Patient, R = Relative,E = Ethnic, C = Caucasian
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Appendix 3.7 continued-

HLA-C antigens P R E c HLA-D antigens P R E C
CW01 3 0 0 1 DRB1 0101/2/4 0 0 2 3
CW0202 0 0 0 1 DRB1 0103 0 0 0 2
CW 03 0 0 0 1 DRB1 0301 1 0 2 2
CW 0302 2 0 1 0 DRB1 0301/4 7 1 0 5
CW 0303 1 0 1 1 DRB1 04 3 4 2 6
CW 0304 1 0 0 3 DRB1 0701 1 4 3 4
CW 04 6 2 4 4 DRB108 1 0 0 2
CW 0501* 0 0 0 6 DRB1 0901 2 0 0 0
CW 06 0 0 0 1 DRB1 1001 7 3 2 3
CW 0602 4 4 3 5 DRB1 11* 8 3 0 2
CW 0701* 1 1 1 8 DRB112 1 0 0 1
CW 0702 7 1 0 4 DRB113 0 1 0 2
CW 0704 0 2 1 0 DRB1 1301 1 0 1 2
CW 0801 3 0 0 0 DRB1 1301/16 0 0 0 1
CW 0802 0 1 0 1 DRB1 1302 1 0 3 4
CW1202 1 1 3 1 DRB1 1303 0 0 0 1
CW1203 2 1 1 1 DRB1 1404 2 2 1 0
CW14 0 1 0 2 DRB115 4 4 4 8
CW15 7 4 2 2 DRB116 0 0 0 1
CW1601 0 0 0 2 DRB3 0101* 0 1 1 9
CW1602 0 0 2 0 DRB3 02/03 2 0 1 0
CW17 1 0 0 0 DRB3 0202 0 0 0 1
CW1701 0 1 0 1 DRB3 0202/3* 13 6 2 5

DRB3 0301 2 0 2 3
DRB4 01 5 6 4 10
DRB4 0101102N 0 2 1 1
DRB4 0101 0 1 0 0
DRB5 01/02 4 4 4 7
DQB1 02 9 2 3 9
DQB1 0301 0 1 0 1
DQB1 0301/4 9 2 0 6
DQB1 0302 3 4 2 4
DQB1 0303 2 2 1 1
DQB1 04 1 0 0 1
DQB1 05 10 5 6 9
DQB1 0601 3 4 3 2
DQB1 0602* 0 0 0 6
DQB1 0603 1 1 1 5
DQB1 0604 0 0 1 0
DQB1 0604-9 1 0 2 3

• "Statistically significant
• P = Patient, R = Relative, E = Ethnic, C = Caucasian
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Appendix 4 Levels of cytokines observed in cytokine assay by ELISA

Appendix 4.1 Levels of IL-1 p synthesised by unstimulated and stimulated PBMC of three groups.

PL# PU PS RU RS cu OS
1 200 2000 0 1000 32 60
2 900 1600 1120 7900 35 250
3 3820 7300 200 1350 20 200
4 1390 3100 84 8000 50 400
5 2000 7800 140 750 25 390
6 2500 7750 8.8 2500 20 780
7 250 1120 250 2250 130 800
8 300 2300 0 0 90 400
9 125 6400 0 0 120 400
10 80 2600 0 0 50 200
11 125 1000 0 0 250 2250

MEAN 1062 3906 257 3392 74 557
MEDIAN 300 2600 140 2250 50 400

MAX 3820 7800 1120 8000 250 2250
MIN 80 1000 0 750 20 60
SD 1182 2658 362 2940 66 577

PU= Patient unstimulated 
PS= Patient stimulated

RU= Relative unstimulated CU= 
RS= Relative stimulated CS=

Caucasian unstimulated 
Caucasian stimulated.

Appendix 4.2 Levels of IL-6 synthesised by unstimulated and stimulated PBMC of patients and 
controls

PL# PU PS RU RS CU OS
1 161 1600 0 770 25 390
2 725 1200 900 7000 35 300
3 3078 5800 160 1200 20 600
4 1120 2500 70 6467 46 400
5 1611 6200 112 487 25 400
6 2000 6200 7 2345 20 60
7 200 900 200 1800 30 400
8 240 1850 0 0 30 200
9 100 5100 0 0 20 250
10 60 2000 0 0 50 200
11 100 800 0 0 150 600

MEAN 854 3104 207 2867 41 345
MEDIAN 240 2000 112 1800 30 390

MAX 3078 6200 900 7000 150 600
MIN 60 800 0 487 20 60
SD 952 2124 291 2515 35 158

PU= Patient unstimulated
PS= Patient stimulated

RU= Relative unstimulated CU= Caucasian unstimulated
RS= Relative stimulated CS= Caucasian stimulated.
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Appendix 4.3 Levels of IL-8 synthesised by unstimulated and stimulated PBMC of three groups

Ft.# PU PS RU RS CU OS
1 309 2600 25 1200 23 45
2 1395 8000 1733 5376 42 180
3 5880 7800 300 1200 12 230
4 215 1766 125 6700 37 378
5 3096 8000 180 830 32 400
6 3678 8000 15 300 25 820
7 280 2367 350 2500 100 770
8 460 3800 0 0 53 350
9 190 1606 0 0 70 564
10 120 3245 0 0 53 354
11 193 2467 0 0 180 3000

MEAN 1437 4513 389 2586 57 644
MEDIAN 309 3245 180 1200 42 378

MAX 5880 8000 1733 6700 180 3000
MIN 120 1606 15 300 12 45
SD 1844 2660 560 2294 45 777

PU= Patient unstimulated 
PS= Patient stimulated

RU= Relative unstimulated CU= Caucasian unstimulated 
RS= Relative stimulated CS= Caucasian stimulated.

Appendix 4.4 Levels of TNF-a synthesised by unstimulated and stimulated PBMC of patients and 
two control groups

Pt.# PU PS RU RS CU cs
1 121 1200 25 600 20 36
2 545 970 670 4800 20 150
3 230 4500 120 800 12 120
4 840 1800 50 500 30 240
5 1200 4700 85 450 15 230
6 1516 4700 5 1500 12 470
7 150 679 150 1300 80 485
8 180 1395 0 0 55 290
9 75 3800 0 0 72 240
10 50 1500 0 0 30 120
11 75 600 0 0 150 1300

MEAN 452 2349 157 1421 45 334
MEDIAN 180 1500 85 800 30 240

MAX 1516 4700 670 4800 150 1300
MIN 50 600 5 450 12 36
SD 488 1617 214 1428 40 332

PU= Patient unstimulated
PS= Patient stimulated

RU= Relative unstimulated CU= Caucasian unstimulated
RS= Relative stimulated CS= Caucasian stimulated.
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Appendix 4.5 IFN-y synthesised by unstimulated and stimulated PBMC of patients and two control 
groups

Pt. # PU PS RU RS CU CS
1 10 190 5 50 0 90
2 8 150 12 375 7.8 690
3 7 130 2 125 12 450
4 12 230 7.8 112 5 300
5 6 190 8 400 10 570
6 10 190 15 675 6 345
7 12 100 12 400 7.8 450
8 0 20 0 0 10 600
9 12.5 240 0 0 12 600
10 15 170 0 0 10 450
11 0 25 0 0 12 114

MEAN 8 148 9 305 8 424
MEDIAN 10 170 8 375 10 450

MAX 15 240 15 675 12 690
MIN 0 20 2 50 0 90
SD 4 70 4 205 4 187

PU= Patient unstimulated 
PS= Patient stimulated

RU= Relative unstimulated CU= 
RS= Relative stimulated CS=

Caucasian unstimulated 
Caucasian stimulated.
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Appendix 6.1 Information sheet for the management of OSF by injection of rhIFN-y

You have just been told that the condition called Oral Submucous Fibrosis has 
developed in your mouth. This disease is associated with the chewing of areca nut 
(Pan, supari with slaked lime and tobacco/zarda).

We recently started investigating a new method to treat this disease and we will 
need to obtain a small specimen from your mouth and a sample of blood to 
conduct some tests.

If you agree we shall treat the scars in your mouth by injections of a new 
medication called interferon gamma commercially known as Immukin, two times a 
week for eight weeks. The injections are known to be harmless but may cause 
headache or muscle ache after the first injection. This may be prevented by taking 
aspirin or similar tablets. Three months affer treatment we wish to repeat the blood 
tests.

These investigations will not only help us to understand this condition but will also 
help us to develop the best treatment for the disease.

Dr. Mohammed Fazlul Hague Professor Malcolm Harris
Research fellow Head, Department of Maxillofacial Surgery,

Eastman Dental Institute for Oral Health Care Sciences 
256 Gray’s Inn Road, London WO 1X 8LD
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Appendix 6.2 Patients consent form

Statement of surgeon obtaining informed cnsent

I have fully explained this research study to the patient as set out in the 
information sheet.

In my judgement and the patient's, there was sufficient access to information, 
including risks and benefits, to make an informed decision.

Surgeon’s signature.............................................................
Surgeons name.......................................................................

Patients’s statement

I have read the description of this investigation in the information sheet and 
understood the verbal explanation about my condition and treatment, and I 
understand that my participation is voluntary.

Patient’s Number... 
Patient’s signature. 
Patient’s name......

Date.......................
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Appendix 6.3 Complaints of OSF patients

SI.# Chewing difficulty Burning sensation < Taste
1 + ++ ++
2 + ++ +
3 + + ++
4 + +++ ++
5 + + +
6 + ++ ++
7 + ++ +
8 ++ +++ ++
9 + ++ ++
10 + + +
11 + ++ +
12 ++ +++ +++
13 ++ +++ ++
14 - + +
15 ++ +++ +
16 + ++ +
17 + +++ ++
18 + ++ +
19 + +++ +
20 + ++ +
21 ++ +++ +
22 + +++ ++
23 + +++ +
24 + ++ +
25 + +++ ++
26 + ++ +
27 - +++ +
28 - +++ ++
29 + + +

None 3(10%) - -

Mild 21(73%) 5(17%) 17(59%)
Moderate 5(17%) 11(38%) 11(38%)
Severe 0 13(45%) 1(3%)

+ = Mild, ++ = Moderate, +++ = Severe
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Appendix 6.4 Clinical profile of OSF patients

Involved areas On examination Duration of
SI.# Cheek S. palate Fauces Blanching of mucosa M Opening (mm) disease (yr)

1 ++ + + ++ 17 22
2 ++ + - ++ 17 19
3 ++ + - + 12 15
4 ++ + + +++ 20 15
5 + + - + 35 8
6 ++ - - ++ 26 20
7 ++ - - + 18 6
8 +++ + + ++ 18 8
9 ++ + + ++ 21 5
10 ++ + - + 22 2
11 ++ - - ++ 22 8
12 +++ - - +++ 12 20
13 +++ + - + 21 25
14 + - - + 28 8
15 +++ + + +++ 19 2
16 ++ - + + 15 15
17 ++ - - ++ 19 20
18 ++ + + + 23 1
19 ++ + - ++ 11 22
20 ++ - - + 16 18
21 ++ - - + 27 5
22 ++ - - ++ 25 3
23 ++ - - + 17 30
24 ++ - - + 19 18
25 ++ - - + 24 30
26 ++ - - + 27 30
27 + - - + 35 7
28 + - - + 35 5
29 ++ - - + 19 30
Mild 4(14%) 12(41%) 7(24%) - -

Moderate 21(72%) 0 0 17(59%) Mode = 19.0 Mean = 16
Severe 4(14%) 0 0 9(31%) Median = 20.0 Median = 15

3(10%) Mean = 21.4 SD = 11

•  + = ++ = Moderate, +++ = Severe



Appendix 6.5 Blood investigation reports

SI.# HG RCC MCV PCV MCH MCHC WCC Neu Lym Mono Eos PLTs Pol. Bi2 Ferr.
1 B 15.3 5.2 86.1 0.448 29.5 34.3 9.2 5.7 2.8 0.3 0.2 354 140 60 6

A 15.7 5.34 88.7 0.474 29.3 33.1 8.2 4.5 3.1 0.2 0.2 334 134 221 22
2 B 9.9 4.6 66.3 0.305 21.5 32.4 11.2 7.0 3.0 1.1 0.1 376 196 296 16

A 9.6 4.75 66.2 0.315 20.3 30.6 8.6 3.9 3.9 0.4 0.3 443 158 282 34
3 B 10.3 4.57 69.2 0.316 22.6 32.6 8.9 6.6 1.7 0.2 0.3 270 223 315 4

A 13.6 5.12 83 0.425 26.5 31.9 8.2 5.4 1.9 0.5 0.4 249 205 256 15
4 B 14.0 4.45 91.9 0.409 31.4 34.2 3.5 2.0 1.2 0.2 0.1 254 288 351 70

A 13.7 4.53 92.1 0.417 30.2 32.8 4.1 2.0 1.6 0.4 0.1 233 2000 821 68
5 B 12.6 4.25 85.0 0.362 29.6 34.8 5.9 3.7 1.8 0.3 0.1 258 169 148 16

A 12.8 4.38 85.8 0.376 29.2 34.0 5.6 2.7 2.1 0.4 0.2 292 223 365 14
6 B 12.6 4.64 78.7 0.365 27.1 34.4 10.6 5.9 3.1 1.4 0.2 335 238 1057 82

A 12.0 4.47 81.6 0.364 26.9 33.0 8.3 4.3 3.2 0.3 0.4 297 330 340 32
7 B 11.6 4.57 77.2 0.353 25.4 32.9 11.1 6.5 3.4 0.7 0.4 313 330 241 13

A 11.7 4.78 78.5 0.376 24.5 31.2 7.5 4.4 2.3 0.3 0.4 308 436 365 18
8 B 15.1 5.10 89.7 0.457 29.7 33.1 7.6 4.1 2.9 0.3 0.3 315 198 199 152

A 14.9 5.03 90.4 0.455 29.6 32.8 9.8 6.4 2.6 0.6 0.2 269 186 198 74
9 B 15.2 5.32 84.4 0.449 28.5 33.7 6.2 3.4 2.0 0.5 0.2 263 384 181 50

A 14.7 5.26 85.7 0.451 27.9 32.6 6.5 3.4 2.8 0.4 0.9 228 235 205 67
10B 12.5 4.18 88.1 0.369 29.9 33.9 8.6 4.8 3.0 0.5 0.2 382 187 337 20

A 12.0 4.29 86.7 0.372 28.0 32.3 8.3 5.1 2.6 0.3 0.2 419 282 449 45
11 B 8.5 4.33 65.5 0.283 19.6 29.9 6.8 3.6 2.0 0.6 0.1 338 255 572 14

A 13.2 4.68 86.9 0.406 28.2 32.5 8.0 5.0 1.6 0.9 0.1 297 191 828 38
12 B 11.4 3.52 92.8 0.327 32.3 34.8 7.0 3.8 2.8 0.3 0.1 292 456 315 55

A 11.7 3.85 91.0 0.351 30.4 33.4 7.3 3.6 3.1 0.4 0.1 307 323 433 44
13B 12.1 4.69 78.7 0.369 25.8 32.9 5.1 3.1 1.7 0.2 0.1 367 222 177 18

A 12.5 4.61 79.3 0.366 27.0 34.0 5.8 3.8 1.5 0.4 0.1 316 264 181 28
14 B 11.9 4.24 86.6 0.367 28.1 32.5 5.1 2.9 1.8 0.4 0.1 140 160 120 12

A 13.3 4.64 87.1 0.404 28.6 32.8 5.8 3.3 1.8 0.6 0.1 158 198 678 33
15B 14.1 4.84 89.1 0.431 29.2 32.8 6.1 2.4 3.2 0.4 0.1 218 346 665 96

A 15.4 5.00 90.1 0.450 30.9 34.3 4.9 2.0 2.22 0.4 0.1 229 275 482 105
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16 B 12.8 4.64 82.9 0.384 27.6 33.2 10.3 6.4 3.2 0.6 0.1 229 215 1162 85
A 13.2 4.52 89.7 0.405 29.3 32.6 9.6 5.5 3.6 0.1 0.2 362 245 938 110

17 B 6.6 4.46 51.3 0.229 14.7 28.6 7.6 3.7 2.8 0.8 0.2 475 328 570 3
A 13.3 4.75 85.1 0.404 28.1 33.0 6.1 3.7 1.8 0.2 0.3 324 192 438 25

18B 14.6 5.20 84.6 0.447 27.6 32.7 6.5 2.3 3.5 0.2 0.4 380 205 138 65
A

19B 13.1 5.15 80.9 0.417 25.4 31.4 10.1 5.6 3.6 0.6 3.3 265 204 56 53
A 7

20 B 14.2 5.48 79.0 0.433 25.8 32.7 6.3 3.1 2.4 0.3 0.3 293 533 742 11
A 12.1 5.09 74.3 0.378 23.8 32.0 4.8 2.4 1.7 0.4 0.2 337 367 947 7

21 B 10.0 4.97 64.1 0.319 20.1 31.4 6.5 4.0 1.8 0.4 0.2 273 282 303 146
A 9.9 4.81 64.9 0.313 20.6 31.7 7.2 3.6 3.0 0.3 0.1 271 264 295 175

22 B 14.5 5.03 83.5 0.420 28.8 34.5 10.8 5.8 3.8 0.7 0.5 293 315 219 162
A 13.6 4.88 84.2 0.411 28.0 33.2 8.5 5.1 2.6 0.3 0.5 265 406 301 81

23 B 13.3 5.04 79.3 0.400 26.4 33.3 5.3 3.8 1.3 0.2 0.1 210 452 54 6
A 12.1 4.81 78.6 0.378 25.2 32.0 4.1 2.6 1.3 0.2 0.1 189 561 224 6

24 B 9.7 5.29 60.8 0.322 18.3 30.1 7.4 5.0 2.0 0.4 0.0 471 150 234 2
A 10.0 5.22 62.4 0.326 19.2 30.7 7.3 4.5 2.3 0.4 0.1 441 187 234 4

25 B 11.5 6.18 60.9 0.376 18.6 30.6 4.6 2.2 1.7 0.4 0.2 254 106 240 13
A 11.1 6.02 61.9 0.373 18.5 29.9 5.2 2.5 2.0 0.3 0.3 251 709 264 35

26 B 10.0 3.72 82.5 0.307 27.0 32.7 6.1 3.5 2.2 0.3 0.1 212 157 317 9
A 10.7 4.00 82.6 0.330 26.9 32.5 5.4 2.9 1.9 0.5 0.1 198 153 254 18

27 B 13.5 4.37 90.3 0.395 30.9 34.3 6.5 4.1 1.9 0.4 0.1 245 579 695 31
A 13.6 4.47 92.1 0.411 30.4 33.0 5.8 3.2 2.1 0.3 0.1 234 531 864 46

28 B 12.1 4.01 91.3 0.366 30.1 32.9 4.6 2.5 1.7 0.3 0.1 285 270 25 7
A 12.7 3.64 101.4 0.369 34.9 34.4 5.1 2.7 2.0 0.2 0.2 266 256 34 16

29 B 11.1 5.60 64.1 0.359 19.7 30.8 8.1 5.3 2.2 0.4 0.2 264 240 230 8
A 11.4 5.83 64.7 0.377 19.6 30.3 8.9 5.8 2.3 0.5 0.3 261 217 335 23

B = Before, A = After, Bold = Higher than normal range, Bold Italic = Lower than normal range
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Appendix 6.6 Results of LFTs and electrolytes investigation

SI. # Total protein Albumin Total bilirubin ALT ALP Sodium Potassium Creatinine Urea
1 Before 83 44 15 22 91 142 5.5 72 4.4

After 83 44 19 28 91 141 4.7 74 2.7
2 Before 79 39 13 40 81 139 4.3 51 1.4

After 77 38 10 19 79 141 4.4 58 2.0
3 Before 79 41 4 18 93 142 5.1 67 3.6

After 76 40 3 19 79 140 4.5 68 3.7
4 Before 72 41 9 26 80 136 5.1 79 4.9

After 79 41 13 53 107 140 4.2 91 4.4
5 Before 73 42 9 29 84 141 4.6 67 5.7

After 75 44 9 23 74 141 4.5 58 6.7
6 Before 80 43 12 21 105 143 4.8 82 6.0

After 76 44 11 20 75 137 7.9 81 5.8
7 Before 77 41 7 21 78 142 4.0 81 3.4

After 78 43 8 15 74 140 4.8 75 4.6
8 Before 80 44 10 41 78 141 4.4 98 4.3

After 86 49 29 5 110 140 6.0 96 3.5
9 Before 76 45 11 21 56 140 4.7 96 4.7

After 78 42 12 24 79 140 4.9 95 4.9
10 Before 77 46 7 28 70 142 5.5 62 4.8

After 76 42 9 17 57 139 5.6 59 3.7
11 Before 77 44 8 24 107 141 6.9 49 1.7

After 83 45 9 14 100 141 4.3 51 2.6
12 Before 92 45 10 49 99 137 4.6 91 11.4

After 94 46 13 48 139 142 5.2 65 7.9
13 Before 76 40 5 25 80 139 4.3 55 2.7

After 85 42 8 35 164 137 4.5 57 3.9
14 Before 70 43 13 27 59 140 4.4 59 3.2

After 78 45 21 29 64 140 4.5 61 3.2
15 Before 77 45 10 24 59 138 5.1 66 3.8

After 79 47 20 30 62 140 6.5 71 3.3
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16 Before 78 36 6 29 166 142 3.8 61 4.6
After 78 38 13 37 163 141 4.3 67 6.1

17 Before 77 42 4 19 50 140 4.0 64 3.0
After 82 44 9 39 68 138 5.1 64 2.2

18 Before 78 43 12 40 96 140 4.7 72 5.5
After

19 Before 69 37 10 17 94 139 4.2 70 3.3
After

20 Before 77 43 12 42 115 136 5.8 75 4.5
After 71 40 14 32 105 136 5.8 75 4.1

21 Before 75 41 33 30 71 141 4.9 70 4.4
After 76 41 28 22 74 140 8.1 69 4.1

22 Before 78 45 15 57 57 143 4.9 93 4.8
After 74 40 9 74 54 140 8.7 94 4.3

23 Before 73 41 10 29 81 136 13.7 109 6.1
After 71 39 11 19 63 139 7.7 102 5.4

24 Before 76 40 5 25 80 139 4.3 55 2.7
After 78 39 6 29 82 139 4.2 63 3.6

25 Before 71 41 19 28 94 142 5.6 84 3.5
After 73 42 24 63 125 139 5.5 77 3.2

26 Before 77 38 5 16 78 136 4.6 72 6.6
After 85 39 10 19 64 139 4.7 72 5.6

27 Before 76 46 11 35 108 138 4.4 75 5.7
After 78 45 17 50 113 144 5.2 77 5.3

28 Before 73 44 9 37 87 138 5.4 80 4.0
After 77 45 16 35 78 139 5.5 80 4.6

29 Before 74 44 10 53 90 140 5.3 56 5.0
After 80 42 14 54 91 139 4.9 57 4.4

Bold = > normal range, Bold italic = < normal range, ALT = Alanine aminotransferase, ALP = Alkaline phosphatase
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Appendix 6.7 Results of investigation for autoantibodies

SI.# Thyroid Gastric P. cell Anti-nuclear antibody Smooth muscle Mitochondria Striated muscle Anti-DNA Anti-ENA
1 - - - - - - -

2 - - - - - - - -

3 - +V0 A - - - - - -

4 - - - +ve - - - -

5 - +ve - - - - - -

6 - - - - - - - -

7 Microsomal-1/1600 - - - - - - -

8 - +ve - - - - - -

9 - - - Weak +ve - - - -

10 - - - - - - - -

11 Microsomal-1/400 Weak +V0 - Weak +ve - - - -

12 - - - +ve - - - -

13 - - - - - - - -

14 Screen- +ve 
Pattern-diffuse 

Titre- 20

Weak +ve

15 - - - - - - - -

16 - - - - - - - -

17 - - - - - - - -

18 - - - - - - - -

19 Microsomal-1/1600 - - - - - - -

20 - - - - - - - -

21 - - - - - - - -

22 Thyroglobulin- 1/2560 
Microsomal- 1/409600

- - - - - - -

23 - Weak +V0 Screen-weak +ve 
Pattern -diffuse

- - - - -

24 - - - Weak +ve - - - -

25 - - - - - - - -

26 Thyroglobulin-1/640 - +ve- speckled 1/160 - - - - Ro+ve
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Microsomal-1/1600 Lo +ve
27 - - - - - - - -

28 - +ve - - - - - -

29 - +ve - - - - - -

5(17%) 7 (24%) 3(10%) 6(21%) 0 0 0 1 (3%)

DNA = Deoxyribonucleic acid, ENA = Endonucieic acid
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Appendix 6.8 Trend of improvement in inter-incisal mouth opening during and after 
treatment with rh IFN-y

Mouth opening (mm)

SI.#
Before During

istwk 2nd wk Srdwk 4th wk 5th wk 6th wk 7th wk After
6/12

1 17 17 19 21 22 24 25 26 28 24
2 17 19 22 24 25 25 25 25 26 26
3 12 13 16 16 17 17 18 19 20 22
4 20 24 28 28 28 28 28 28 28 30
5 35 35 37 37 37 37 38 38 39 39
6 26 26 30 27 34 34 34 34 34 32
7 18 21 22 21 21 24 24 26 26 24
8s 18 22 23 24 26 28 29 30 30 28
9 21 25 27 28 29 29 29 29 29 29

IQs 22 26 32 32 31 31 35 36 37 42
11 22 25 25 28 29 29 30 30 30 31
12 12 16 18 18 18 18 18 20 21 20
13 21 23 28 28 28 28 28 28 29 29
14s 28 29 38 41 41 42 42 42 43 43
15 19 24 24 26 27 27 27 28 28 27
16 15 19 19 20 20 20 20 22 22 22
17 19 25 25 24 25 26 25 26 26 27

*18s 23 22 30
19>-g 11 11 12 13 14 14 15 15 15 15
20' 16 20 20 21 21 21 21 21 21 20
21s 27 28 29 30 31 31 31 32 33 37
22s 25 26 30 31 32 32 32 31 32 39
23'.g 17 21 21 21 21 21 22 25 25 25
24 19 23 24 26 26 27 27 27 27 27
25' 24 25 30 32 32 32 32 32 32 32
26 27 32 34 34 35 35 35 37 38 39
27 35 35 42 42 42 43 43 43 43 43
28 35 35 37 38 39 40 40 41 41 40
29' 19 19 20 21 21 22 23 23 23 22

Mean 21.4 29.5 29.8
Median 20.0 28.5 28.5
Mode 19.0 28.0 22.0

6/12 = six months after completion of treatment 
* Left the trial halfway through 
® = Short duration 
' = Longer duration
'■ 9 = Longer duration and surgical intervention previously done 
Others are moderately long duration



Appendices 267

Appendix 6.9 Improvement of mouth opening after and six months after completion of 
treatment and a net gain after six months

SI.# Before
(mm)

After
(mm)

Improvement
(%)

6/12 after 
(mm)

Improvement
(%)

Net gain 
(mm)

Net gain 
(%)

1 17 28 64.7 24 41.2 7 41.2
2 17 26 52.9 26 52.9 9 52.9
3 12 20 66.7 22 83.3 10 83.3
4 20 28 40.0 30 50.0 10 50.0
5 35 39 11.4 39 11.4 4 11.4
6 26 34 30.8 32 23.1 6 23.1
7 18 26 44.4 24 33.3 6 33.3
8s 18 30 66.7 28 55.6 10 55.6
9 21 29 38.1 29 38.1 8 38.1

1Qs 22 37 68.2 42 90.9 20 90.9
11 22 30 36.4 31 40.9 9 40.9
12 12 21 75.0 20 66.7 8 66.7
13 21 29 38.1 29 38.1 8 38.1
14s 28 43 53.6 43 53.6 15 53.6
15 19 28 47.4 27 42.1 8 42.1
16 15 22 46.7 22 46.7 7 46.7
17 19 26 36.8 27 42.1 8 42.1

*18s 23 30 7 30.4
19''9 11 15 36.4 15 36.4 4 36.4
20' 16 21 31.3 20 25.0 4 25.0
21s 27 33 22.2 37 37.0 10 37.0
22s 25 32 28.0 39 56.0 14 56.0
23'.g 17 25 47.1 25 47.1 8 47.1
24 19 27 42.1 27 42.1 8 42.1
25' 24 32 33.3 32 33.3 8 33.3
26 27 38 40.7 39 44.4 12 44.4
27 35 43 22.9 43 22.9 8 22.9
28 35 41 17.1 40 14.3 5 14.3
29' 19 23 21.1 22 15.8 3 15.8

Mean 21.4 29.5 41.4 29.8 42.3 8.4 41.9
Median 20.0 28.5 39.0 28.5 41.6 8.0 41.2
Mode 19.0 28.0 66.7 22.0 42.1 8.0 42.1

SD 6.5 7.1 16.4 7.8 18.4 3.5 18.2

* Left the trial halfway through 
® = Short duration 
' = Longer duration
'' 9 = Longer duration and surgical intervention previously done
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Appendix 6.10 Overall improvement of mouth opening and other oral problems after and six 
months after completion of treatment

Improvement of oral symptoms and mouth opening (%)
Burning sensation Taste sensation Mouth opening

SI.# After 6/12 After 6/12 After 6/12
1 50.0 55.0 60.0 60.0 64.7 41.2
2 50.0 60.0 75.0 75.0 52.9 52.9
3 60.0 60.0 70.0 75.0 66.7 83.3
4 60.0 75.0 75.0 75.0 40.0 50.0
5 50.0 60.0 60.0 60.0 11.4 11.4
6 50.0 50.0 60.0 70.0 30.8 23.1
7 40.0 45.0 70.0 75.0 44.4 33.3
8 80.0 80.0 100.0 100.0 66.7 55.6
9 30.0 35.0 40.0 40.0 38.1 38.1
10 100.0 100.0 90.0 100.0 68.2 90.9
11 60.0 75.0 50.0 75.0 36.4 40.9
12 30.0 25.0 25.0 30.0 75.0 66.7
13 0.0 0.0 25.0 25.0 38.1 38.1
14 95.0 75.0 75.0 75.0 53.6 53.6
15 50.0 90.0 60.0 75.0 47.4 42.1
16 30.0 30.0 0.0 0.0 46.7 46.7
17 25.0 50.0 25.0 25.0 36.8 42.1
18
19 36.4 36.4
20 75.0 75.0 75.0 75.0 31.3 25.0
21 80.0 90.0 80.0 90.0 22.2 37.0
22 80.0 85.0 80.0 95.0 28.0 56.0
23 50.0 50.0 40.0 40.0 47.1 47.1
24 55.0 75.0 80.0 90.0 42.1 42.1
25 75.0 75.0 60.0 75.0 33.3 33.3
26 30.0 45.0 70.0 75.0 40.7 44.4
27 30.0 30.0 0.0 0.0 22.9 22.9
28 75.0 80.0 70.0 85.0 17.1 14.3
29 55.0 60.0 100.0 100.0 21.1 15.8

Mean 54.3 60.4 59.8 65.2 41.4 42.3
Median 50 60.0 70.0 75.0 39.0 41.6
Mode 50 75.0 60.0 75.0 66.7 42.1
SD 23.4 23.4 26.6 28.7 16.4 18.4

95% Cl 9 9 10 11 6 7
Range 45-63 52-69 50-70 54-76 35-47 36-49

After = Immediately after treatment

6/12 = Six months after completion of treatment
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Appendix 6.11 Adverse events experienced by the patients during or after treatment with 
rh IFN-y

SI.# Flu-like symptoms Headache Myalgia Other events
1 - + + -

2 ++ + + -

3 - + + -

4 ++ + + -
5 - + + -
6 + + + -

7 ++ ++ ++ Hot & cold feeling
8 + - - -
9 - + - -
10 - + + Hot & cold feeling
11 + ++ + -

12 ++ ++ + -
13 + - + -
14 - - - -
15 - + - -
16 + + + -
17 + + + -
18* - - - -
19 ++ +++ ++ Peeling of sole skin
20 + + + -
21 ++ +++ ++ -
22 ++ ++ ++ -
23 + + + Giddiness and blurred vision
24 + - + -
25 - - - -
26 - + + -
27 + + - -
28 ++ + + -
29 - + + -
Total 18 (62%) 23 (79%) 22 (76%)
Mild 10 (34%) 17 (59%) 18 (62%) Giddiness = 1 (3%)
Moderate 8 (28%) 4 (14%) 4 (14%) Hot & cold =2 (7%) 

Peeling of sole skin =1 (3%)
Severe 0 2 (7%) 0
No complaints 3(10%)

+ = mild, ++ = moderate, +++ = Severe



Appendix 7.1 Estimated density of CD3-positive cells in normal mucosa and OSF-before and after treatment

Normal mucosa OSF- Before treatment OSF- After treatment
S L # Epithelial cells Lamina propria Overall Epithelial cells Lamina propria Overall Epithelial cells Lamina propria Overall

1 - + + ++ +++ ++ + + +
2 - + + + ++ ++ + + +
3 + + + + + + + + +
4 + ++ + ++ ++ ++ + ++ +
5 + + + ++ + + + +
6 + ++ + ++ +++ +++ + ++ ++
7 + + + ++ ++ ++ + + +
8 + + + +++ ++ + ++ ++
9 + + + + + + + + +
10 + + + + +++ ++ + ++ +
11 ++ ++ ++ + + +
12 ++ ++ ++ + +
13 + + + + + +
14 + ++ + + + +
15 ++ ++ ++ + ++ ++
16 + + + + +
17 ++ +++ +++ + ++ ++
18 ++ +++ +++
19 + ++ + + + +
20 + + + + + +
21 + ++ + + + +
22 ++ ++ ++ + ++ +
23 + + + + +
24 + + + + + +
25 + ++ + + +
26 + + + + +
27 + ++ + + + +
28 + + + + + +
29 + + + + + +

Mean 0.60 1.20 1.00 1.34 1.82 1.55 0.82 1.25 1.14
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Appendix 11 Estimated density of CD4-positive cells in normal mucosa and OSF-before and after treatment

Normal mucosa OSF- Before treatment CISF- After treatment
SL# Epithelial cells Lamina propria Overall Epithelial cells Lamina propria Overall Epithelial cells Lamina propria Overall

1 - + + ++ ++ ++ + ++ +
2 - + + + ++ + + + +
3 + + + + + + + + +
4 + + + ++ ++ ++ + ++ +
5 - + + + + + + + +
6 + + + ++ ++ ++ + ++ ++
7 + + + + ++ + + + +
8 + + + + ++ ++ + ++ ++
9 - + + + + + + + +
10 - + + + ++ ++ + + +
11 + ++ + + + +
12 ++ ++ ++ + ++ ++
13 + + + - + +
14 + + + + + +
15 + + + + + +
16 + + + - + +
17 + ++ ++ + ++ ++
18 ++ ++ ++
19 + + - + +
20 + + + + + +
21 + + + + + +
22 + ++ + + ++ +
23 + + + - + +
24 + + + + + +
25 + + + - + +
26 + + + - + +
27 - + + + + +
28 + + + + + +
29 - + + - + +

Mean 0.50 1.00 1.00 1.06 1.41 1.27 0.75 1.25 1.14
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Appendix 7.3 Estimated density of CD8-positive cells in normal mucosa and OSF-before and after treatment

Normal mucosa OSF- Before treatment OSF- After treatment
S L # Epithelial cells Lamina propria Overall Epithelial cells Lamina propria Overall Epithelial cells Lamina propria Overall

1 - - - + + + - + +
2 - - - - - - - + +
3 - + + - - - - - -
4 - + + - + + + + +
5 - - - - - - - - -
6 + + + + ++ ++ ++ + ++
7 - + + - + + - + +
8 - + + - + + - + +
9 - - - - - - - - -

10 + - + + + + - + +
11 + - + - - -
12 + ++ + + + +
13 - - - - - -
14 + - - + +
15 - + + - - -

16 - + + - + +
17 - - - - + +
18 - - -
19 - + + - - -
20 - - - - - -
21 - - - - + +
22 - - - - + +
23 + - - - - -
24 - - - - - -
25 - - - - - -
26 - + + - + +
27 - - - - - -

28 + + + + + +
29 - - - - - -

Mean 0.20 0.50 0.60 0.24 0.51 0.48 0.17 0.53 0.57
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Appendix 7.4 Estimated density of HLA-DR-positive cells in normal mucosa and OSF-before and after treatment

Normal mucosa OSF- Before treatment OSF- After treatment
S L # Epithelial cells Lamina propria Overall Epithelial cells Lamina propria Overall Epithelial cells Lamina propria Overall

1 + + + - + + ++ ++ +++
2 + ++ ++ - ++ ++ ++ ++ ++
3 ++ + + + ++ + + ++ +
4 + + + + ++ + ++ ++ ++
5 + + + + + + ++ ++ ++
6 + ++ ++ ++ ++ ++ ++ ++ ++
7 + + + + + + ++ ++ ++
8 + ++ ++ + ++ ++ ++ ++ ++
9 ++ + ++ + + + + +
10 + + + + ++ ++ ++ + ++
11 ++ + ++ ++ ++
12 + ++ + + + +
13 ++ ++ + + +
14 + ++ ++ ++ + ++
15 + + + + + +
16 + + + + +
17 ++ +++ +++ ++ ++ ++
18 + +++ ++
19 ++ ++ + + +
20 + + + + +
21 + ++ + + + +
22 + + + + + +
23 ++ ++ ++ ++ ++ ++
24 + + + ++ ++ ++
25 + + + + + +
26 + + + + + +
27 + + + ++ ++ ++
28 + + + + + +
29 - + + ++ + +

Mean 1.20 1.30 1.50 0.79 1.58 1.46 1.50 1.46 1.48
♦ HLA-DR alpha chain reacts with B cells, activated T cells, macrophages, antigen presenting cells, e.g. .angerhans' cells, endothelial and epithelial cells
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Appendix 7.5 Estimated density of positively stained cells of origin of IL-1 p in normal mucosa and OSF-before and after treatment

Normal mucosa OSF-Before treatment OSF-After treatment
SL# Infla.cells Epi. cells End.cells Fibrobla. Overall Infla.cells Epi. cells End.cells Fibrobla. Overall Infla.cells Epi. cells End.cells Fibrobla. Overall
1 - + + + + + ++ ++ + ++ + + + - +
2 - - - - - - + + - - - + - -
3 - - - + - + + + + + - + + - +
4 - + + - + + ++ ++ + ++ + - + + +
5 - - + + + + ++ + + + - + + - +
6 - - - - - - + - + - - - + -
7 - - + - - - + + - + - + - - +
8 - + + - + + +++ + - ++ - + - - -
9 - - - - - - + + + + - + - - +
10 - + + + + - + - + - + - - +
11 - ++ - ++ - + - -
12 + ++ ++ - ++ + + - - +
13 - - - + - -
14 - + + - + - + + + +
15 + ++ - + - + - +
16 - + + - + - - - -
17 + + + - + - + + - +
18 + + + - +
19 - + + + - + - + +
20 - ++ + - + - - - -
21 - ++ + - + - + - + +
22 - + + + + - - + -
23 - ++ + + + - - - +
24 - + + - + - + - - +
25 - ++ + - + - - + + +
26 - - - - - -
27 - + + + + - + + + +
28 - ++ + - + - + + + +
29 + + + + + - - - - -
Mean 0 0.40 0.60 0.40 0.50 0.34 1.37 0.86 0.34 1.10 0.13 0.64 0.39 0.35 0.57
♦ Cells synthesise IL-1 p are monocytes I macrophage, epithelial cells, kératinocytes, endothelial cells, fibroblasts, glial cells and neuronal cells,
♦ Infla. cells = Inflammatory cells, Epi. cells = Epithelial cells, Endo. cells = Endothelial cells. Fibre. = Fibroblasts
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Appendix 7.6 Estimated density of positively stained cells of origin of IL-6 in normal mucosa and OSF- before and after treatment

Normal mucosa OSF-Before treatment OSF-After treatment
S L # Infla. cells Endothelium Fibroblasts Overall Infla. Cells Endothelium Fibroblasts Overall Infla. cells Endothelium Fibroblasts Overall

1 - + - - +++ +++ + ++ + ++ + +
2 + ++ - + ++ ++ ++ ++ +' + + +
3 - + + + ++ + + + + +++ + ++
4 + ++ ++ ++ ++ ++ ++ ++ + ++ - +
5 - ++ + + ++ + ++ ++ - + -
6 - + + + ++ ++ ++ ++ + + - +
7 - - + + + + ++ + - + + +
8 - - - - + ++ ++ ++ + + + +
9 + - + + ++ ++ + ++ - + -
10 - + + + + ++ + + - + - +
11 ++ +++ + ++ - + + +
12 - ++ + + + + +
13 + ++ + + - +++ + ++
14 - + + + - + + +
15 - ++ ++ ++ - + + +
16 ++ ++ ++ ++ - -
17 + + ++ + - + + +
18 ++ ++ ++ ++
19 + ++ + + - + + +
20 - + + + - + -
21 ++ ++ ++ ++ + + + +
22 + + + + - + + +
23 + + + + - + - +
24 + +++ + ++ - + + +
25 + + + + + + +
26 - + + + - + + +
27 - + + + - + + +
28 - + - - - + -
29 + ++ + + - + - +
Mean 0.30 1.00 0.80 0.90 1.17 1.68 1.34 1.41 0.32 1.10 0.67 0.89
♦ Cells synthesise IL-6 are T cells, monocytes I macrophages, fibroblasts, endothelial cells, neuronal cells
♦ Infla. cells = Inflammatory cell
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Appendix 7.7 Estimated density of positively stained cells of origin of IFN-p in normal mucosa and OSF- before and after treatment

Normal mucosa OSF- Before treatment OSF- After treatment
S L # inflammatory cells Fibroblasts Overall Inflammatory cells Fibroblasts Overall Inflammatory cells Fibroblasts Overall
1 - - - + + + + - -
2 - - + + + ' + + +
3 - - - + + - + +
4 - + + + ++ + + - +
5 + - + ++ + ++ - - -
6 + + + ++ + + + +
7 - - - + + - -
8 - + + + + - + +
9 - - - + + + - -
10 + - + + + + - -
11 + + - + +
12 ++ ++ ++ + - +
13 + + + - -
14 + + + - + +

15 + ++ ++ + + +
16 + + + - -
17 + ++ + - + +
18 ++ + ++
19 + - + - + +
20 - + - +

21 + ++ ++ - -
22 ++ ++ ++ - + +

23 + + + - -
24 ++ + ++ - -

25 + + + + - +

26 + + - -
27 + + + - + +

28 + + + + + +

29 - - - - - -

Mean 0.30 0.30 0.50 0.97 1.06 1.17 0.32 0.42 0.57
♦ Ce Is synthesise IFN-p are T cells, B cells, monocytes / macrophage, fibroblasts
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Appendix 7.8 Estimated density of positively stained cells of origin of IFN-y in normal mucosa and OSF- before and after treatment

Normal mucosa OSF-Before treatment OSF- Before treatment
S L # T cells NK cells Overall T cells NK cells Overall T cells NK cells Overall
1 + - + + - + - - -
2 + - + - - - - - -
3 + - + - - - + - +
4 + - + + - + + - +
5 + - + + - + + + +
6 - - - - - - + - +
7 ++ - ++ - - - + - +
8 + - + - - - + - +
9 - - - - - - - -
10 + - + - - - + - +
11 + - + + - +
12 + - + + - +
13 - - - + - +
14 - - - + - +
15 - - - - - -
16 - - - - - -
17 + - + + - +
18 + - +
19 - - - - - -
20 + - + - - -
21 - - - + - +
22 + - + + - +
23 - - - - - -
24 - - - - - -
25 - - - - - -
26 + - + - - -
27 - - - - - -
28 + - + + - +
29 - - - - - -
Mean 0.90 0 0.90 0.37 0 0.37 0.53 0 0.53
♦ IFN-y-positive cells are activated T cells and NK cells
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Appendix 7.9 Estimated density of the positive cells of origin of FGFb in normal mucosa and OSF-before and after treatment

Normal mucosa OSF-Before treatment OSF-After treatment
S L # Inflammatory cells Kératinocytes Fibroblasts Overall Inflammatory cells Kératinocytes Fibroblasts Overall Inflammatory cells Kératinocytes Fibroblast

s
Overall

1 + + + + ' + + ++ + + + +

2 ++ + + + + ++ + + + ++ + +

3 ++ + + + + + + + + ++ + +

4 + + + + + + + + ++ ++ ++

5 - - + - ++ ++ +++ ++ - + +

6 - - - - + ++ + + + + + +

7 + + ++ + + ++ + + - + - +

8 + - + + ++ + + + + - - +

9 + ++ + + ++ +++ ++ ++ - + + +

10 ++ + ++ ++ + +++ +++ +++ - - + +

11 + ++ + + + + + +

12 ++ + + + - + +

13 ++ +++ ++ ++ + ++ + +

14 + + + + - + + +

15 ++ + ++ ++ + + + +

16 + + + - - -
17 ++ + + + + + - +

18 +++ +++ ++ +++

19 + + + + + + + +

20 + + + + - + + +

21 ++ ++ + ++ + + - +

22 ++ +++ +++ +++ + ++ ++ ++

23 ++ ++ +++ ++ - + ++ +

24 + + + + - + - -
25 ++ +++ +++ +++ - - - -

26 + + ++ + - - - -
27 ++ ’ + + + - + + +

28 + + ++ ++ + + + +

29 + + + + - - + +

Mean 1.10 0.80 1.10 0.90 1.48 1.55 1.51 1.44 0.53 0.92 0.75 0.92
♦ Cel 8 synthesise FGFb are CD4 and CDS positive cel s, macrophages, Platelets and megakaryocytes, kératinocytes and fibroblasts
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Appendix 7.10 Estimated density of positively stained cells of origin of PDGF in normal mucosa and OSF- before and after treatment

Normal mucosa OSF-Before treatment OSF-After treatment
S L # Vas SM & End cells Fibro. Macrophage Overall Vas SM &End cells Fibro. Macrophage Overall Vas SM & End. cells Fibro. Macrophage Overall
1 + + - + +++ + ++ ++ ++ + + +

2 +++ + + ++ +++ + ++ ++ + + ‘ + +

3 + - - - ++ + ++ ++ ++ + + +

4 ++ - + + ++ ++ + ++ ++ + + +
5 + + + + + ++ + + + + + +

6 - + + + + + ++ + + + - +

7 ++ ++ ++ ++ + + + + + + - +
8 - ++ - + ++ + - + + + + +
9 + - + + ++ - - + + + + +
10 + + + + + - + + ++ + - +
11 + + - + ++ + - +
12 ++ ++ + ++ + - + +
13 + + + + + + + +
14 + + - + + -
15 ++ + - + + + + +

16 + - - -
17 +++ + ++ ++ + + - +

18 +++ ++ ++ ++

19 + + + + + + - +

20 + + + + + + - +

21 +++ ++ + ++ ++ + + +

22 + - - + + - +

23 + - - + - -
24 + + + + + - +

25 + + + + + -
26 - - + + - +

27 + + - + + + - +

28 + + - + + + + +

29 - - - - + - + -
Mean 1.20 0.90 0.80 1.10 1.41 0.96 0.79 1.13 1.07 0.85 0.46 0.82

Cells synthesise PDGF are platelets, placental cells, fibroblasts, vascular smooth muscle and endothelial cells and monocytes I macrophage. Here estimated vascular smooth 
muscle and endothelial cells, fibroblasts and monocytes/macrophages. Vas SM & Endo. cells = Vascular smooth muscle and endothelial cells, Fibro.=Fibroblasts
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Following on from studies on the aetiology of oral submucous fibrosis 
(OSF), as described in chapter 7, we have also shown that submucosal 
fibroblasts in sections o f oral mucosa from OSF patients react with the 
antibody to the enzyme prolyl 4-hydroxylase, (a key enzyme in collagen 
biosynthesis); no reactivity was found in normal mucosal fibroblasts. 
Binding of the antibody to prolyl 4-hydroxylase reflects the coU%en syn
thesizing activity o f cells^*\ Interestingly, a proportion of the epithelial 
cells in the OSF specimens also reacted specifically with this antibody, 
suggesting that these cells have been stimulated to synthesize collagen 
(Henderson, Bando and Harris, unpublished). Thus, exposure o f the 
oral mucosa to arecoline and its metabolites results in the stimulation of 
fibroblast proliferation and the production o f extracellular matrix 
macromolecules, ie collagen, %vhich may be rendered resistant to break
down by enhanced cross4inkage.

The available treatments for OSF. as with scleroderma and keloid 
scarring, are largely ineffective. Steroids fail to inhibit the fibrosis. 
Surgical removal o f the fibrotic buccal mucosa and split-skin grafting is 
only partially successful, and in a high proportion o f patients the 
grafted skin became fibrosed (Harris and Hopper, unpublished). A 
possible clue to treatment comes from a recent study b\ McCauley a  
û i/~ \  who observed an alteration in cytokine prcxluction in patients 
v\iih keloid scarring. Cvtokines are intercellular and intracellular
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agents which acuvate the upregulation (increase) and dovMiregulation 
(decrease) of tissue chemistry. Thev plav important roles in inflzun- 
mation, mmour acuvitv and connective tissue formation and destruc
tion (eg scar form ation). We have shown that the cvtokines IL-1 and 
IL-6 are present in OSF mucosa but not in normal control mucosa. 
McCauley et al. have undertaken a comprehensive study of those 
cytokines related to fib r^ is  and have shown that the macrophage 
production of interferon-alpha (IF N -a ), interferon-gamma (IFN-y) 
and rumour necrosis factor-6 (TN F-0) were markedly depressed in 
these patients, as compared to normal subjects, whereas interleukin-6 
(IL -6 ), TNF-a and IFN-^ levels were increased. I f  these altered levels of 
regulatory cytokines play a significant role in the net increase in colla
gen synthesis in keloid scarring, a similar mechanism mav be relevant 
to OSF.

There has also been considerable interest in the role o f IFN-y as an 
andfibrotic c y t o k i n e A s  stated in chapter 7, the active psvchotropic 
alkaloid of the areca nut, arecoline, which is consumed for its euphoric 
effects, when added to fibroblasts in culture, produces a marked 
increase in collagen producdon. We have since showm that the increased 
level of collagen synthesis in intro in response to arecoline is inhibited in 
the presence of Il^ -y , 10-1000 U /m l^^\

Thus, the local administradon of IF N ^ , as described by Larrabee 
et Granstein et and Hein et would seem to be highlv 
appropriate in cases o f OSF, pardcularly as intralesional injecdons 
produce only minimal side-effects, and then only in a very few 
padents. These have been reported as short-term headache and mvalgia 
following the first injecdon, which can be prevented by analgesics. 
There is no published evidence o f intralerional IFN-y injecdon 
producing any adverse haematological, biochemical, hepadc or renal 
changes.

We examined the mouths of a number of areca nut chewers in 
primary healthcare clinics, to examine the levels of OSF and differenti
ate these from other premalignant lesions o f the oral cavitv. Padents 
were interviewed and gave a full medical, dental and habit hisiorv. 
Fifteen padents were admitted to the trial. The treatment regime con
sisted of 15 intralesional injecdons o f IFN-y. 56pg twice a week over an 
8-week period. Prior to treatment, interincisal mouth opening was 
recorded for each padent, so that this could be compared with 
measurements taken at follow-up, after treatment with lF \-y . The 
results are verv promising so far. six patients have completed the treat
ment. and show a mean ( ±SD) 40 ±  16% improvement after H weeks. In 
view of the possibilirv of further improvement with a second, extended 
course of treatment, this mav prove to be the most efhcaceous wav of 
managing this intractable condition.
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Key Points

a) OSF fîbroblasts in sections of oral mucosa from OSF patients are 
upregulated to make collagen, in that they have h^h  concentrations of 
the enzyme prolyl 4-hydroxyiase, (a key enzyme in collagen biosyn
thesis), whereas normal mucosal fibroblasts had very little  or none of 
this enzyme.
b) OSF mucosa expresses the cytokines interleukin-1 alpha and inter
leukin-6, which were not seen in normal mucosa. These cytokines pro
mote fibroblast replication and collagen synthesis.
c) The available treatments for OSF, as with scleroderma and keloid 
scarring, are largely ineffective.
d) Increased collagen synthesis m vitro  in response to arecoline is in
hibited in the presence o f the antifibrodc cytokine IFN-y.
e) Therefore, the local administration of IFN-y would seem to be highly 
appropriate in OSF, particularly as intralesional injections produce min
imal side-effects, and then only in a very few pyatients.
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Oral submucous fibrosis (OSF) is a chronic disease o f the oral cavity characterized 
by inflammation and progressive mucosal fibrosis. These reactions may be the re
sult o f either direct stimulation from exogenous antigens like areca alkaloids or by 
changes in tissue antigenicity that may lead to an autoimmune response. This study 
investigated the presence and distribution o f inflammatory cells and M H C  class I I  
antigen expression by epithelial and immunocompetent cells using a three-stage 
immunoperoxidase method on frozen sections. Thirty OSF tissue specimens and 
ten normal buccal mucosae were studied and compared. A ll tissues were investi
gated using antibodies to T  cells (CD3), T helper/inducer cells (CD4), T suppressor/ 
cytotoxic cells (CDS), B cells (CD20), naive T cells and monocytes (CD45RA), ma
crophages, Langerhans’ cells (CD68) and HLA-DR-positive cells (H LA-D R  al
pha).ThepredominantcellpopulationsdetectedinnormaltissueswereCD3,CD4 
and HLA-DR-positive cells. The distribution o f CD4-positive cells was similar to 
that o f CD3-positive cells, which were scattered, often uniformly distributed, both in 
the epithelium and connective tissue. CD8-positive cells were occasionally seen in 
the normal epithelium and lamina propria. Few scattered B cells (CD20) and macro
phages (CD68) were observed in normal mucosa. Naive T cells (CD45RA) were 
seen in all normal tissues focally concentrated around the connective tissue papillae, 
with a similar distribution to that o f CD3-positive cells. A ll normal sections showed 
HLA-DR-positive cells scattered both in the epithelium and in the lamina pro
pria. Epithelial cells did not show any positive reaction to this antibody and many 
intraepithélial positive cells showed a dendritic morphology. The cell populations 
detected in OSF showed higher numbers o f CD3 and HLA-DR-positive cells com
pared with those o f the normal tissues. The pattern o f staining for CD4-positive cells 
in OSF tissues was similar to that o f CD3-positive cells both in the epithelium and 
connective tissue and was higher than that in normal tissues. A  few scattered CD8- 
positive cells and only occasional CD20- and CD68-positive cells were seen in OSF 
sections. Few CD45RA-positive cells were found in the epithelium and lamina 
propria o f OSF sections. However, OSF specimens showed high numbers o f H LA- 
DR-positive cells in the basal layer o f the epithelium, juxtaepithelium and in the 
lamina propria in a similar distribution to that o f CD3 cells compared with the nor
mal tissues. Most HLA-DR-positive cells in the epithelium showed dendrites di
rected vertically towards the surface. The increased evidence o f CD4 and HLA-D R - 
positive cells in OSF tissues suggests that most lymphocytes were activated and shows 
an increased presence o f Langerhans’ cells. The presence o f these immunocompe
tent cells and high ratio o f CD4 to CD8 in OSF tissues suggest an ongoing cellular 
immune response leading to a possible imbalance o f immunoregulation and alter
ation in local tissue architecture.
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Oral submucous fibrosis (OSF) is an in
sidious chronic fibrotic disease that in
volves the oral mucosa and occasionally 
the pharynx and upper third o f the oe

sophagus. I t  is characterized by a juxta- 
epithelial inflammatory reaction fo l
lowed by a fibro-elastic change in the 
submucosa and epithelial atrophy, lead

ing to stiffness o f the oral mucosa and 
progressive inability to open the mouth. 
The malignant potential o f this condi
tion was first described by Pa y m a s te r
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Table 1. Antibodies used in this study

Antibody Specificity D ilution

T3-4B5 CD3, 20 kDa epsilon-chain on all T  cells 1:100
MT310 CD4, 59 kDa glycoprotein on T cells o f helper/inducer subtype 1:20
DK25 CDS, 32 kDa molecules on suppressor/cytotoxic T cells 1:100
B-Ly 1 CD20, 37/35 kDa polypeptide on B cells 1:20
4KB5 CD45RA, 205 and 220 kDa polypeptide chain on B cells.

few (naive) T cells and monocytes 1:50
E B M ll CD68, 110 kDa glycoprotein on macrophages, thymocytes.

myeloid cells, Langerhans’ cells 1:100
TAL.1B5 HLA-DR/alpha, alpha chain o f H L A  Class II DR antigen

(monomorphic) 1:50
Goat anti-mouse Second antibody 1:300

A ll antibodies were purchased from Dako Ltd.

Table 2. Clinical and histological profiles o f OSF patients and controls

Clinical/ Sex
Duration (yr) 

Median (range)

M outh opening
microscopic
diagnosis

Age tyr)
Male Female Median (range)

(mm) 
Median (range)

OSF ( / I  = 30) 
Normal (/i =  10)

11 19 48 (16-68)
4 6 35(19-45)

15 (1-30) 
Normal

21 (11-35)
40 (32^5 )

= number o f subjects

the oral mucosa, leading to changes o f 
oral submucous fibrosis and oral 
cancer.

It is generally accepted that the 
disease is initiated in the connective 
tissue and that the epithelial changes o f 
atrophy and, ultimately, of cytological 
atypia are secondary (7). In oral epithe
lial dysplasia M ig l io r a t i  et al. (8) have 
shown an increase in activated T  cells 
and in the ratio o f CD4:CD8 lympho
cytes. However, this is unlikely to be 
specific to dysplasias since sim ilar in
creases have been found in lichen pla
nus and “ leukoplakia" (9).

In OSF the role o f epithelial-mes
enchymal interactions is likely to be im 
portant and may be mediated by cyto
kines produced as a result o f the in
flammatory infiltrate. The purpose o f 
this study was to characterize the in
flammatory infiltrate in OSF to identify 
cell populations that may be important 
in mediating the local pathological 
changes.

(1) and emphasized subsequently by 
other authors who have reported a ma
lignant transformation rate between 3% 
and 7.6% (2-5). Although not a com
mon condition, it occurs almost exclu
sively in people o f Southeast Asian 
stock. Many cases have been reported 
in European, North American and 
South African populations o f Indian 
extraction. The available epidemiologi
cal data indicates a clear-cut geograph
ical and ethnic predisposition that sug
gests that certain customs or habits, or 
the genetic predisposition prevalent 
among the population in Southeast 
Asia, are aetiological factors. Although 
it is generally accepted that areca alka

loids and tannins in the betel quid (pan) 
play an important role in the etiology 
o f OSF (2, 5), other factorss including 
genetic, immunogenic, nutritional, and 
even autoimmunity, may also be in
volved (4, 7). Although the clinical and 
histological features have been widely 
reported, once the disease has devel
oped there is still no effective treatment 
(3). Previous histological studies (7, 8) 
o f OSF and other oral precancerous 
conditions have shown variations o f T 
lymphocyte subpopulations in the 
lesions that may be associated with re
lease o f various factors that may modi
fy the local immune response. These 
may have direct or indirect effects on

Material and methods

Thirty OSF patients (19 women and 11 
men) and 10 normal control subjects (6 
women and 4 men) were recruited for 
this study. A ll patients had a history o f 
limited mouth opening with palpable 
fibrous bands in both cheeks and/or in
elastic, depigmented buccal mucosa, 
lips, soft palate or floor o f the mouth. 
One patient had small, superficial b ilat
eral ulcers in the buccal mucosa.

Tissue preparation

Two 4 mm punch biopsy specimens 
were obtained from the lesional area o f

Fig. I. Histological changes in OSF showing 
atrophic epithelium, w ith loss o f rete-ridges 
and relatively avascular hyalinized collagen. 
There is a prominent subcpithelial infiltrate 
o f lymphocytes. (H &  E; x82)



Fig. 2. Norm al oral mucosa stained for (A) 
CD3 and (B) CD4; Scattered CD3-positive 
lymphocytes are seen in the superficial con
nective tissue and scattered w ithin the epithe
lium. A  sim ilar distribution is seen for CD4 
although there are fewer positive cells w ithin 
the epithelium. (X82)
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Fig. J. Normal oral mucosa stained for 
H LA -D R  shows scattered cells w ithin the 
connective tissue and epithelium. Many o f 
the cells w ithin the epithelium have a den
dritic  morphology, suggesting that these are 
Langerhans cells. ( x 82 )
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the buccal mucosa o f each patient. margins from buccal flaps raised for mi- neutral buffered formalin and pro-
Tissue from control subjects was ob- nor oral surgical procedures. One o f the cessed routinely for hematoxylin and
tained, with permission, as superfluous two patient specimens was fixed in 10% eosin staining and histopathological di-
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Fig. 4. A typical case o f OSF, showing focal 
infiltrates o f CD3-positive cells below the epi
thelium and in a perivascular distribution in 
the deeper connective tissues. (X40)

agnosis. Control specimens and the se
cond patient specimen were carried in 
Hank's solution, snap frozen in liquid 
nitrogen within an hour and stored at 
-80°C  until used for histological and 
immunohistochemical investigations. 
Sections were cut at 5 pm on a cryostat 
with the cabinet temperature main
tained at below -25°C  and taken up 
onto glass slides treated w ith poly-L-ly- 
sine. Slides were air-dried at room tem
perature for 2 h.

R eagents

The antibodies used were monoclonal 
mouse anti-human antibodies. The spe
cificities, sources and working dilutions 
are given in Table 1. The biotinylated 
goat anti-mouse second layer antibody, 
streptavidin-pcroxidase complex and 
normal goat serum were obtained from 
Dako Ltd. Hydrogen peroxide (HiO?), 
bovine serum albumin (BSA), 0.1 M 
phosphate buffered saline (PBS) pH

7.6, and 3,3-diaminobenzidine (D AB) 
were obtained from Sigma Chemical 
Company Ltd. A ll other reagents were 
obtained from BDH Ltd.

Im m uno his tochem ica l m eth ods

Sections were dried at room temper
ature, fixed in acetone fo r 20 min and 
washed briefly in 0.1 M PBS and incu
bated with 1% H 2 O2 in methanol, to 
block endogenous peroxidase, fo r 30 
min at room temperature. A fter wash
ing in PBS for 15 min, sections were 
then treated with a 1:5 (20%) normal 
goat serum for 30 min at room temper
ature to block non-specific binding. A f
ter blocking, previously titrated and op
timal dilutions o f the various primary 
antibodies, diluted in PBS containing 
0.1% BSA, were added to sections and 
incubated for 2 h at room temperature. 
Sections were then washed with PBS for 
15 min and biotinylated goat anti
mouse at 1:300 dilution was added and

A

- *

B

Fig. 5. A long-standing (greater than 10 
years) case o f OSFi, showing atrophic epithe
lium and a superficial focal infiltrate o f 
lymphocytes. Most o f the lymphocytes are 
positive for (A) CD3 and (B) CD4. (X82)
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Fiy. 6. A case o f OSF o f shorter duration (less than 10 years), showing dense lymphocytic 
infiltrates most o f which are CD3- (A) and CD4 (B)-positive. Note the much heavier infiltrate 
o f lymphocytes in this lesion compared to Fig. 5. (X 82)
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Fiy. 7. A suhepilhelial focal infiltrate in OSF stained for CD8. Only occasional cells are 
positive. (X2()5)

incubated for 30 min at room ternper- 
ature. A fter a further wash in buffer for 
10 min, streptavidin-peroxidase com
plex was added to all sections and incu
bated for a further 30 min at room tem
perature. A fter a final wash in PBS for 
10 min, a solution o f DAB plus 0.03% 
H iO ] was added and sections were in
cubated until they became dark brown 
at room temperature (3-6 min). Sec
tions were then counterstained with 
Mayer’s hematoxylin, differentiated in 
acid alcohol (1% HCl in 70% alcohol), 
dehydrated and mounted with DPX 
mountant.

C ontro ls

For each specimen, serial sections were 
incubated either w ithout primary anti
body or by substitution o f the primary 
antiserum with non-immune mouse se
rum. Reactivity in the absence o f the se
cond conjugated antibody was also as
sessed to determine the specificity o f 
binding. A ll control sections were nega
tive. A further check on the specificity 
and reactivity o f the antibodies was 
done by staining normal tonsillar tissue 
following the same procedures as de
scribed above. In all sections the d istri
bution o f staining was as expected for 
lymphoid tissues.

M icroscopy

Stained sections were examined in a 
Zeiss microscope and the proportion o f 
positive staining cells was graded sub
jectively by two independent observers. 
When there was disagreement, a final 
judgment was obtained by consensus. 
Positive staining was defined as cells 
with a brownish rim o f staining at the 
cell surface for all antibodies except 
CD68, where granular brown staining 
was seen in the cytoplasm. Serial sec
tions o f each specimen were used so 
that the areas examined for each rea
gent were approximately the same. Re
presentative sections were photo
graphed with a Zeiss photomicroscope 
and Kodak technical pan film Estar- 
AH , 25 ASA.

Results
H isto logy

A ll OSF and normal buccal mucosa 
specimens were stained with hematoxy
lin and eosin and examined histologi
cally to confirm the diagnosis. The clin
ical profiles o f the two groups are
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Fig. 8. A focal infiltrate in OSF stained for CD45RA. Approximately 50% o f cells are positive. 
These may represent naive T-cells as well as macrophages. (X205)

the epithelium and connective tissue. 
The distribution o f CD4-positive cells 
was similar to CD3-cells. indicating 
that most lymphocytes at these sites 
were T helper/inducer cells (Fig. 2B). 
Antibodies directed to T  suppressor/cy
totoxic cells (CDS) showed occasional 
cells in the lamina propria and epitheli
al basal layers. B cells (CD20) and ma
crophages (CD68) were only occasion
ally seen in normal mucosa and were 
scattered in the connective tissue. Naive 
T  cells (CD45RA) were observed in all 
normal tissues focally concentrated 
around the connective tissue papillae 
with a similar distribution to CD3-posi- 
tive cells. Sections stained with the anti
body to H LA -D R  showed positive cells 
scattered both in the epithelium and in 
the lamina propria (Fig. 3). Epithelial 
cells did not show any positive reaction 
to this antibody and many intraepith
élial positive cells showed a dendritic 
morphology.

A
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/

Fig. 9. Only occasional scattered CD68-positive cells were seen in OSF. ( x82 )

shown in Table 2. A ll OSF specimens 
showed atrophic epithelium with loss o f 
rete-ridges and relatively less vascular 
hyalinized collagen extending down
wards from the basernent membrane. 
There was disruption o f the basal layer 
o f the epithelium by chronic inflamma
tory cells. The lamina propria con
tained a patchy distribution o f chronic 
inflatiimatory cells, concentrated focal
ly in some regions, but also distributed 
in a band along the subepithelial region 
(Fig. 1). Melanophages were seen in the 
superficial latnina propria in 50% o f 
OSF specimens. The connective tissue 
showed fibrosis with dense collagen 
bundles that were randomly orientated 
and sometimes extended into the un

derlying striated muscle. None o f the 
control specimens showed features o f 
OSF. However, since most were ob
tained during surgery for third molar 
extraction, there was occasional evi
dence o f epithelial hyperplasia and non
specific inflammation.

Im m uno h is tochem is try

Normal muco.sa
Sections stained with antibody directed 
against T  cells (CD3) and T helper/in
ducer cells (CD4) showed positive cells 
both in the epithelium and in the lami
na propria o f normal specimens (Fig. 
2). CD3-positive cells were scattered 
and often uniform ly distributed both in

O ral subm ucous fib ro sis

A ll OSF specimens showed a heavy in
filtration o f CD3-positive cells in the 
epithelium and the connective tissues 
(Fig. 4). Cells were quite evenly d istrib
uted in the lower half o f the epithelium 
but in the corium there were usually fo
cal infiltrates o f various sizes (Fig. 4, 
5A). The distribution o f CD4-positive 
cells was similar to that o f CD3 (Figs. 
5 and 6), although the number o f cells 
stained and the intensity o f staining was 
slightly less. Fourteen o f the OSF cases 
had a history o f less than 10 years and 
in eight o f these cases there were much 
denser infiltrates o f CD3- and CD4- 
positive cells (Fig. 6) than in cases with 
a longer duration (Figs. 4 and f).

CDS-positive cells were few in 
number and were seen in the epithelium 
o f OSF tissues and scattered wiihin the 
focal aggregates o f lymphocytes in the 
lamina propria (Fig. 7). Similarly, only 
occasional cells w ithin aggregates were 
CD45RA-positive (Fig. 8). Staining for 
CD20 and CD68 (Fig. 9) showed only 
occasional positive cells in some sec
tions.

A ll OSF specimens stained with the 
antibody to H LA -D R  and shoved high 
numbers o f positive cells in tfe basal 
layer o f the epithelium, juxtaepithelium 
and in the lamina propria in a similar 
distribution to CD3 cells (Fig. 10). In 
addition, many positive cells slowed a 
variable morphology with a prominent 
dendritic appearance o f cells in the epi
thelium (Fig. 11). The sites, dist'ibution
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Fiy. 10. OSF stained for H LA -D R : Most o f the infiltrating cells in the epithelium and connec
tive tissue are positive and in addition there are prominent dendritic cells in both the superficial 
lamina propria and throughout the epithelial prickle cell layer. (X82)

/
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Fig. I I .  H LA -D R  staining often demonstrated cells with a striking dendritic morphology 
w ithin the epithelium in OSF. Dendrites were frequently seen to extend vertically towards the 
epithelial surface. (X 130)

and morphology o f the positive staining 
cells suggested that they were activated 
T cells and Langerhans' cells.

Discussion

The aetiology o f OSF is complex and 
the pathological processes remain poor
ly understood. The histological appear
ances o f the cases in this study were 
similar to those reported previously 
with loss o f rete-ridges, relatively avas
cular hyalinized collagen and localized 
inflammatory infiltrates in the epitheli
um and superficial connective tissues (4,

10-14). However, these infiltrates have 
not been previously characterized and 
there is no generally accepted theory 
concerning the cell infiltration mecha
nism.

The results o f this study showed a 
high infiltra tion o f CD3-positive cells 
both in the epithelium and in the lami
na propria o f OSF compared with the 
normal buccal mucosa. We also found a 
similar pattern for CD4, which suggests 
that most o f the lymphocytes were o f 
the T-helper phenotype. There were very 
few CD8-positive cells in the OSF 
tissues, possibly less than 20% o f the 
CD3-positive cells. This high ratio o f

CD4 to CD8 suggests a possible imbal
ance o f immunoregulation in OSF 
tissues (15). The pattern o f H LA-D R - 
positive cells was similar to that o f 
CD4-positive cells, although in addition 
many dendritic cells were seen in the co
rium and epithelium. In many cases o f 
OSF long dendrites extending into the 
outer half o f the epithelium were direct
ed vertically towards the surface.

The intensity o f staining for CD4 
and H LA -D R  was stronger in the le
sional tissues, where most o f the 
lymphocytes were HLA-DR-positive. 
This pattern o f staining for CD4 and 
H LA -D R  suggests that most lympho
cytes were activated and also shows the 
presence o f Langerhans' cell in the OSF 
tissues. This was also supported by the 
finding that there were few CD45RA- 
positive cells. The striking increase in 
the number and characteristic morphol
ogy o f Langerhans' cells is similar to 
that reported previously following the 
application o f an antigen to the surface 
o f the epithelium (16). This suggests 
that in OSF there is a persistent anti
genic challenge within the epithelium.

There were only occasional scattered 
B lymphocytes in the mononuclear cell 
infiltrates in OSF specimens, and in 
some lesions they were not found. This 
is similar to the findings in oral cancers 
and precancers (8) and suggests that 
humoral immunity plays only a minor 
role in these diseases. Few macrophages 
(CD68-positive) were seen in the le
sional tissues, which is also similar to 
oral cancers and precancers (8), sug
gesting that these cells do not partici
pate in the local cellular responses in 
OSF. Other studies on macrophages in 
premalignant lesions and cancers (17, 
18) suggest that macrophage responses 
to inflammatory stimuli are reduced, es
pecially in the stroma o f the neoplasm, 
and perhaps cell interactions between 
macrophages and T lymphocytes may 
become defective or might not develop 
at all.

In addition, in this study a variation 
in CD3-, CD4- and HLA-DR-positive 
cells has also been observed. Eight out 
o f fourteen OSF cases o f less than ten 
year duration and with markedly re
stricted mouth opening (<30 mm) 
showed greater numbers o f CD3-, CD4- 
and HLA-DR-positive cells compared 
with the cases o f more than ten years 
duration and the remaining six cases 
with less restricted mouth opening (>30 
mm). In these cases the cells were evenly 
distributed in the epithelium and jux- 
taepithelial region and the H LA -D R -
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positive cells showed more prominent 
dendrites directed towards the surface 
o f the epithelium. These much denser 
infiltrates o f CD3-, CD4- and H LA- 
DR-positive cells and their characteris
tic morphology also suggest that in 
early stages o f OSF there is a persistent 
antigenic challenge within the epithe
lium.

Previous studies (19) on the distribu
tion o f lymphocyte subsets and Langer
hans’ cells in normal oral mucosa have 
shown that the epithelium contains 
about 40% o f the T-lymphocytes and 
that these are mostly present in the 
basal region. The ratio o f CD4 to CDS 
cells was about 1:2. These lymphocytes 
may act as a first line o f defence against 
infiltrating antigens. In buccal mucosa 
the distribution o f Langerhans’ cells 
had a similar pattern, but the density 
was less than that o f lymphocytes (19, 
20). Similarly, a study by R eib e l et a l 
(21) showed less CD4- and CDS-posi- 
tive cells and higher CD4 to CDS ratios 
in the epithelial and juxtaepithelial re
gions. In  inflammatory lesions the in
filtration o f lymphocytes, monocytes 
and macrophages, and alterations in 
cell populations, are modulated by 
chemoattractant cytokines (22, 23) and 
by cell surface adhesion molecules 
whose expression may also be regulated 
by cytokines ( 24, 25).

In this study, increased infiltration o f 
activated lymphocytes in the epithelium 
and subepithelium indicates an en
hanced local inflammatory response 
and suggests increased immunomodula
tory cytokine production. I t  is not clear 
which subsets o f CD4 cells (ThO, T h l- 
like, and Th2-like) are predominant in 
OSF and responsible for cytokine re
lease. Subsets o f lymphocytes may re
lease antiflbrotic cytokines, including 
IFN-y, but the lack o f H LA-D R  ex
pression on epithelial cells suggests that 
these cells may not be primarily in
volved in the lesion. Further work on 
CD4-positive subsets and cytokines is 
necessary.

In summary, the results o f this study 
show an increase in CD3-, CD4- and 
HLA-DR-positive cells in OSF com
pared with normal buccal mucosa. 
Their role in the lesions, and in particu
lar the identity o f the putative antigen.

is still unclear but the distribution of 
cells suggests an ongoing cellular im
mune response that may result in the 
production o f such local mediators as 
inflammatory proflbrotic cytokines.
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IMMUNOLOCALIZATION OF CYTOKINES AND 
GROWTH FACTORS IN ORAL SUBMUCOUS 

FIBROSIS
M.F. Haque,'-’ M. Harris,' S. Meghji,' A.W. Barrett-

Oral submucous fibrosis (OSF) is a chronic fibrotic disease of the oral cavity and oropharynx 
characterized by hbroelastic change in the mucosa which leads to progressive inability to open 
the mouth. The inflammatory cells in the lesional tissue consist mainly of T  lymphocytes, with 
a high CD4:CD8 ratio, and major histocompatibility complex (M H C ) class I I  expressing 
antigen-presenting cells. Cytokines and growth factors produced by inflammatory cells within 
the lesion may promote fibrosis by inducing proliferation of fibroblasts, upregulating collagen 
synthesis and downregulating collagenase production. The authors used a three-stage 
immunoperoxidase technique to investigate the expression of interleukin lot (IL-loe) and P, IL-6, 
interferon (IFN)-a, p and y, transforming growth factor p (TGF-P), platelet-derived growth 
factor (PDGF) and basic fibroblast growth factor (bFGF) in frozen sections of OSF and 
compared it with that in normal buccal mucosa. The expression of cytokines and growth factors 
in normal tissues was consistent with their known distribution and cell of origin, but the intensity 
and distribution in OSF were all, with the exception of IFN-a and y, upregulated with strong 
expression in both the epithelium and underlying connective tissue. IFN-a showed a similar 
pattern of staining in both normal mucosa and OSF. IFN-y showed little or no expression in 
most lesional tissues, suggesting an innate deficiency or downregulation of this cytokine. The 
general increase in pro-inflammatory cytokines and growth factors, and reduced production of 
IFN-y, may play an important role in the pathogenesis of OSF.

f 1998 Academic Press

O ra l submucous fibrosis (O SF) is an insid ious oral 
disease, the princ ipa l feature o f  which is progressive 
in a b ility  to open the m outh due to loss o f e lasticity and 
the development o f  vertical fibrous bands in the oral 
mucosa. H is to log ica lly , early OSF is associated w ith  a 
jux taep ithe lia l in flam m atory reaction which is fo llowed 
by progressive hya lin iza tion  o f  the lam ina p rop ria  and 
underly ing muscle.' In the later stages o f the cond ition , 
fibrosis may be so extensive that there is lim ita tio n  o f 
tongue p ro trus ion  and d ifficu lty  in eating, swallow ing 
and phona tion .-

The pathogenesis o f  OSF is still unclear, bu t a 
num ber o f  hypotheses have been postulated by P illa i et 
a l?  The h isto logical appearances o f OSF indicate an 
excessive deposition o f collagen in the lam ina p ropria  
w ith  or w ith o u t adequate breakdown, suggesting a loss 
o f the homeostatic mechanisms contro lling  collagen 
tu rnover and consequent fibrosis, functiona l im pa ir-
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ment and irreversible a lte ra tion  o f  tissue architecture.'* 
Over the last tw o  decades a num ber o f potent 
stim ulants and m ediators have been identified in the 
aetiology o f  fib ro tic  diseases. The areca a lka lo ids 
(arecoline and arecaidine from  the nut o f  the areca 
catechu) may be one o f the m ajor stim ulants in O S F ' * 
since they are know n to induce a range o f in flam m atory  
cytokines and grow th  factors in other fib ro tic  
le s io n s , a n d  m any OSF patients hab itua lly  chew 
areca nut. C ytokines are a group o f  usually short-range 
protein m ediators which have im p o rtan t roles in the 
development, function  and con tro l o f  cells o f  the 
immune and o ther systems. There is also now  good 
evidence that they have a m ajor role in the in teractions 
between the im m une system and o ther organs and 
many cytokines influence cytoskeletal structure, 
chemotaxis and the transcrip tion  o f  a w ide varie ty o f  
genes.^ The purpose o f  this study was to localize 
cytokines in norm al ora l mucosa and OSF to determ ine 
the ir possible role in this cond ition .

RESULTS

The diagnosis o f  OSF in all specimens collected 
from  buccal mucosa was confirm ed h is to log ica lly  by 
the presence o f  a troph ic  stratified squamous epithelium

C YTO KIN E . Vol. 0. No. 0 (Month). 1998: pp 000-000
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w ith  flattened rete ridges, hya lin iza tion  o f  the collagen 
o f  the lam ina p rop ria  and deeper connective tissues, 
and random ly orientated dense collagen bands 
extending in to  the underly ing stria ted muscle (F ig . I). 
C h ron ic  in flam m ation  was observed in a ll OSF 
specimens w ith  rou tine  stains and confirm ed w ith  the 
panel o f  antibod ies against lym phocytes and other 
in flam m ato ry  cells. S ta in ing w ith  an tibod ies to CD3 
and C D 4 dem onstrated T  lym phocytes in the lam ina 
p rop ria  and in the basal layers o f  the overly ing  
ep ithe lium . C D 68-positive  h istiocytes were sparse but 
also seen at these sites. Langerhans cells w ith  dendritic  
m orpho logy and expressing m a jo r h is to co m p a tib ility  
com plex (M H C ) class II were seen in  the suprabasai 
ep ithe lium  and lam ina p rop ria , and lym phocytes 
expressing H L A -D R  were seen both  in the ep ithe lium  
and lam ina p rop ria . F ibrob lasts were positive w ith  
5B5, and vascular and lym pha tic  endo the lium  was 
fac to r V ll l-p o s it iv e . The find ings were thus s im ila r to 
those prev iously reported.''

Cytokine localization
A n tib o d ie s  to  most cytokines produced d iffuse 

sta in ing o f  the extrace llu la r m atrix , how ever it was also 
possible to  discern a lte ra tions in ce llu la r d is tr ib u tio n  o f  
the cytokines analysed.

Interleukins
In terleukin  lot ( I L - l i )

N o rm a l buccal mucosa sFiowed positive  im m uno- 
reac tiv ity  to  IL-1% in the ep ithe lium , and w ith  fa in t 
positive s ta in ing  o f  fib rob lasts in the connective tissue. 
A lm os t a ll sections o f  OSF showed positive  sta in ing 
th ro u g h o u t the ep ithe lium , and sta in ing  o f  serial 
sections revealed occasional T  cells in the basal layer o f  
the ep ithe lium . F ib rob lasts and endo the lia l cells 
showed s trong positive sta in ing in the lesional 
connective tissues. The in tensity  and num ber o f 
positive im m unocom petent cells were greater in OSF 
than in no rm a l buccal mucosa.
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IL - lp  staining shows strong expression in basal keratinocytes o f the 
atrophic buccal mucosa. There is a superhciai infiltrate o f chronic 
inflammatory cells which are also positive. Note the loss o f rete pegs 
and relatively avascular collagen. Streptavidin-biotin peroxidase, 
original magnification x 25. reproduced at 80“ o.

In terleukin  I[i (IL -I ( i)

A ll sections showed positive s ta in ing  th roughou t 
the ep ithe lium  w ith  greater in tensity in  the basal layer 
o f  the ep ithe lium  in O SF compared w ith  no rm a l buccal 
mucosa (F ig . I). F ib rob lasts and monocytes stained 
pos itive ly  in bo th  norm a l ora l mucosa and OSF, but 
the num ber and sta in ing in tens ity  o f  positive 
m onocytes, no tab ly  dend ritic  Langerhans cells, were 
greater in O SF com pared to  the norm al mucosa 
(F ig . 2). E ndo the lia l cells were also positive  in both 
O SF and norm a l tissues but were again m ore s trong ly 
positive  in OSF.

In terleukin  6 ( lL -6 )

A ll sections showed im m uno reac tiv ity  to IL -6  in 
the ep ithe lium , bu t whereas the surface and basal layers 
showed a stronger reaction to th is a n tib o d y  in OSF, 
there was hom ogeneous fa in t s ta in ing  in norm al 
mucosa. P ositive ly stained fib rob lasts , lym phocytes 
and endothe lia l cells (F ig . 3) were observed in all cases 
but the num bers and sta in ing in tens ity  o f  these cells 
were again greater in OSF com pared w ith  norm al 
tissue.

Interferons
Interferon y. ( I FN- y )

In bo th  norm a l mucosa and O SF there was 
positive s ta in ing  o f  scattered fib rob las ts  and lym pho 
cytes in the connective tissue. There was no marked 
positive reaction in the ep ithe lium  in e ither group. 
Using serial sections stained fo r C D 3 . eight ou t o f  30 
OSF specimens showed m a in ly  I F N -T -pos itive  T  
lym phocytes associated w ith  the b lood  vessels. There 
was no m arked diflerence between the tw o groups.
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Figure 2. OSF.

lL-1 (3-positive Langerhans cells are prominent in some areas. 
S treptavidin-biotin peroxidase, original magnification x 100. repro
duced at 80%.

Im erferon ft (IF N -(i)

A ll sections from  both groups reacted to lFN-(3 
and showed weak positive sta in ing in the ep ithe lium . A  
small num ber o f  positive lym phocytes were observed in 
norm al buccal mucosa compared w ith  OSF. IFN-(3- 
positive fib rob las ts  were also seen in both  groups, but 
norm al mucosa contained a greater num ber than 
lesional tissue. E ndothe lia l cells were more s trong ly 
positive in O SF.

Interferon  •; ( I FN- y )

This showed a difTerent pattern  to o ther in te rfe r
ons w ith  lit t le  o r no staining in most cases o f  OSF 
(Fig. 4). In a few instances there was a fa in t positive 
reaction in the basal layer o f  the ep ithe lium  and a small 
nurriber o f  lym phocytes in the lam ina p rop ria  were 
observed. N o rm a l buccal mucosa showed a greater 
number o f  1 F N -y-pos itive  T  lym phocytes in the 
connective tissue and stronger ep ithe lia l stainintz 
(Fig. 5).

Fibrogenic cytokines
T ransform ing grow th fa c to r  /? (T G F -f))

TG F-(3-positive  m onocytes, fib rob las ts  and 
platelets th ro u g h o u t the lam ina p ro p r ia  were seen in a ll 
sections, bu t s ta in ing  was again m ore intense in OSF. 
F u rthe rm ore , there was strong positive  sta in ing  o f  the 
ep ithe lium  in OSF, whereas the no rm a l ep ithe lium  was 
negative (F ig . 5). E ndo the lium  showed positive 
reaction to  th is a n tib o d y  im the lesional connective 
tissues and T  lym phocytes associated w ith  endo
the lium .

P la te le t-d e r iv e d  grow th fa c to r  (P D G F )

In  bo th  norm a l mucosa and O SF there was 
positive  s ta in ing  o f  ep ithe lium , w ith  d e n d ritic  cells 
conspicuous (F ig . 6). In  the lam ina p ro p ria , endothe lia l 
cells, m onocytes, p latelets and fib rob lasts  were positive. 
N o rm a l ep ithe lium  was w eakly positive  com pared w ith  
O SF. The s ta in ing  in tens ity  and num bers o f  positive 
stained platelets and m onocytes in the lesional 
connective tissues were high and d is tr ib u te d  th ro u g h 
ou t the section (F ig . 6). V ascular endo the lium  in OSF

Figure 3. OSF.

Endothelial cells are I L-6-positive. Streptavidin biotin peroxidase, 
original magnification x 25. reproduced at 80%.
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Figure 4. OSF.

Staining with IFN -y  reveals only pale staining o f the epithelium, 
which contains many melanin granules. There are scattered 
melanophages and IFN-y-positive mononuclear cells in the lamina 
propria. Streptavidin-biotin peroxidase, original magnification x 63. 
reproduced at 80%.

were associated w ith  adjacent aggregates o f  P D G F - 
positive T  lym phocytes.

B asic fibroblast grow th fa c to r  (bF G F)

Expression o f  b F G F  in bo th  n o rm a l mucosa and 
O SF was observed in the ep ithe lium  and connective 
tissue. The ep ithe lium  in norm al tissue showed weak 
sta in ing which was m a in ly  confined to  the suprabasai 
layers, but the lesional tissue showed intense sta in ing 
fo r this an tibody th roughou t the ep ithe lium . The 
endothe lia l cells and fib rob lasts also reacted intenselv 
in OSF.

DISCUSSION

In this study we have used im m unoh is tochem ica l 
methods to dem onstrate the expression o f  in tlam m a- 
to rv  cytokines and g row th  factors in O SF. .M ihough 
most were upregulated in OSF. expression o f  IF N -y

was unchanged and IF N -y  was downregulated (F igs 4 
and 5). T o  date, there have been no reports on the 
tissue loca liza tion  o f  cytok ines and grow th factors in 
OSF. bu t several au thors  have observed these 
m ediators in o the r in fla m m a to ry  o r fib ro tic  diseases 
such as keloids and systemic sclerosis." " '"  O u r fin d in g  
o f  increased ce llu la r expression o f IL - la  and IL -6  
expression in O SF is in accordance w ith  previous w o rk  
on h ype rtroph ic  scars,"' id io p a th ic  m yelo fibrosis '- and 
in periphera l b lood  m ononuclear cells o f  ke lo id  
p a tie n ts ." Furthe rm ore , the d im in ished p roduction  o f 
IF N -y  in O SF (F ig . 4) indicates tha t the cy tok ine  
p ro file  o f  th is disease is s im ila r to that o f  systemic 
sclerosis.’ As in o ther examples o f  oral mucosal 
in flam m ation , the source o f  cy tok ine  synthesis is like ly  
to  be activated antigen presenting cells and lym p h o 
cytes (F igs 2 and 6) acting  via auto- and paracrine 
pathways. H ow ever, fib rob lasts and endothe lia l cells 
may also be responsible fo r  local cytokine secretion.

S ta in ing fo r the fib rogen ic  cytokines in th is study 
showed increased expression o f  grow th factors like 
P D G F , TGF-(3, b F G F  in O SF compared w ith  norm al

m

Figure 5. Normal buccal mucosa.

IFN -y staining is stronger in the epithelium and m.)nonuciear eels 
in the lamina propria. Streptavidin biotin perosidase. original 
magnilieation x 63. reproduced at 80“ o.
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Figure 6. OSF.

W ith antibody to PDGF. dendritic cells are again prominent in the 
epithelium. Positive lymphocytes are also present. Streptavidin- 
biotin pero.xidase. original magnification x 63. reproduced at 80%.

ora l mucosa, a find ing  consistent w ith  fib rob last 
in fiu x .'' Both  P D G F  and T G F -P  are norm a lly  released 
by degranu la ting  platelets at the in it ia tio n  o f  w ound 
repair,'^ bu t both  g row th  factors may also be 
synthesized by o ther in fla m m a to ry  cells,”  and we 
indeed observed large num bers o f  Langerhans cells, 
m onocytes, fib rob lasts, endothe lia l cells and T  lym p h o 
cytes in O SF pos itive ly  stained w ith  antibodies to  these 
g row th  factors (F igs 2 and 6). The positive sta in ing o f 
the s trom a w ith  P D G F  and T G F -P  observed du ring  
th is study is in accordance w ith  reports o f  b ind ing  o f 
the h igh ly ca tion ic  P D G F  to  com ponents o f the EC M  
such as glycosam inoglycans. Th is may p ro long  local 
a c liv iiv  o f  P D G F  at the site o f  f i b r o s i s . H o w e v e r ,

T G F -P  is au toreactive; b in d in g  at its ow n gene 
p ro m o te r increases its synthesis. T G F -P  is also 
chem otactic to  monocytes and macrophages w hich 
accum ulate and thus fu rth e r raise the levels o f  
fib rogen ic  cytokines.'"^ The data reported here provides 
evidence o f  co-operative  cy tok ine  generation between 
im m une cells, keratinocytes, fib rob lasts  and endothe lia l 
ce lls ,”  a view fu rth e r supported  by the synergistic 
action  o f  T G F -P  w ith  b F G F .'^  M os t ex trace llu la r F G F  
is sequestered by b ind ing  to  heparan sulfate, e ither on 
cell surfaces o r in the ex trace llu la r m a trix , in the 
presence o f  T G F -p .-"  The resu lting  com plex is resistant 
to  degradative enzymes. The expression o f  b F G F  in 
O S F shown in the present s tudy, w ith  intense sta in ing 
o f  bo th  its cell o f  o rig in  and target b ind ing  sites, fu rth e r 
correlates w ith  o u r present understanding o f  the 
excessive depos ition  o f  collagen consequent to  cy tok ine  
and g row th  fa c to r synergism.

In conclus ion  th is s tudy has shown a generalised 
up regu la tion  o f  in fla m m a to ry  and fib rogen ic cytokines 
in O SF, w ith  the exception o f  IF N -y . The suppression 
o f 1 F N -y  synthesis, possib ly by areca a lka lo ids , m ay be 
fundam enta l and a llow  the unchecked p ro d u c tio n  o f  
fib rous tissue, and thus the developm ent o f  the 
characteris tic  c lin ica l and h is to log ica l features o f  OSF.

MATERIALS AND METHODS

Tissues

With ethical approval 30 specimens from clinically 
diagnosed OSF patients were obtained by 4 mm punch 
biopsy under local anaesthesia from the affected area o f the 
cheek mucosa. A ll patients had a history o f OSF o f varying 
duration ranging from 6 to 30 years (median 15 years) with 
progressive lim itation o f mouth opening. 29 o f the 30 patients 
chewed betel nut with or w ithout betel leaf, tobacco, slaked 
lime and other flavouring agents like masalla and zarda. The 
mouth opening o f the patients ranged from I I  to 35 mm 
(median 21 mm). Specimens o f normal buccal mucosa were 
obtained from 10 otherwise healthy subjects during the 
surgical removal o f non-infected impacted third mandibular 
molars. The normal subjects did not have a history o f betel 
nut chewing and mouth opening was within the normal range 
o f 32-45 mm (median 40 mm) (Table I ).

Tissue preparation

Specimens obtained were snap frozen in liquid nitrogen 
and embedded m tissue embedding compound (Bright) and

TAB l.E  I. Clinical findings of controls and OSF patients

Subjects
.■Xue

median (range)

Sex 

VI F
Duration (y) 

median (range)
M outh opening (mm) 

median ( range)

OSF (.>()) 48 (16-68) 1 1 19 15 (6- 30) : i  (11 35)
Controls ( 10) .'5 ( 19 45) 4 6 Normal 40 (32 45)



6 / Haque et al. CYTO KINE. Vol. 0. No. 0 (Month. 1998; 000-4000)

then stored at -8 0  C. Serial sections o f 5 ^im thickness were 
cut on a Bright cryostat with the cabinet temperature 
maintained at — 25 C and mounted onto poly-L-lysine coated 
slides. Sections were then air dried at room temperature for 
2 h and then either stored at — 20 C or fixed in acetone for 
20 min for further preparation. From each block a section 
was stained with haematoxylin and eosin to confirm the 
diagnosis o f OSF.

Controls
Serial sections from each specimen were incubated in the 

absence o f primary or secondary antibody to determine the 
specificity o f binding. A further check on the specificity o f 
antibody binding was done by incubating the specific 
antibody overnight with an excess o f the cytokine at 4 C 
prior to use. In addition to these a negative control using 
non-immune serum was also performed.

Antibodies

Sheep polyclonal antisera to human IL - la , IL - ip  and a 
monospecific goat antisera to human lL-6 were kindly 
provided by D r Stephen Poole (National Institute o f 
Biological Standards and Control. Potters Bar, U K ).- '-  
Sheep polyclonal antisera against various types o f human 
interferons, namely anti-IFN-a (H51), anti-IFN-P (H60) and 
anti-IFN-y (H53) were provided by Dr Anthony Meager 
(National Institute o f Biological Standards and Control, 
Potters Bar).-^ Mouse monoclonal anti-human basic fibro
blast growth factor (bFGF) (MAB125) was purchased 
from Chemicon International Ltd, and rabbit anti-human 
PDGF (BDA2) and TGF-P (AB-IOO-NA) was purchased 
from R & D systems, Europe Ltd. In addition to these we 
used mouse anti-human monoclonal antibodies to; CD3 
(pan T cell), CD4 (T helper/inducer cell), CD68 (macro
phage), anti-HLA-DR a chain (TAL 1B5) (immunologically 
active cells), 5B5 (anti-prolyl 4-hydroxylase present in 
fibroblasts) and polyclonal mouse anti-human von 
Willebrand factor (Factor V III) (all Dako). Titration 
experiments were used to determine optimal concentration o f 
primary antibodies. The secondary antibodies used were 
biotinylated donkey anti-sheep (1/5000), biotinylated goat 
anti-mouse (1:300) or biotinylated swine anti-goat/mouse/ 
rabbit (1:300) (all Sigma). A ll antibodies were diluted in 
phosphate buffered saline (PBS) containing 0.1% bovine 
serum albumin.

Immunohistochemistry

After fixation in acetone, sections were briefly washed in 
phosphate-buffered saline (PBS) pH 7.6 for 10 min and then 
treated with 1 % hydrogen peroxide (H :0:) in methanol for 
30 min to block endogenous peroxidase. After two washes in 
PBS for 5 min each, sections were treated with 20% normal 
serum from the same species as that o f the conjugated 
secondary, was s antibodies for 30 min to block non-specific 
binding. Sections were then incubated in the primary 
antibody for 2 h. Sections were washed in PBS for 15 min and 
the appropriate secondary antibody was added and the 
sections incubated for a further 30 min. After washing in 
PBS for 15 min, a streptavidin-biotin peroxidase complex 
(Dako) was added and sections were incubated for 30 min. 
After a final wash for 10 min in PBS, a solution o f 
3,3-diaminobenzidine in 0.03% hydrogen peroxide was 
added to sections which were then incubated for 3-6 min. 
Sections were counterstained with Mayer's haematoxylin, 
washed in running tap water and differentiated in acid 
alcohol (1% HCl in 70% alcohol) for 30 s. dehydrated and 
mounted in DPX. All reactions were carried out at room 
temperature. Sections were analysed using a Zeiss microscope 
at a magnification o f x 25.

REFERENCES

I. Sirsat SM. Pindborg JJ (1967) Subepithelial changes in oral 
submucous fibrosis. Acta Path M icrobiol Scand 70:161-173.

'  1. Wahi PN (1966) Submucous fibrosis o f the oral cavity: 
histopathological studies. Br J Cancer 20:676-687.

3. Pillai R, Balaram P. Reddiar KS(1992) Pathogenesis o f oral 
submucous fibrosis. Cancer 69:2011-2020.

4. Kovacs EJ (1991) Fibrogenic cytokines: the role o f immune 
mediators in the development o f scar tissue. Immunol Todav 
12:17-23.

5. Pindborg JJ, Sirsat SM (1966) Oral submucous fibrosis. 
Oral Surg Oral Med Oral Path 22:764-799.

6. Canniff JP. Harvey W (1981) Aetiology o f oral submucous 
fibrosis: the stimulation o f collagen synthesis by extracts o f areca nut. 
Int J Oral Surg 10:163-167.

7. Kulozik M. Hogg A. Lanket-Butlgereit B. Krieg T (1990) 
Co-localization o f transforming growth factor p2 with al( l)  
procollagen mRNA in tissue sections o f patients with systemic 
sclerosis. J Clin Invest 86:917-922.

8. Connor Jr TB, Roberts AB. Sporn MB. Danielpour D et al. 
(1989) Correlation o f fibrosis and transforming growth factor-fl type 
2 levels in the eye. J Clin Invest 83:1661-1666.

9. Haque M F, Harris M , Speight PM. Meghji S (1996) An 
immunohistochemical study o f oral submucous fibrosis. J Oral 
Pathol Med 26:75-82.

10. Ghahary A. Shen YJ. Scott PC. Tred get EE (1995) 
Immunoiocalization o f TOF-fli in human hypertrophic scar and 
normal dermal tissues. Cytokine 7:184-190.

11. Rajendran R. Sugathan CK. Remani P. Ankathil R. 
Vijayakumar T (1986) Cell mediated and humoral immune responses 
in oral submucous fibrosis. Cancer 58:2628-2631.

12. Rameshwar P. Denny TN, Stein D. Gascon P (1994) 
Monocyte adhesion in patients with bone marrow fibrosis is required 
for the production o f fibrogenic cytokines. J Immunol 22:2819-2830.

13. McCauley RL, Chopra V. Li Y -Y . Herndon DN. Robson 
M C (1992) Altered cytokine production in black patients with 
keloids. J Clin Immunol 12:30()-309.

14. Loppnow H. Libby P (1989) Adult human vascular 
endothelial cells express the lL-6 gene differently in response to LPS 
or lL-1. Cell Immunol 122:493-503.

15. Deuel TF (1987) Polypeptide growth factors, role in normal 
and abnormal cell growth. Annu Rev Cell Biol 3:443-492.

16. Assoian RK. Fleurdelys BE. Stevenson HC. M illar PJ. 
Madies DK. Raines EW. Ross R. Sporn MB (1987) Expression and 
secretion o f type 3 transforming growth factor by activated human 
macrophages. Proc Natl Acad Sd USA 84:6020-6024.

17. Bowen-Pope DF. Malpass TW. Foster DM . Ross R (1984) 
Platelet-derived growth factor in vivo. Levels, activity and rate o f 
clearance. Blood 64:458-469.

18. Massague J (1990) The transforming growth factor P family. 
Annu Rev Cell Biol 6:597-641.

19. Folkman J. Klagsbrun M. Sasse J. Wadzinski M. Ingerer D. 
Vlodasky I (1988) A heparin-binding angiogenic factor-bFGF is 
stored within basement membrane. Am J Pathol 130:39.3—400.



Immunoiocalization o f cytokines and growth factors in oral submucous fibrosis 7

20. Saksela O. Moscatelli D. Sommer A. Rifkin DB (1988) 22. Rafferty B. Mower JA. Talltak YS. Poole S (1991)
Endothelial cell-derived heparan sulfate binds basic fibroblast growth Measurement o f cytokine production by the monocytic cell line,
factor and protects it from proteolytic degradation. J Cell Biol Mono Mac 6 using novel immunoradiometric assays for interleukin-
107.743-751. lb  and interleukin-6. J Immunol Methods 144:69-76.

21. Poole S. Gaines Das RE (1991) The international standards 23. Alan KF. Maura AE. Anthony M  (1987) Immunoreactive
for interleukin-la and interleukin-1 p. evaluation in an international a-interferon in insulin secreting b cells in type I diabetes mellitus.
collaborative study. J Immunol Methods 142:1-13. Lancet 1423-1427.



Publications related to this thesis_________________________  299

Meeting Report 
Oral submucous fibrosis: An expert symposium

26th September 1997

Section 3: Specific Topics in OSF

Altered HLA and cytokine profile in patients with oral submucous fibrosis. 
S Meghji, MF Haque, U Khitab, M Harris

Section 4: Specific Topics in OSF continued

Immunohistochemistry of oral submucous fibrosis: pre- and post-interferon 
gamma treatment.
MF Haque, 8 Meghji, M Harris

Treatment of oral submucous fibrosis. 
M Harris, MF Haque, 8 Meghji



Oral submucous fibrosis

277

5th International Congress on Oral Cancer 
Oral Submucous Fibrosis Experts Symposium 
26th September 1997

Programme

09.00 Registration and coffee

Section 1: Fibrotie Diseases
Chairman: Professor M alcolm Harris

09.30 The clinical condition/pathology o f Oral 
Submucous Fibrosis
Professor Newell Johnson
K in g’s College School o f M edicine and
Dentistry

09.50 Scleroderma
Professor Carol Black 
Royal Free Hospital

10.10 Genetics o f fibrotie diseases 
Dr Ken Welsh
Transplant Centre, Churchill Hospital, Oxford

10.30 Discussion 

10.45 Coffee

Section 2: Modulation of Fibrosis
Chairman: D r Sajeda Meghji

11.00 Regulation o f collagen synthesis in fibrosis 
Dr W il Harvey
Johnson and Johnson

11.20 Wound healing and fibrosis: Characterisation 
o f a novel growth factor and i t ’ s receptor 
Professor Geoff Laurent 
University College, London

11.40 Modulation o f the growth factor profile 
reduces cutaneous scarring 
Dr Mumta Shah
University H ospital o f  South Manchester

12.00 Discussion

12.30 Lunch

Section 3; Specific Topics in OSF
Chairman: Professor Newell Johnson

13.30 Epidemiology o f betel nut chewers 
Professor Raman Bedi
Eastman Dental Insitute

13.50 Aetiology o f OSF
Dr Saman Wamakulasuriya
K ing’s College School o f Medicine and
Dentistry

14.10 H LA and cytokine profile o f OSF 
Dr Sajeda Meghji 
Eastman Dental Institute

14.30 Discussion

15.00 Tea

Section 4: Specific Topics in OSF continued
Chairman: D r Saman Wamakulasuriya

15.30

15.50

16.10

16.30

17.00

Oncogenes and tumour suppressor genes in
OSF malignant transformation
Dr Mahvash Tavassoli
K ing’s College School o f Medicine and
Dentistry

Immunohistochemistry o f OSF 
Dr Mohamed F Raque 
Eastman D ental Institute

Treatment o f OSF 
Professor Malcolm Harris 
Eastman D ental Institute

Discussion

End o f Meeting



Abstracts

The clinical condition and pathology of oral submuc
ous fibrosis (OSF)
N W  Johnson, R Maher, C  Trivedy, S W am akulasuriya, 
RCS D ental Sciences/O ral and M axillofacial M edi
cine & Pathology/W H O Collaborating Centre fo r  O ral 
Cancer and Precancer, K in g ’s College School o f  M edi
cine and Dentistry, C aldecot Road, London SE5 9RW, 
UK

Oral submucous fibrosis (OSF) is characterised by atro
phy and fibrosis o f the mucous membranes o f the upper 
digestive tract. It  is an inaccurate term because the ana
tomical involvement certainly includes oro- and hypo- 
pharynx, and the upper 2/3 o f the oesophagus (Maher et 
al, 1991). The fibrosis includes the lamina propria itself 
and extends through submucosa to underlying muscle; 
hence it is not restricted to ‘oral’ , nor to ‘submucous’ . 
However, the term is firm ly embedded in the literature 
and attempts to change it would probably be counterpro
ductive.

In our studies in Karachi, Pakistan, we have seen 
cases as young as 5 years, ranging to 85 (mean 33 years). 
In this hospital series females predominate 2:1 amongst 
adults, though under 20 years o f age the ratio is 1:1. 
No doubt these ratios are distorted due to the greater 
willingness/availability o f women to attend.

The symptoms and subjective signs reported by 
patients are (Wamakulasuriya, 1987):

•  burning sensation, exacerbated by spicy or acidic 
foods;

•  pain— often referred to the temporal region;
•  increased (early) or decreased (later) salivation;
•  reduced mouth opening;
•  difficulties w ith mastication, phonation and/or deglu

tition and hearing loss;
• vésiculation or ulceration o f oral mucosa.

On visual and digital examination o f the mouth the 
fo llow ing signs are common and are not necessarily 
related to duration o f the condition or to overall severity:

•  ‘blanching’ o f mucosa;
•  ‘ leathery’ mucosa; thickened, firm  tissue w ith a 

wrinkled surface;
•  ‘bands’ w ithin mucosa; typically 2-A  mm wide. These 

run vertically in the cheeks and transversely 
(circumferential!y ) in the lips and soft palate;

•  ‘woody’ changes to mucosa or tongue. This is a com
bination o f leathery and bands, producing broad areas 
o f inelastic tissue with a wrinkled, atrophic surface.

Interestingly, different populations show different 
types o f involvement (Bhonsle et al, 1987): the lips, 
anterior cheeks, tongue and floor o f mouth in popu
lations who consume areca nut as part o f a quid, the 
juices o f which are expectorated (in the Ernakulum stud
ies, fo r example); the retromolar areas, soft palate, uvula, 
and pharynx in those who tend to consume areca alone 
and more frequently swallow the juices (in Pune and 
Karachi, for example).

We propose that one or more o f the above signs be 
regarded as sufficient to define the presence o f OSF, and 
this has recently been confirmed by an expert inter
national workshop (Zain et al, 1997). Epidemiological 
studies have suffered from the application o f different 
diagnostic criteria. Vesicles, erosions or petechiae are 
sometimes observed. Concurrent leukoplakia/ 
erythroplakia, and/or squamous cell carcinoma is present 
in a significant m inority (7% and 17% respectively in the 
Karachi cohort). Longitudinal studies in 66 cases over 
a period o f 17 years in Kerala have shown malignant 
transformation in five patients (7.6%; M urti et al, 1985) 
but it has to be remembered that this population charac
teristically chews areca nut in a quid with tobacco.

Histologically the essential features are o f epithelial 
atrophy, with metaplasia o f non-keratinised areas to 
para- or ortho-keratinisation in over 50% o f biopsies and 
with dysplasia in up to 80%. (In our series 49% m ild, 
19% moderate and 5% severe: the severity relates to the 
presence o f tobacco in quids and does not correlate w ith 
clinical severity o f OSF). Such dysplastic changes are 
consistent not only w ith epidemiological evidence o f a 
quite high malignant transformation rate but with evi
dence o f genomic damage to peripheral blood lympho
cytes in areca nut chewers (Adhvaryu et al, 1986; Dave 
et al, 1992) and raised expression o f silver binding 
nucleolar organiser region proteins (AgNOR’s) in oral 
kératinocytes in OSF, despite the epithelial atrophy 
(Rajendran and Nair, 1992). Thickening o f the basement 
membrane is common, tbere is marked reduction in vas
cularity o f the connective tissues in inverse proportion 
to increased density o f collagen, which appears hyal- 
inised. This extends into muscle and muscle fibres come 
to lie close to the basement membrane. There is ultra- 
structural evidence o f muscle degeneration (el Labban 
and Can iff, 1985). Electron microscopy has not shown 
consistent aberrations in collagen fibre size or period
icity (van-Wyck et al, 1990), but immunochemistry 
shows a reduction in procollagen Type 111 and Type V I 
collagen w ith a concomitant increase in Type 1 collagen. 
Furthermore, these changes appear to start in deeper 
connective tissues and not close to the basement mem
brane (Reichart et al, 1994). There is an increased pro
portion o f elastin. Evidence that changes in connective 
tissue matrices are due, at least in part, to phenotypic 
selection o f fibroblast subpopulations is emerging (de 
Waal et al, 1997). Such fibroblasts may proliferate faster 
and show increased activity o f lysyl oxidase— an 
enzyme important in the cross-linking o f collagen fibres 
(Ma et al, 1995). Copper released from areca nut may 
facilitate this process (Trivedy et al, 1997). Other studies 
show that the increased rate o f collagen production is 
regulated at the transcriptional level (Kuo et al, 1995). 
Most o f these changes are proportional to the ‘pack 
years’ o f areca nut/betel quid habituation. A  mixed 
inflammatory infiltrate, lymphocyte dominated, is 
present in over 80% o f our biopsies. Inflammation is 
inversely proportional to duration o f disease and inten
sity o f fibrosis. Its nature implies a cell-mediated (?auto) 
immune response and this is further implicated by the 
demonstration o f increased Langerhan’ s cells, a raised
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CD4:CD8 ratio amongst the lymphocytes and increased 
H LA  Class II expression (Haque et al, 1997). The sys
temic changes which accompany these local immune 
changes have been little  studied but one study suggests 
suppression o f cell-mediated immunity in peripheral 
blood, with raised IgA, D &E  (Rajendran et al, 1986). A  
similar range o f histological changes is seen in up to 
80% o f biopsies from the upper and middle thirds o f the 
eosophagus, the severity o f which correlates to that o f 
the oral changes.

Mouth opening, measured simply by interincisal dis
tance and tongue protrusion, measured simply with a 
ruler, are the best objective measures o f severity and can 
be used as intermediate and end points in epidemiolog
ical and intervention studies (Maher et al, 1996; Cox 
and Walker, 1997). There is a correlation between the 
number o f oral sites affected and the severity o f lim i
tation o f opening, with disease affecting the posterior 
part o f the mouth having a greater effect.

The majority of cases in South Asia are nutritionally 
deficient: approximately 60% of the Karachi cohort is 
anaemic (mostly iron deficient, as previously described 
by Rajendran et al, 1990), and these also have low levels 
o f Zinc, and Vitamins A &  E metabolites. Their diets 
are low in citrus fruits, raw yellow and red fruits and 
vegetables and leafy vegetables. It is not yet possible to 
establish the balance o f cause or effect in this regard, but 
daily supplementation with vitamin and mineral capsules 
produces significant improvement in symptoms and in 
mouth opening in the majority o f compliant patients 
(Maher et al, 1997).
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Scleroderma: an overview
CM Black, Royal Free Academic Unit o f  Rheumatology 
and Connective Tissue Disease, Royal Free H ospital 
School o f Medicine, London NW3 2PF, UK

Scleroderma is a generic term given to a group o f dis
eases linked by the characteristic development o f hard
ened sclerotic skin. Scleroderma is often used inter
changeably w ith the term systemic sclerosis (SSc), 
although the latter should only be applied to those sub
sets o f scleroderma which are likely to be accomanied 
by fibrosis o f the internal organs as well as the skin (i.e. 
systemic). A  working classification o f scleroderma-spec- 
trum disorders is given in Table 1. These conditions 
range between localised or generalised morphea and lin 
ear scleroderma, whose pathology is confined to the skin 
to the truly systemic disorders (Black and Stephens,
1993).

Raynaud’s phenomenon often precedes SSc. Ray
naud’ s phenomenon is characterised by peripheral 
vasospastic attacks precipitated by cold or emotional 
stress. Raynaud’s phenomenon is usually a benign con
dition, however, approximately 10% o f cases are asso
ciated w ith an underlying connective tissue disorder. A 
subgroup o f Raynaud’ s patients who are at particularly 
high risk o f later developing a defined connective tissue 
disease are those with positive disease specific autoanti
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Table 1 Classification of the scleroderma spectrum of disorders

Classification Description

Localised forms
Localised morphoea One or more circumscribed patches of sclerotic skin. Indurated inflammatory margin 

indicative of on-going circumferential enlargement.

Generalised morphoea Multiple areas of indurated sclerotic skin, often on trunk and limbs with similar clinical and 
histological features as above, but more extensive.

Linear scleroderma One or more elongated sclerotic areas of skin typically asymmetric and orientated along the 
affected limb. Commonest form of childhood onset scleroderma and associated with growth 
impairment of the involved extremity.

En coup de sabre Linear sclerotic lesion, usually childhood onset, involves skin and underlying tissues. Often 
lesions involve the scalp or face.

‘Pre-Scleroderma’ Raynaud’s plus abnormal nailfold capillary patterns plus disease specific antibodies

Systemic forms
Limited cutaneous systemic sclerosis Skin sclerosis restricted to extremities, face and neck. Prominant vascular features. Includes 

the CREST syndrome.

Diffuse cutaneous systemic sclerosis Extensive skin sclerosis and greater risk of significant renal, lung and cardiac complications 
than in the limited cutaneous subset.

Scleroderma sine scleroderma Typical visceral features of systemic sclerosis (especially gut and lung fibrosis) and 
Raynaud’s phenomenon. Skin sclerosis absent.

Environmentally induced scleroderma Generally diffuse distribution of skin sclerosis and relevant history of exposure to an 
environmental agent known to precipiate scleroderma.

Overlap syndromes Features of systemic sclerosis coexist with those of another autoimmune rheumatic disease 
such as SEE, rheumatoid arthritis, dermatomyositis, vasculitis or Sjogren’s syndrome.

bodies, or abnormal nailfold capillaroscopic findings and 
the term ‘autoimmune Raynaud’s’ is somtimes applied 
to these individuals. I f  differentiation into a defined con
nective tissue disease occurs in such patients, it is com
monly w ithin 3-5 years o f the first symptoms, although 
i t  may be longer.

Accurate epidemiological data are really only avail
able on the systemic form o f the disease which is 
uncommon w ith an incidence o f 18 per m illion  per year 
in the UK, and 20 per m illion per year in the USA. 
Systemic sclerosis is exceedingly rare in childhood, and 
the incidence increases steadily w ith age amongst adults. 
The female to male ratio is 3:1 but can rise to 15:1 dur
ing the childbearing years. Scleroderma is global in dis
tribution and there are no overall prominent racial d iffer
ences. Scleroderma usually occurs in a sporadic fashion 
and fam ilia l occurrence is unusual. However, reports o f 
scleroderma and related diseases in fam ily members and 
the increased incidence o f antinuclear antibodies in 
blood-relatives, particularly females, suggests a genetic 
susceptibility. Geographical and racial clusterings have 
been reported, and may reflect some common environ
mental factors or shared genetic and immunological 
mechanisms. Racial predisposition to SSc is like ly to be

multifactorial, involving genetic influences for several 
genetic loci, and probably also shared environmental 
factors. To date, genetic susceptibility to the disease and 
to fibrosing alveolitis which occurs w ithin the context 
o f SSc has been matched w ith the H L A  Class 11 and 
Class 111 genes (Silman et al, 1996).

The major clinical features o f scleroderma arrive 
through the pathological processes o f vascular damage, 
inflammation and fibrosis occurring w ith in  lesional 
tissues. The extent and distribution o f these changes var
ies between the different subsets w ith in the scleroderma 
spectrum and the pathological and clinical heterogeneity 
forms the basis o f the classification outlined in Table 1. 
It is important to note that vascular abnormalities are 
almost never seen in the localised disease. In contrast, 
detailed studies have suggested that endothelial cell 
in jury is one o f the earliest features o f systemic sclerosis. 
This in jury is both temporarily and spatially associated 
w ith activation o f perivascular fibroblasts and sub
sequent deposition o f increased amounts o f structurally 
normal extracellular matrix components. Inflammation 
is associated w ith early lesions leading to tissue oedema 
and leucocytic infiltration. Mononuclear cells predomi
nate, and monocytes/macrophages are amongst the earl
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iest cells w ithin lesional tissue followed later by lympho
cytes mainly carrying phenotypic markers o f activated 
T cells and including a significant proportion o f Ro' 
memory cells. The potential for interplay between these 
different cell types is great and likely to contribute to 
the complexity o f the pathogenic process in the patho
genesis o f scleroderma (Kahaleh and LeRoy, 1979; 
Denton and Black, 1996). The different scleroderma 
spectrum disorders have widely different prognosis and 
clinical features. The most important distinction is 
between the localised skin restricted form o f sclero
derma and the systemic forms o f the condition. W ithin 
the systemic forms, it is imperative for effective man
agement that the difference between the two subsets o f 
diffuse and limited disease are appreciated, and that 
organ-based disease is accounted for.

The impact of systemic slcerosis (SSc) makes it the 
most important o f the scleroderma spectrum disorders. 
The disorder has been usefully divided into subsets 
based on the extent o f the most obvious clinical fea
ture— skin sclerosis. A widely accepted classification 
divided cases into two categories— diffuse and limited 
cutaneous systemic sclerosis. A  much rarer group is 
comprised by those cases in whom skin sclerosis is 
absent (sine scleroderma). Most patients can be readily 
classified into one or other subsets, and this is o f con
siderable value in predicting clinical course and targets 
for therapy in individual patients. The close association 
o f other surrogate markers such as scleroderma specific 
antibodies with the subset and/or organ involvement, 
permit improved risk statification for patient monitoring 
and therapeutic decision. Identifying organ-based 
involvement and monitoring the internal organs by rel
evant investigations at appropriate intervals is critical, 
as a thorough clinical analysis permits therapy to be 
matched as closely as possible to the pathogenic process.

The management o f SSc is not easy. As with other 
chronic, incurable conditions, a multi-disciplinary 
approach to therapy is desirable. Systemic sclerosis is a 
disease which can threaten not only patient’s functional 
ability and physical appearance, but also their pro
fessional, social and emotional lives. Its management 
requires a team approach with input and advice from 
therapists, nurse educators, social workers, counsellors 
and community services. Simple measures such as a 
warm comfortable environment with additional heating 
aids, can make an enormous difference. Maintaining 
adequate lubrication o f the skin is d ifficu lt and patients 
should use lubricating cream. Telangiectasia can be a 
cosmetic problem. These lesions can be covered w ith a 
special make-up or i f  particularly large, treated with 
laser therapy. Early and continuous physical therapy is 
important in lim iting contractures and the constant 
encouragement o f the therapist and physician is also 
critical i f  function is not to be lost. O f paramount impor
tance to the long-term management o f systemic sclerosis 
is fam ily support and education which is often a much 
neglected area.

The diverse clinical features o f the two major subsets 
o f SSc mean that accurate subsetting is a pre-requisite 
to effective therapy. W ithin each subset it is also

important to try to stage the disease and determine the 
rate o f clinical progression (or activity) by serial testing 
o f each individual organ. The complex and poorly 
understood pathogenesis o f systemic sclerosis makes 
specific targeted therapy impossible at present, although 
this is the ultimate goal. In general, treatment o f both 
diffuse and limited cutaneous subsets is directed towards 
suppressing the underlying disease process, and pre
venting or alleviating specific visceral complications. 
Thus, for lim ited cutaneous scleroderma, the general 
treatment is primarily vascular, whereas for diffuse sys
temic sclerosis, treatment is in itia lly  often immunomod
ulatory and later anti fibrotie with vascular directed ther
apy being dictated by the severity o f any co-existing 
Raynaud’s phenomenon or hypertensive renal crisis.

Oral vasodilators may be used to treat Raynaud’ s but 
response is idosyncratic. It is often necessary to try sev
eral agents in rotation before selecting the most success
fu l for any particular individual. Side effects may also 
be a problem, particularly drug-induced hypotension. 
Parenteral vasodilators are useful in severe Raynaud’s 
or to help digital ulcer healing. Agents used are the syn
thetic prostacyclin analogues Iloprost and Prostaglandin- 
E 2 . Surgical measures which can be effective include 
lumbar sympathectomy for lower limb Raynaud’s and 
radial microarteriolysis (digital sympathectomy) for 
refractory ischaemia or ulceration. There are many vas
cular therapies currently being evaluated experimentally 
or in formal clinical trials which may have future useful
ness including calcitonin gene-related peptide, antioxi
dant therapy or oral iloprost (Clements and Furst, 1996).

The presumed importance o f aberrant immune events 
in the early pathogenesis o f scleroderma has led to the 
use o f a number o f immunomodulatory approaches to 
the treatment for systemic sclerosis. Although there is 
considerable anecdotal evidence for their efficacy, for
mal controlled trials have been less convincing. Several 
studies are still in progress, and the various immunomo
dulatory regimes w ill be discussed. The fibrotie nature 
o f the pathology o f systemic sclerosis has led to the use 
o f a wide range of potentially antifibrotic drugs in this 
condition. These include D-penicillamine and the inter
ferons V  and a. As yet, no drug has been shown to halt 
or reverse the fibrotie process in this condition, and a 
good antifibrotic drug is sorely needed in the treatment 
o f SSc. For those individuals who develop signficant vis
ceral disease, the most important treatments are those 
directed towards the relevant systems. Amongst the most 
lethal complications, there have been major improve
ments, for example in the management o f scleroderma 
renal disease, and some significant advances in the ther
apy o f interstitial lung fibrosis. Gut disease, cardiac dis
ease, and pulmonary vascular disease have been more 
recalcitrant, but some new agents such as proton pump 
inhibitors have had a considerable impact on morbidity 
in the gut, i f  not mortality.

The large amount o f current laboratory and clinical 
research should strengthen our understanding, and it is 
hoped that real advances in treatment w ill occur in the 
not too distant future. We know it is a heterogeneous 
condition comprising several well-defined subsets, and
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recent advances have led to improvement in classi
fication, monitoring and treatment o f organ-based path
ology. Although our understanding o f the aetiopathogen- 
esis o f SSc is incomplete, it should not now be regarded 
as an unmanageable condition.
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Regulation of collagen synthesis in fibrosis
W Harvey, D irector, Wound Care Research, Johnson & 
Johnson M edical Ltd, Airehank Mill, Gargrave, York
shire B D23 3RX, UK

Fibrosis is characterised by the accumulation o f excess
ive extracellular matrix in a tissue— predominantly type 
I collagen, with variable amounts o f type III, IV , V, col- 
lagens, proteoglycans and other proteins such as hb- 
ronectin and laminin. The aceumulation is a result o f an 
imbalance favouring synthesis over degradation o f all 
these components, prompted by an insult to the tissue, 
and mediated by a complex sequence o f mechanisms.

These mechanisms act on target points in tissue 
homeostasis which can be grouped conveniently into; (a) 
the recruitment, maturation and proliferation o f the cells 
producing the matrix (usually, but not always, 
fibroblasts), (b) the rate o f matrix synthesis, (c) stability 
o f the matrix, and (d) degradation o f the matrix.

A  dominant factor in the alteration o f most o f these 
rates is inflammation— usually chronic inflammation. 
Monocyte-macrophages are now known to be capable o f 
mediating matrix synthesis by messenger molecules— in 
particular chemokines and growth factors/cytokines, and 
by synthesising or activating degradative enzymes— pro- 
teinases and glycosidases.

Growth factors and cytokines are now regarded as the 
key mediators o f most aspects o f cell growth, differen
tiation and function (see Goldring and Goldring, 1991, 
for a comprehensive review). O f the growth factors, 
transforming growth factor beta (TGFb), exerts many 
effects on fibroblast activity— notably the stimulation o f 
matrix synthesis and the inhibition o f matrix metallopro- 
teinase synthesis (see Bienkowski and Gotkin, 1995, for 
review). TGBb was orig inally isolated from human 
platelets— undoutedly a rich source in areas o f tissue 
damage— but is also synthesised at the site o f damage 
by infiltrating lymphocytes, macrophages and fibroblasts 
themselves. These effects have implicated it as a key 
pro-fibrotic factor; however, no growth factor or cyto

kine acts in isolation, and there is undoubtedly a com
plex and delicate array o f interactions between these 
messenger molecules and their target cells. Other growth 
factors which have been strongly implicated in fibropro- 
liferative disorders are platelet-derived growth factor 
(PDGF), basic fibroblast growth factor (bFGF) and insu
lin -like  growth factor (IGF-1) all o f which increase 
fibroblast recruitment, proliferation and matrix synthesis.

Recruitment and differentiation o f fibroblasts from the 
mesenchymal stem cell compartment, through progeni
tor cells to the active functioning fibrocytes and eventu
ally to programmed cell death (apoptosis) are events 
influenced by external mediators. There may be direct 
tissue damage, for example by irradiation or chemical 
insult, chemotaxis by matrix degradation products such 
as collagen and proteoglycan fragments, and by cyto
kines and growth factors. The importance o f fibroblast 
differentiation in fibrosis is well reviewed by Rodeman 
and Bamberg, 1995.

In OSF, there are additional exogenous factors which 
probably contribute to the fibrotie process in addition to 
these endogenous inflammatory mediators: components 
o f the areca nut may directly stimulate fibroblast activity 
(Harvey et al, 1986) and modulate matrix degradation 
by cross-linking and stabilising proteins (Scutt et al, 
1987). The relative contributions o f these endogenous 
and exogenous factors are not known, but recent 
advances in messenger and receptor biology should 
allow us to gain more insight into the molecular and 
cellular pathology o f OSF.
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Wound healing and fibrosis: characterisation of a 
novel growth factor and it’s receptor
GJ Laurent, Rayne Institute, UCLMS, 5 University 
Street, London WCI E 6JJ, UK

Fibroblasts play key roles in wound repair and the patho
genesis o f diseases characterised by excessive collagen 
deposition. They organise and respond to their extra
cellular mileu and produce cytokines which exert 
autocrine and paracrine effects. They respond to a var
iety o f stimuli including feedback from procollagen 
breakdown products; mechanical forces and polypeptide 
mediators. There are over two polypeptide mediators 
which regulate procollagen turnover; the TGFjS fam ily 
o f homodimeric peptides are all potent promoters o f pro
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collagen production via partially described signalling 
systems involving G protein-linked pathways leading to 
PGE2 release, and M AP kinase dependent events. We 
have recently shown that elements o f the coagulation 
cascade promote collagen production and propose that 
these agents are part o f a prim itive system o f haemo
stasis and tissue repair. One such agent is thombin which 
promotes procollagen production and gene expression 
via a recently characterised proteolytic activated recep
tor (PARI). Break-down products o f the fibrinogen Bj3 
chain also induce fibroblast proliferation and do so via 
a novel receptor system involving a cell-surface form o f 
the calcium binding protein, calreticulin.

The existence o f multiple mediators that are reg
ulating collagen deposition raises important questions 
and challenges for the future. For example, which are 
the key regulatory molecules in vivo and in which 
physiological and pathological settings are they playing 
roles? We also need to ascertain whether or not the d if
ferent mediators act via common signalling pathways 
which may be appropriate targets to promote or inhibit 
collagen deposition? Answers to these questions are 
being sought using disparate technologies. For example, 
techniques o f molecular genetics are being applied to 
the above diseases and should be instructive in the 
identification o f key mediators in disease. The use o f 
genetically manipulated animals (gene knock-outs and 
gene over-expressors) w ill also be useful in defining the 
importance o f particular mediators both in normal devel
opmental growth and in diseases.
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Modulation of the growth factor profile reduces 
cutaneous scarring
M  Shah, University H ospital o f  South Manchester, Booth 
H all Children’s H ospital and School o f  Biological 
Sciences, University o f Manchester, UK

The skin has a remarkable propensity for repair fo llow 
ing trauma. However, in post-natal life, this repair pro
cess terminates in scarring which differs from normal 
skin in both architecture and function. Scarring inter
feres with growth, impairs function and causes immense 
psychological and aesthetic problems.

Unlike cutaneous wounds in post-natal life, trauma to 
the skin in early fetal life results in scar-free healing 
(Whitby and Ferguson, 1991a,b). Growth factors have 
been identified as key players in the process o f wound 
healing. O f the numerous growth factors, transforming 
growth factor-jS (TGF-jS) appears to play a central role. 
However, aberrant expression o f TGF-j3 can be detri
mental and indeed has been implicated in several fibrotie 
disorders such as glomerulonephritis and liver cirrhosis. 
Exogenous addition o f TGF-j8 to fetal wounds induces 
scarring.

We investigated the role o f TGF-/3 in cutaneous scar
ring in post-natal life. The TGF-j8 profile o f full-thick- 
ness incisional wounds on adult rats was manipulated by 
exogenous addition o f neutralising antibody to TGF-/3.

Exogenous addition o f neutralising antibody to TGF- 
jS resulted in a decreased inflammatory response and less 
extracellular matrix deposition at day 7 post-wounding. 
Despite this lower collagen content, these wounds were 
functionally no different than the control wounds as 
assayed by tensile strength measurements. The most 
interesting observation was the difference in the orien
tation of the collagen fibers in the neodermis. W hilst the 
control, sham control and TGF-jS, treated wounds healed 
w ith obvious scar tissue and abnormally oriented col
lagen, the collagen in wounds treated with the neutralis
ing antibody to TGF-jS was deposited in a reticular 
fashion resembling that o f normal dermis, i.e. without 
scar formation. This difference in scarring was also 
seen macroscopically.

The isoform specificity o f TGF-jS in cutaneous scar
ring was investigated using a similar experimental 
model. These experiments demonstrated that both neu
tralising antibody to TGF-jS, and neutralising antibody 
to TGF-jS2 together were essential for optimum alter
ation in the dermal architecture and reduction of 
cutaneous scarring. Interestingly, this study also showed 
for the first time, that exogenous addition o f TGF-jS3 to 
incisional wounds reduced the magnitude o f monocyte 
and macrophage infiltration into healing wounds, fib- 
ronectin and collagen deposition and markedly reduced 
cutaneous scarring.

This study has shown that both TGF-jS,, and TGF- 
P2 are involved in the process o f scar formation after 
cutaneous injury. By contrast, exogenous addition of 
TGF-jS; or neutralising antibodies to TGF-jS ,+ 2  improve 
the dermal architecture and reduce cutaneous scarring 
both macroscopically and microscopically. The ben
eficial effects o f endogenous TGF-jS; appear to be
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masked by the overdrive response o f TGF-/3i. By under
standing the basic molecular and cellular mechanisms o f 
scar formation, novel therapeutic approaches for 
controlling/preventing cutaneous scarring in patients can 
now be developed.
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Betel-quid— worldwide use
R Bedi, National Centre fo r  Transcultural O ral Health, 
Eastman D ental Institute fo r  O ral Health Care Sciences, 
U niversity o f  London, 256 G ra y’s Inn Road, London 
w a x  8LD, UK

There is no consensus on the clinical criteria used in 
epidemiological studies on the diagnosis o f oral submuc
ous fibrosis (OSF). It is prim arily for this reason that the 
levels o f oral submucous fibrosis on the Indian subconti
nent vary, w ith a reported prevalence ranging from 0.1- 
11% (Bhonsle et al, 1987; Rajendran, 1994; M urti et al, 
1995). In a population-based study undertaken in India, 
M urti et al (1995) reported that the incidence o f submuc
ous fibrosis in women was almost twice as high as in 
men. In an innovative study, one examiner looking at 
submucous fibrosis among Bangladeshi patients 
attending a secondary dental referral centre in London 
and Dhaka, found levels o f 0.7% and 11%, respectively 
(Haque et al, 1997).

A  number o f contributing factors to the development 
o f OSF have been reported (Pillai et al, 1992); however, 
it is generally accepted that the main aetiological factor 
is related to the consumption o f areca nut (Johnson, 
1993; Maher et al, 1994). This is commonly, although 
not exclusively, taken as part o f a betel-quid (Rajendran, 
1994). It has been estimated that over 200 m illion indi
viduals consume the betel-quid in one form or another 
worldwide and, again, it appears that women chew betel- 
quid more commonly than men (Bedi, 1996). The wide 
variations in the incidence o f OSF can also, in part, be 
explained by the different levels and methods o f con
sumption worldwide (Bhonsle e t al, 1987; Rajendran,
1994). Recent reports from India highlight the rise in 
the number o f patients presenting w ith OSF, as a result 
o f the increased availability o f pan masala  and gutkha 
(perfumed, sweetened mixtures o f tobacco and areca-nut 
powder) (Babu et al, 1996).

A  number o f recent studies have reported on the levels 
o f betel-quid use in south-east Asian countries (Ko et al, 
1995; Reichart, 1995; Chen and Shaw, 1996; Reichart et 
al, 1996; Yang et al, 1996; Asma, 1997). However, 
despite the large number o f publications on this subject 
over the past three decades, our understanding on betel- 
quid use can be summarised in four key, but all too often 
repeated observations: (1) betel-quid consumption is 
widespread in the continent o f Asia, (2) females con

sume the quid more frequently than males, (3) tobacco 
is often added to the quid, and (4) there are marked 
regional variations in both its preparation and levels o f 
consumption (Bedi, 1996).

Post-war migration has led to major demographic 
changes among European populations. In particular, 
there has been a high level o f migration from south-east 
Asia to the U K  over the past 30 years. Health service 
researchers have had to consider the effects that 
migrations have on health and health-related knowledge, 
attitude and behaviour.

The aim o f this presentation is to highlight changes 
in the levels o f betel-quid consumption among popu
lations that have migrated from South Asia to the U K, 
and particularly among the Bangladeshi community, 
which is the youngest and fastest growing o f all m inority 
ethnic populations in the UK. Differences in the levels 
o f use o f betel-quid between first and second generation 
Bangladeshis may be helpful in developing appropriate 
oral health strategies that may be effective in changing 
this behaviour.

The Bangladeshi community in the United 
Kingdom
The 1991 national census revealed a resident Banglade
shi population o f 162 835. This represents a growth o f 
two and a ha lf times its estimated 1981 population. The 
Bangladeshi population differs from the rest o f the m in
ority ethnic groups in the UK, and especially from other 
groups from the Indian sub-continent. This relates parti
cularly to the rapid and continuing increase in numbers, 
the high proportion o f young people, the large family 
size, the concentration o f residents w ithin London, the 
high degree o f segregation, their low socio-economic 
status and their dependence on local authority housing. 
By any social or economic indicator, the Bangladeshi 
community form one o f the most disadvantaged groups 
in British society.

Studies on the use o f betel-quid in the U K have pre
dominantly concentrated on the Bangladeshi com
munity. Two local cross-sectional studies have been car
ried out, one in Birmingham and the other in the north 
o f England (Summers et al, 1994; Bedi and Gilthorpe,
1995). Both studies found sim ilar consumption levels o f 
betel-quid and betel-quid w ith tobacco. The latter study, 
funded by the Department o f Health, found that 92% of 
males and 96% o f females chewed betel-quid on a daily 
basis, w ith 39% and 92%, respectively, including, tob
acco in the quid (Bedi and Gilthorpe, 1995). There was 
a general acceptance o f tobacco use, w ith males on the 
whole smoking it  and females chewing it. The percep
tion o f health risk from tobacco chewing was low, 
among the whole study population. These findings were 
in agreement w ith the conclusions o f a national ‘expert’ 
conference, which met in Birm ingham in 1995 to con
sider the use of, and health risks associated w ith betel- 
quid among the U K ’ s m inority ethnic communities 
(Bedi and Jones, 1995).

Since these earlier studies, two national ethnic min
ority health surveys have been carried out; the HEA 
Black and M inority  Ethnic Groups in England Lifestyles
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survey and the fourth national PSI survey— Health o f 
B rita in ’ s ethnic minorities (Rudat, 1995; Modood et al, 
1997). Both these studies found that the Bangladeshi 
community was the minority ethnic group most likely 
to use betel-quid, although the PSI survey showed, for 
the first time, high levels o f betel-quid use among the 
African-Asian community.

There is insufficient evidence to answer this question: 
‘Do the second generation Bangladeshis continue to con
sume high levels o f betel-quid?’ However, it appears 
that the level o f betel-quid use is lower in second gener
ation Bangladeshis than among their parents. This may, 
in part, be explained by the higher levels o f smoking 
among young Bangaldeshis. Migration studies in the U K  
have shown that health-related behaviours change 
quickly and clear inter-generational differences are 
apparent within a few years o f settlement (Dhawan, 
1995; Martineau et al, 1997). Further research is needed, 
but this variation between first and second generation 
Bangladeshis may provide an insight into what strategies 
w ill be most effective in changing attitudes to betel-quid 
chewing and thus reduce the levels o f submucous 
fibrosis observed in the UK.

Summary and conclusions
There has been no consensus on the clinical criteria used 
in epidemiological studies for the diagnosis o f oral sub
mucous fibrosis (OSF). It is primarily for this reason that 
the reported levels of OSF on the Indian subcontinent 
vary, with a reported prevalence ranging from 0.1-11%. 
There are a number o f contributing factors to the devel
opment o f OSF, but it is generally accepted that the main 
aetiological factor is the consumption o f areca nut. This 
is commonly, although not exclusively, used as an 
ingredient in a betel-quid.

Betel-quid chewing has a long history among a num
ber of Asian communities. It has been incorporated into 
many o f the religious and cultural rituals o f ethnic 
groups on the Indian subcontinent and, as such, has 
gained a degree o f social acceptance. It is estimated that 
there are 200 m illion people worldwide who practice the 
habit. In general, females consume the quid more fre
quently than males, tobacco is often added to the quid 
and there are marked regional variations in both its prep
aration and levels o f consumption.

The Bangladeshi community is the youngest and fast
est growing o f all the minority ethnic populations in the 
UK. Evidence is beginning to emerge that w ithin a short 
period o f time (possibly one decade) social norms with 
regard to betel-quid use have dramatically changed 
between first and second generation Bangladeshis. 
Although not conclusive, there is evidence that although 
first generation immigrants consume high levels o f betel- 
quid, the UK-born, second generation are using less 
betel-quid and chewing tobacco. However, the number 
o f smokers in this young generation is higher. D iffe r
ences in the use of betel-quid between first and second 
generation Bangladeshis may help in the development 
o f appropriate oral health strategies that w ill be effective 
in changing the behaviour with regard to betel-quid.

thereby affecting the levels o f submucous fibrosis
observed in the UK.
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Aetiology o f oral submucous fibrosis
KASS W amakulasuriya, C  Trivedy, R M aher and N W  
Johnson, The Royal College o f  Surgeons D epartm ent o f  
D ental Sciences/D epartm ent o f  O ral M edicine & P ath
ology, WHO Collaborating Centre fo r  O ral Cancer and  
Precancer, K in g ’s College School o f  M edicine & D entis
try, London, UK

Oral submucous fibrosis (OSF) has been reported largely 
among subjects liv ing in the Indian subcontinent, neigh
bouring Asian countries or among Asian migrants liv ing 
in South A frica and in the United Kingdom. This clear 
geographical distribution o f the disease allows us to 
speculate either an ecological association or an heredi
tary basis to this chronic disorder resulting in fibrosis 
and scarring. Burning sensation o f the lin ing mucosa o f 
the oral cavity is a common finding among afflicted sub
jects and this led to the early workers implicating 
ch illi— a part o f Indian diet— in the causation o f OSF. 
An early experimental model (Sirsat and Khanolkar, 
1960) painting capsaicin ch illi extract on the palatal 
mucosa o f W istar rats yielded alterations in collagen 
comparable to human OSF, but subsequent experimental 
work (Hamner et al, 1974) failed to confirm these find
ings. Three case-control studies (Wahi et al, 1996; See
dat and van W yk, 1988a; Shiau and Kwan, 1979) exam
ining the role o f ch illi did not show any associations. 
There are no reported cases o f OSF from Mexico or 
parts o f south America where ch illi consumption is high. 
Interestingly, however, a recent report from Xiangtan 
city, China (Tang et al, 1997) refers to extensive and 
heavy use o f hot pepper among Xiangton people as a 
contributory factor to OSF.

Epidemiological data largely from India, Pakistan and 
South African Indians strongly implicates areca nut as 
the major aetiologial factor fo r OSF (M urti et al, 1995). 
Many observational studies have recorded a higher fre
quency o f the areca chewing habit among OSF subjects 
(close to 100%) compared to that in the general popu
lation (Shear et al, 1967; Dockrat and Shear, 1969; See
dat and van W yk, 1988a; Tang et al, 1997). Two case- 
control studies conducted in Karachi, Pakistan and Guja
rat, India (Maher et al, 1994; Sinor et al, 1990) have

shown a strong association o f OSF w ith areca chewing 
habit. In these populations relative risk for areca use 
among OSF cases were 154 and 110 respectively. Both 
studies demonstrated an increase in relative risk w ith 
increase in frequency o f the habit suggesting a dose- 
response relationship. More importantly in a 10-year fo l
low-up study conducted in Kerala, India, a decrease in 
the incidence o f OSF was recorded among an in ter
ventional group compared to a control population (M urti 
et al, 1990).

The mechanisms by which areca nut may exert 
fibrosis o f the oral mucosa have been examined. In vitro  
experiments using nut alkaloids in fibroblast cultures 
have shown arecoline and its hydrolysed product, arecai- 
dine, to dose-dependently stimulate human buccal 
mucosal fibroblasts to proliferate and synthesize co l
lagen (Harvey et al, 1986). Furthermore flavonoids can 
cross-link collagen rendering it resistant to degradation 
by mammalian fibroblast collagenase (Scutt e t al, 1987). 
Short term in vitro  fibroblasts from OSF cases, however, 
have failed to show any significantly increased pro lifer
ation when challenged w ith aercoline (Meghji e t al, 
1987; van W yk et al, 1995) and furthermore areca nut 
extract has been shown to be toxic to cultured fibroblasts 
(van W yk et al, 1994b). Recently i t  has been shown that 
areca nut and commercially prepared areca products 
have high levels o f copper compared to other commonly 
available snacks and that significant levels o f soluble 
copper can be demonstrated in mouth fluids during areca 
chewing (Trivedy et al, 1997a). A  copper dependent 
enzyme lysyl oxidase is involved in the deposition and 
cross-linking o f collagen. Increased lysyl oxidase 
activity reported in fibroblasts cultured from OSF (Ma et 
al, 1995) and high levels o f copper seen in OSF tissues 
(Trivedy et al, 1997b) may suggest a copper mediated 
pathway in this fibrotie disease.

No animal models o f OSF have been described and 
many in vivo experiments involving the application o f 
arecoline or betel/areca extracts have so far failed to 
show experimental evidence o f tissue changes similar to 
those seen in human OSF (Wamakulasuriya, 1995).

OSF has rarely been described in non-areca chewing 
subjects (Seedat and Van W yk, 1988b) and severe forms 
o f OSF can be associated w ith  a very short history o f 
chewing (Wamakulasuriya, 1987, 1992) suggesting two 
forms o f the disease. This inconsistency in disease 
association can be indicative o f genetic predisposition. 
So far four studies have examined frequencies o f H LA  
antigens in OSF subjects compared to race/age/gender 
matched controls. Results derived have been at variance. 
Possible explanations fo r these differences are small 
sample sizes examined and racial differences among the 
populations studied. Among Indian immigrants liv ing in 
the U K  those w ith  OSF have increased frequencies o f 
DR3, A 10 and B7 (Canniff et al, 1986) and A24, D R B l, 
DRB3 0202/3 (Saeed et al, 1997) and our Karachi popu
lation was reported to have higher frequencies o f CW2 
and D R l (Maher, 1997). Asian-Africans have not been 
shown to have a HLA-associated susceptibility in OSF 
(van W yk et al, 1994).

Systemic factors that may contribute to the develop-
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ment o f OSF need further consideration. OSF has been 
described as the Indian version o f sideropenic dysphagia 
(Ramanathan, 1961). Nutritional deficiencies are often 
noted in patients with oral symptoms related to OSF and 
this is more like ly to be the effect rather than the cause. 
Many o f these subjects are unable to tolerate any spicy 
food which constitutes the staple Indian diet. It is, how
ever, o f interest to note that in an single arm study when 
multiple micronutrient supplements (Supradyne-N; 
Roche) plus habit advice were given to a series o f OSF 
subjects their mouth opening significantly improved 
over a period o f 6 months (Maher et al, 1997). An auto- 

I immune hypothesis has also been advanced based on 
increased frequency o f DR antigens noted in H LA  stud
ies, raised serum IgG levels (Phatak, 1978; Canniff et 
al, 1986), hyperglobulinaemia (Seedat, 1985), and raised 
gastric parietal autoantibodies (Seedat, 1985; Canniff et 
aZ, 1986).

The bulk o f available scientific evidence supports an 
association o f areca nut in the causation o f OSF but the 
pathogenic mechanisms involved need further study. 
Role o f heavy metals, particularly excess copper in areca 
nut in cross-linking collagen by upregulation o f lysyl 
oxidase thus contributing to fibrosis is currently under 
investigation in our laboratory. Due to conflicting infor
mation on H LA  frequencies reported so far and rapid 
development o f OSF in cohorts o f young adults noted 
in some clinical studies, any genetic predisposition to 
the disease merits further investigation.
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Altered HLA and cytokine profile in patients with 
oral submucous fibrosis
S Meghji, M F Flaque, U Khitab, M  Harris, D epartm ent 
o f  O ral and M axillofacial Surgery, Eastman D ental 
Institute fo r  O ral Health Care Sciences, 256  G rays Inn 
Road, London WCI 8LD, UK

To investigate why OSF is almost completely confined 
to inhabitants of, or migrants from the Indian subconti
nent, we have extended our H LA  typing o f affected indi
viduals. Previous work from this department has shown 
that there were significantly raised frequencies o f the 
antigens DR3, A lO  and B7 in patients w ith OSF. There 
was also an increase in the frequency o f H L A  haplotypic 
pairs A10/DR7, B8/DR3 and A10/B8 in the OSF 
patients compared to matched controls (Canniff et al, 
1985).

We have also investigated the cytokine profile. Pre
vious studies in other fibrotie diseases have shown an 
altered cytokine profile (McCauley et al, 1992). There
fore we have investigated cytokine production by stimu
lated and unstimulated peripheral blood monocytes from 
patients w ith OSF and compared them to control sub
jects.

HLA profile
To further investigate the genetic predisposition we have 
HLA-typed 21 patients with OSF, 10 relatives of the 
patients, 10 non-consanguinous, age and sex-matched 
healthy Indians, and 26 age and sex-matched English 
volunteers.

HLA-typing was done by use o f polymerase chain 
reaction (PCR). The D N A  was prepared from  blood by 
the salting out method. An integrated phototyping sys
tem for H LA  class I and II  was used (Bunce e t al, 1995). 
The results showed that three antigens, A24, D R B 1 11 
and DRB3 0202/3 were o f significantly raised fre
quencies in the patients w ith OSF when compared to the 
English controls (P <  0.001, 0.05 and 0.003). When the 
patient group or the relative control was compared to 
the Indian controls, the frequency D R B l I I  was signifi
cantly raised (P <  0.05). No difference was seen 
between the OSF group and the relative control group. 
These results demonstrate that the antigens A24, 
D R B l 11 and DRB3 0202/3 may be H LA  markers for 
OSF.

Cytokine profile
Peripheral blood (20 mis) was taken from 11 patients 
with OSF, seven relatives o f the patients, and 11 control 
subjects. The monocytes were separated using Histo- 
paque density gradient (Sigma), and cultured for 48 h 
w ith/w ithout lipopolysaccharide from E. coll and 
Staphylococcal enterotoxin A. The cell culture media 
were harvested and cytokines; interleukin-1 (3 (IL -lj8 ), 
interleukin-6 (IL-6), interleukin-8 (IL-8), tumour 
necrosis factor alpha (TNFa), and interferon gamma 
(IFN y) were assayed using enzyme linked immunosorb- 
ant assay (ELISA). The results showed that monocytes 
from OSF patients synthesised significantly more IL - lj8 , 
IL-6, IL-8  and TNFa both spontaneously and on stimu

lation compared to the control group. Furthermore mon
ocytes from the relatives o f the patient group also syn
thesised increased levels o f these cytokines when 
stimulated. In contrast there was no difference in the 
amount o f IF N y  synthesised by unstimulated PBMC but 
on stimulation there was a significant reduction in the 
IF N y  levels in the OSF group compared to both control 
and relative groups. These results demonstrate that the 
altered levels o f these cytokines may play a role in the 
pathogenesis o f OSF.

The results o f this study demonstrate that OSF 
patients seem to have an altered cytokine profile and 
A24, D R B l I I  and D R B3 0202/3 appear to be H L A  
markers o f OSF.
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Tbe molecular mechanisms involved in tbe pathogen
esis o f oral submucous fibrosis (OSF)
C Trivedy, M  Tavassoli, KAAS W am akulasuriya, N W  
Johnson, RCS D ept o f  D ental Sciences/D ept o f  O ral 
M edicine and Pathology/W H O  C ollaborating Centre fo r  
O ral Cancer and Precancer, K in g ’s C ollege School o f  
M edicine and Dentistry, UK

Background
Oral submucous fibrosis (OSF) is characterised by an 
increased deposition o f collagen in the juxta-epithelial 
and submucosal tissues resulting in fibrous scarring and 
lim itation o f mouth opening. It is a potentially malignant 
condition with a malignant transformation rate to squam
ous cell carcinoma (SCO) o f up to 10% over a 10-15 
year period (C anniff et al, 1986).

Epidemiological evidence has shown that populations 
which indulge in the habit o f chewing areca catechu nuts 
have an increased incidence o f developing OSF and are 
at a greater risk o f developing SCO (M urti PR et al, 
1990).

There are meagre data on the role o f tumour sup
pressor genes in the development o f this condition and 
how these may be involved in the progression o f OSF 
to s e e . We have studied the p53 tumour suppressor 
gene, which is known to be mutated in many neoplasms. 
We have examined a panel o f archival biopsies which 
included 27 cases o f OSF and 27 cases o f SCO of which 
six had arisen from OSF. We examined for aberrations 
o f the p53 gene and its product using single stranded 
conformational polymorphism (SSC?) and direct 
sequencing as w ell as immunocytochemistry (ICC) 
(Trivedy et al, 1997c).
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p53 immunocytochemistry
The D 07  antibody and a standard ICC technique without 
antigen retrieval was used to look for stabilisation of 
p53. The ICC data suggest stabilisation o f the p53 gene 
in 75% o f the OSF cases, 67% o f the SCC cases and 
50% o f the SCC cases arising from OSF. These data 
are consistent with other reports demonstrating high p53 
protein expression in OSF using the ICC method (Cox 
and Walker, 1994).

Polym erase chain reaction (PCR) and single stranded  
conformational polymorphism (SSCP) analysis 
PCR was employed to amplify D N A  extracted from for
malin fixed tissue sections o f OSF and SCC using speci
ally constructed primers (Steingrimsdottir et al, 1997). 
Exons 2-9 were amplified using a nested technique. The 
PCR products were separated on SSCP gels to screen 
for abnormal band shifts indicative o f p53 mutations. 
Samples displaying abnormal SSCP patterns were then 
selected for direct sequencing. M obility  shifts in SSCP 
indicative of a mutation in p53 were seen in 13/21 (61%) 
cases of OSF and 15/27 (55%) cases o f SCC. We found 
a significant but incomplete concordance in 33 of 48 
samples (69%) between the ICC and SCCP data. The 
lack o f total concordance may be due to the limitation 
o f the method o f differentiating between mutated and 
wild-type p53. However, our data suggest that these 
techniques when used in combination are useful in 
detecting p53 aberrations. In the panel o f OSF cases the 
majority o f the band shifts were in exons 6 and 8 
whereas in the SCC series they were found in exons 5, 
7 and 8. This may be due to different pathways o f DNA 
damage affecting the p53 gene.

Direct sequencing
Mutations were confirmed in eight of the 13 cases o f 
OSF and two out of the four SCC cases. A  polymor
phism in codon 72 (GGG to GCG) was seen in exon 4. 
Mutations were observed in codons 24, 25, 95, 213, 218. 
W ith only a limited number sequenced it is d ifficult to 
describe a spectrum o f p53 mutations for OSF. However 
this appears to be different from the spectrum observed 
in SCC. In addition, the majority o f published head and 
neck cancer studies have looked at exons 5-9, exons 2/3 
and 4 having been excluded. We have a shown one LOH 
in exon 2/3 and a mutation in exon 4 in this panel.

Discussion
There is little  doubt that areca is the major aetiological 
factor contributing to the development o f OSF (Maher 
et al, 1994). Recently there has been increasing interest 
in the role o f the trace metal copper as a possible ‘ fib- 
romutagen’ by initiating the fibrotie phase o f OSF as 
well as promoting D NA damage that may result in the 
stabilisation and subsequent inactivation o f p53. Copper 
is known to initiate cross-linking o f collagen via the 
enzyme lysyl oxidase, which may be upregulated in OSF 
(Ma et al, 1995). Copper may also induce DNA damage 
and it has been shown experimentally to cause stabilis
ation of p53 protein (Hainaut et al, 1995). This may in 
part explain the high level of p53 expression seen in

OSF by immunocytochemistry. The involvement o f cop
per in the molecular pathogenesis o f OSF is supported 
further by the recent finding that areca nut contains high 
levels o f copper which is expressed in saliva during 
chewing (Trivedy et al, 1997a). Further studies using X- 
ray microanalysis and atomic mass absorption spectro
photometry have demonstrated raised copper levels in 
OSF tissue (Trivedy et al, 1997b). It is tempting to sug
gest that the raised tissue copper may cause p53 stabilis
ation. This stabilised product may become inactivated 
and cause dysregulation o f the normal cell cycle homeo
static mechanisms. This in turn may make the host DNA 
more susceptible to further DNA damage by other muta
genic agents in areca nut such as the alkaloids arecoline 
and aracaidine, tobacco and alcohol. W ork is currently 
underway to examine the effects o f copper on p53 status 
and fibroblast activity in an in vitro system.
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Introduction
Oral submucous fibrosis (OSF) is a chronic fibrotie dis
ease o f the oral cavity and oropharynx characterised by 
fibroelastic change in the mucosa which leads to pro
gressive inability to open the mouth. Previous studies in 
other fibrotie lesions (reviewed by Kovacs EJ, Immu
nology Today 1991; 12; 17-23) have shown that cyto
kines and growth factors may be involved in the patho
genesis o f the disease.

Aims
To investigate both before and after treatment o f patients 
w ith intra-lesional rhuIFN -y the local altered levels o f 
collagens, collagenases, and the distribution o f cytokines 
and growth factors in response to local immune 
response.

M aterials and methods
Punch biopsies (4 mm) were taken from cheek mucosa 
o f 30 OSF patients and 10 normal controls and snap 
frozen in liquid nitrogen. Frozen sections o f 5 jam were 
stained w ith an immunoperoxidase technique using anti
bodies to collagens, collagenases, inflammatory cell 
infiltrates, cytokines and growth factors.

Results
In OSF tissues the levels o f collagen type I, I I I, V I, IV , 
laminin and fibronectin were observed higher than in the 
normal tissues. A fter treatment w ith intra-lesional rhu- 
IF N -y  the expression o f these collagens and binding 
molecules showed reduction in staining intensity com
pared to pre-treatment stainings. The lesional tissues 
also showed infiltrating lymphocytes mainly o f T  cells 
w ith high CD4:CD8 ratio, and M HC class II  expressing- 
anti gen presenting cells. In OSF IL - la  and /3, IL-6, IFN- 
j8, TGFjS, PDGF, and FGFb were all upregulated w ith 
generally strong expression in both connective tissue and 
epithelium, and after treatment all o f these showed 
reduction in staining intensity. However, w ith  little  or 
no staining in most cases fo r IF N -y  (indicates innate 
deficiency or downregulation o f this cytokine). The level 
o f this cytokine increased after the treatment.

Conclusions
The general increase in pro-inflammatory cytokines and 
growth factors, and reduced production o f IFN -y, may 
play an important role in the pathogenesis o f OSF.

Treatment of oral submucous fibrosis
M  Harris, M F  Haque, S Meghji, Department o f O ral 
and M axillo facia l Surgery, Eastman Dental Institute fo r  
Oral Health Care Sciences, 256 Grays Inn Road, Lon
don W CI 8LD, UK

The available treatments for OSF as w ith scleroderma 
and keloid scarring are largely ineffective. Steroids fa il 
to inh ib it the fibrosis. Surgical removal o f the fibrotie

buccal mucosa and split-skin grafting is only partially 
successful and in a high proportion o f patients the 
grafted skin becomes fibrosed (Harris and Hopper, 
unpublished observation).

A  possible clue to treatment came from a study by 
McCauley et a l (1992) which showed an alteration in 
cytokine production in patients w ith keloid scarring. 
They showed that the macrophage production o f IFN - 
a, IF N -y  and TNF-jS were markedly depressed in these 
patients compared to normal subjects, whereas IL-6, 
TNF-o; and IFN-/3 levels were increased. I f  these altered 
levels o f regulatory cytokines play a significant role in 
the net increase in collagen synthesis in keloid scarring 
a sim ilar mechanism may be relevant to OSF. There has 
also been considerable interest in the role o f IF N -y  as 
an antifibrotic cytokine (Kahan et al, 1989; Larrabee et 
al, 1990). We have also shown that the increased col
lagen synthesis in vitro  in response to arecoline is 
inhibited in the presence o f IF N -y  (Nazir et al, 1993).

Therefore, the local administration o f IF N -y  as 
described by Larrabee et a l (1990), Granstein et a l 
(1990) and Hein et al (1992) seemed to be highly appro
priate in OSF, particularly as intralesional injections pro
duced minimal side effects in very few patients. These 
have been reported as short term headache and myalgia 
after the first injection which can be prevented by simple 
analgesics. There is no published evidence o f intrale
sional IF N -y  injection producing any adverse haematol- 
ogical, biochemical, hepatic or renal changes. Therefore 
IF N -y  was used for our OSF patients as described 
below.

Forty-two patients with OSF attending the Eastman 
Dental Hospital were screened, o f these 29 patients 
agreed to enter the trial for treatment (which was 
approved by the hospital Ethics Committee). The treat
ment regime was 15 intralesional injections o f IF N -y  50 
yg X 2 a week over 8 weeks. Patients agreed to give up 
the ‘habit’ and were also provided w ith a stretching 
device to help overcome the fibrotie contracture. Prior 
to treatment and before each injection, the interincisal 
mouth opening o f each patient was recorded.

Twenty-eight patients completed the trial. The interin
cisal mouth opening prior to treatment ranged between
11-35 mm (95% confidence intervals (C l) 19-24 mm), 
immediately post-treatment this was 15-43 mm (95% C l 
27-33 mm) and 6 months later 1 5 ^ 3  mm (95% C l 28- 
33 mm) giving 41% increased overall improvement 
(range o f 4 -8  mm). Patients also reported reduced burn
ing dysaesthesia and increased suppleness o f the buccal 
mucosa. Despite receiving 1 g aspirin prior to the injec
tions the side effects included m ild fever in 16 patients, 
headache in 20 (five moderate, one severe), myalgia 21 
(17 m ild and four moderate); two out o f the 28 patients 
complained o f burning feet, one complained o f peeling 
skin on her feet and one complained o f blurred vision 
in the morning.

This tria l has shown that 50 /xg intralesional IF N -y  
together w ith stretching exercises and cessation o f the 
chewing habit appears to have a significant therapeutic 
effect after 15 injections on OSF.
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