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Abstract

Summary data from recent epidemiological studies pro-
vide overwhelming evidence that areca nut is the main
aetiological factor for OSF. Commercially freeze dried
products such as pan masala, Guthka and mawa have high
concentrates of areca nut per chew and appear to cause
OSF more rapidly than by self prepared conventional be-
tel quid that contain smaller amounts of areca nut. It is
logical to hypothesize that the increased collagen synthe-
sis or reduced collagen degradation as possible mecha-
nisms in the development of the disease. These chemicals
appear to interfere with the molecular processes of depo-
sition and/or degradation of extracellular matrix molecules
such as collagen. In vitro studies on human fibroblasts
using areca extracts or chemically purified arecoline sup-
port the theory of fibroblastic proliferation and increased
collagen formation that is also demonstrable histologically
in human OSF tissues. The copper content of areca nut is
high and the possible role of copper as a mediator of fi-
brosis is supported by the demonstration of up regulation
of lysyl oxidase in OSF biopsies. It has been postulated
that areca nut may also induce the development of the
disease by increased levels of cytokines in the lamina pro-
pria. Current evidence implicates collagen-related genes
in the susceptibility and pathogenesis of OSF. The indi-
vidual mechanisms operating at various stages of the dis-
ease—initial, intermediate and advanced—need further study
in order to propose appropriate therapeutic interventions.
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Introduction

Oral submucous fibrosis (OSF) is a high risk precancerous
condition which was first described in the early 1950s charac-
terized by changes in the connective tissue fibers of the lamina
propria and deeper parts leading to stiffness of the mucosa and
restricted mouth opening seen predominantly in people of Asian
descent. The disease is predominantly seen in India, Bangladesh,
Sri Lanka, Pakistan, Taiwan, China and among other Asiatics,
with a reported prevalence ranging up to 0.4% in Indian rural
population (Murti et al., 1995). Epidemiological and in vitro
experimental studies have shown that chewing areca nut (Areca
catechu) is the major aetiological factor for OSF (Caniff and
Harvey, 1981). Although there are regional variations in the type
of areca nut products used in India, the betel quid (BQ) was the
most popular and prevalent habit in ancient Indian culture. But
in 1980, both areca quid products such as Pan masala (Areca
quid) and Gutkha (AQ tobacco) were introduced in Indian mar-
ket as commercial preparations. Since then there has been an

increase in the use Pan Masala (Areca quid) and Gutkha (AQ +
T) in the younger age groups, which had lead to increased inci-
dence of OSF (Gupta et al., 1998). Pan Masala (Areca quid)
includes areca nut, catechu, lime, flavours and spices. Our pre-
vious hospital-based case—control study has proved strong asso-
ciation of Pan Masala (AQ) with highest relative risk (489.1) of
development of OSF (Hazare et al. 1998). Gutkha (AQ + T)
contains all ingredients of Pan Masala (AQ) plus tobacco and
other contents, that are closely guarded secretes and is a com-
mercial substitute to local preparation popularly known as Kharra/
Mawa (Sinor et al., 1990). The rapidly increasing prevalence of
this habit can be judged from the reports that the Indian market
for Pan masala (AQ) and Guthka (AQ + T) is worth 25 billion
(US$ 500 million) (Gupta and Ray, 2004). When the disease
was first described it was classified as an idiopathic disorder
(Schwartz, 1952).

Mortality/morbidity

OSMF has a high rate of morbidity because is causes a pro-
gressive inability to open the mouth, resulting in eating and con-
sequent nutritional deficiencies. OSMF also has a significant mor-

e Progressive inability to open the mouth (trismus) due to
oral fibrosis and scarring

¢ Oral pain and a burning sensation upon consumption of
spicy foodstuffs

Increased salivation

Change of gustatory sensation

Hearing loss due to stenosis of the eustachian tubes
Dryness of the mouth

Nasal tonality to the voice

Dysphagia to solids (if the esophagus is involved)
Impaired mouth movements (eg, eating, whistling,
blowing, sucking)

Laboratory findings:

Decreased hemoglobin levels

Decreased iron levels

Decreased protein levels

Increased erythrocyte sedimentation rate

Decreased vitamin B complex levels

Table 1: Symptoms and signs of oral submucous fibrosis.
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tality rate because of it can transform into oral cancer, particu-
larly squamous cell carcinoma, at a rate of 7.6%. Signs and symp-
toms of OSF are mentioned in Table 1.

Pathogenesis

The role of the constituents of areca nut in the pathogenesis of
OSF has been studied in detail over last two decades. It is appar-
ent that fibrosis and hyalinization of subepthelial tissues account
for most of the clinical features encountered in this condition.
Moreover, substantial amount of research on elucidating the eti-
ology and pathogenesis appear to have been focused on changes
in the extracellular matrix (ECM). It is logical to hypothesize
that the increased collagen synthesis or reduced collagen degra-
dation as possible mechanisms in the development of the dis-
ease. There are numerous biological pathways involved in the
above processes and, it is likely that the normal regulatory mecha-
nisms are either down regulated or up regulated at different stages
of the disease (Figure 1 and Figure 2).

Quid has been defined as a substance or mixture of substances
placed in the mouth or chewed and remaining in contact with the
mucosa usually containing one or both of the two basic ingredi-

Oral mucosa

ﬂ<::, increased susceptibility due to deficiency
iron and vitamin B12

Betel quid

Duration and frequency of
the habit

Constant irritation

Chronic inflammation

J

Activated T cell and macrophages at the site

Increase in cytokines IL 6, TNF, IFa, increase in growth factor TGF

Figure 1: Initial events of the disease process oral mucosa which is in direct
contact with the betel quid due to the habit, is the site of constant irritation

(Rajalalitha and Vali, 2005).
Increase in collagen Decrease in collagen
production degradation

—

[Increased collagen (insoluble form-cross Iinking]

of insoluble form of collagen)

|

[ Oral submucous fibrosis ]

Figure 2: Overall effect of activated TGF beta pathway. There is in increase n
collagen production and cross linking (insoluble form) along with the decrease
in the collagen degradation. This produces increased collagen deposition in the
subepithelial connective tissue layer of the oral mucosa leading to OSF

ents tobacco and/or areca nut in raw or any manufactured or
processed form (Zain et al., 1999). The major areca nut alka-
loids are arecoline, arecadine, arecolidine, guyacoline and
guacine (IARC anonymous, 1985). The important flavonoid
components in areca nut are tannins and catechins. These alka-
loids undergo nitrosation and give rise to N-nitrosamine which
might have cytotoxic effect on cells (Hoffmann et al., 1994).

The betel quid is placed in the buccal vestibule for about 15
minutes to an hour and repeated 5 to 6 times a day which leads
to constant contact between the mixture and oral mucosa. The
alkaloids from the quid are absorbed into the mucosa and under-
goes metabolism. Microtrauma produced by the friction of coarse
fibers of areca nut also facilitates diffusion of the alkaloids into
the subepithelial connective tissue resulting in juxtaepitheial in-
flammatory cell infiltration (Chiang et al., 2002).

Oral submucous fibrosis (OSF) is widely considered to be a
potent precancerous condition whose predominant characteris-
tics are the excessive and abnormal deposition of extracellular
matrix (ECM) components that may affect adversely the routine
oral functions. From a clinico-pathologic point of view, fibrosis
may be considered as a somewhat irreversible state of tissue al-
teration, during which resolution of the healing process fails to
occur. Increasingly, it has become appreciated that certain of
these actions of ECM derive from its ability to sequester and
modulate the activity of specific growth factors (Nathan and
Sporn, 1991). Of all of the growth factors, none has been found
to have the diversity of effects on ECM ascribed to transforming
growth factor-p (TGF-). This peptide plays a critical role not
only in synthesis and degradation of ECM but also in response
of cells to ECM mediated through integrin receptors; moreover,
specific components of the ECM, in turn, can both deliver TGF-
B and regulate its activity (Roberts et al., 1988; Roberts et al.,
1990).

The molecular events in the pathogenesis of OSF discussed
by a 29. Rajalalitha and Vali, (2005): collagen production path-
way and collagen degradation as regulated by TGF f and the
flavonoids present in areca nut.

Collagen production pathway

There are three main events in this pathway activation of
procollagen, elevation of procollagen proteinase levels, and up-
regulation of lysyl oxidase (LOX activity).

Collagen is the most abundant protein in the human body and
plays an important role in the structural element of connective
tissue. They are triple helix stabilized by unusual crosslink. The
processing of fibrillar collagen occurs in a stepwise manner.
Procollagen genes are transcribed and translated to form
procollagen monomeric chains. The genes COL1A2, COL3Al,
COL6A1, COL6A3, COL7A1 have been identified as defini-
tive TGF-p targets (Rajalalitha and Vali, 2005). The activation
of collagen I and VII collagen gene expression by TGF-f has
been demonstrated. The activation of procollagen genes by TGF-
B is causing an increased expression of procollagen genes and
hence increases collagen level in OSF. Elevation of procollagen
proteinases such as PCP that cleaves C-terminal and PNP’s (PNP1
and PNP 2) cleaves N terminal play essential role in pathogen-
esis of OSF. Thus, TGF-b may play an important role in induc-
ing fibrotic tissue formation, while connective tissue growth fac-
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tor (CTGF) is important in maintaining fibrosis. In the study
conducted by Yi-Ting et al., (2009) found arecoline stimulated
CTGEF production in buccal mucosal fibroblasts (BMF). BMFs
could contribute to the pathogenesis of OSF by producing CTGF
during arecanut chewing. OSF could be driven by a wave of
increased CTGF synthesis during arecanut chewing, accompa-
nied by an increased local TGF-b concentration due to inflam-
mation regularly found in OSF. Recent study has shown that
curcumin (1,7-bis(4-hydroxy-3 methoxyphenyl)-1,6-heptadiene-
3,5-dione), the major yellow pigment in turmeric, curry and
mustard, has high antioxidant and anti inflammatory activity and
is widely used as a flavoring and coloring agent in foods and as
an herbal medicine to treat chronic inflammatory diseases (Goel
et al., 2008) suppresses the expression of extracellular matrix
genes in activated hepatic stellate cells by inhibiting CTGF gene
expression through suppressing ERK and NF-jB signalling. In-
terestingly, researchers found curcumin could completely inhibit
arecoline-induced CTGF synthesis and the inhibition is dose-
dependent (Chen and Zheng, 2008).

Up-regulation of LOX

The copper content of areca nut is high and the levels of soluble
copper in saliva may rise in volunteers who chew arecaquid
(Trivedy et al., 1997). The same group showed that the oral
mucosa of areca nut chewers had significantly raised levels of
copper when compared with the control subjects (Trivedy et al.,
2000). The association between copper and OSF has been linked
on the basis that excess copper is found in tissues of other fi-
brotic disorders— Wilson’s disease, Indian childhood cirrhosis
and primary biliary cirrhosis. The enzyme lysyl oxidase is found
to be upregulated in OSF (Trivedy et al., 1999). This is a copper
dependent enzyme (Kagen and Trackenman, 1991) and plays a
keyrole in collagen synthesis and its cross linkage. The possible
role of copper as a mediator of fibrosis is supported by the dem-
onstration of up regulation of this enzyme in OSF biopsies
(Trivedy et al., 1999) and in OSF fibroblasts compared to nor-
mal fibroblasts grown in culture (Ma et al., 1995). Copper added
at various concentrations in vitro has also been shown to in-
crease proliferation of fibroblasts in culture (Trivedy et al., 2001).
The fibroblasts in OSF have not only increased lysyl oxidase
activities but also specific growth characteristics. This was evi-
dent with the reported cell doubling time of 3.2 days for OSF
and 3.6 days for normal fibroblasts (Ma et al., 1995). Further,
OSF fibroblasts grew more rapidly than normal as the former
became confluent in 5 days compared to 6 days for the latter.
However, another study based on ultrasound investigations of
visceral organs in OSF patients reported that there was no evi-
dence of fibrotic changes elsewhere. Faecal copper was also
normal suggesting that the copper levels were within the toler-
ance levels (Rajendran et al., 2003). As the oral mucosa is di-
rectly exposed to the copper challenge in chewers its effect may
well be local. These different growth characteristics may either
be due to the direct effects of ingredients of areca nut or second-
ary to inflammatory factors mediated by areca nut such as IL-1,
TGF- B, IGF, EG (Haque et al., 2000). The LOX activity is im-
portant of insoluble collagen due to cross linking. The process
of cross linking gives tensile strength and mechanical properties
to the fibers as well as makes the collagen fibers resistant to
proteolysis tilting the balance towards a fibrotic condition as
presentin OSF.

Collagen degradation pathway

There are two main events modulated by TGF which decreases
the collagen degradation, activation of inhibitor of matrix
metalloproteinase gene TIMPs and activation of plasminogen
activator inhibitor PAI gene.

Upregulation of cyclo-oxygenase
(COX-2)

Itis known that OSF is associated with inflammatory changes
in at least some stages of the disease. Prostaglandin is one of the
main inflammatory mediators and its production is controlled
by various enzymes such as cyclo-oxygenase (COX). Biopsies
from buccal mucosa of OSF cases and from controls were stained
for COX-2 by immune histochemistry and revealed that there
was increased expression of the enzyme in moderate fibrosis
and this disappeared in advanced fibrosis. This finding is com-
patible with the histology of the disease as there is lack of in-
flammation in the advanced disease. The above finding was con-
firmed by treating buccal mucosal fibroblasts with 80 pg/ml
arecoline in culture and revealed that COX-2 expression was
up-regulated as early as half an hour, indicating this to be an
early cellular response to arecoline at transcriptional level. COX-
2 expression started to decrease when the arecoline concentra-
tion was increased upto 160 pg/ml, and this may be due to cyto-
toxicity. Similar data have been reported in another study quot-
ing 1.4-3.4-fold increase of PGE, production and 1.1-1.7-fold
increase of PGE, when gingival keratinocytes were exposed to
areca nut extracts (Jeng et al., 2000).

Oral submucous fibrosis is a prototype of pathological fibro-
sis sharing characteristics in common with other organ involve-
ments where deposition of collagen is taking place primarily in
the oral submucosa (Shiau and Kwan, 1979). It has been found
that alkaloid (areca-nut) exposure of buccal mucosal fibroblasts
may result in the accumulation of collagen (Harvey et al., 1986).
A reduced degradation of the alpha 1(1) collagen trimer synthe-
sized by OSF fibroblasts may induce the alteration of the ratio
of alpha 1(1) : alpha 2 (1) chains (Kuo et al., 1995). Collage-
nase activity has been found to be reduced in OSF than in nor-
mal oral mucosa (Shieh and Yang, 1992). This evidence implies
that OSF may be considered a collagen-metabolic disorder re-
sulting from alkaloid exposure and individual variation in col-
lagen metabolism.

Role of Heat shock proteins (HSP) in pathogenesis of OSF

HSP47, is a 47 kDa collagen-binding heat shock protein (HSP),
which belongs to the serine protease inhibitor (serpin) super-
family containing a serpin signature sequence (17). HSP47 is
known as a molecular chaperone that is specifically involved in
the processing and quality control of collagen molecules Shung
et al., (2008) first found that arecoline is capable of stimulating
HSP47 mRNA expression in human BMFs. HSP47 plays an
important role in the synthesis, processing, and assembly of vari-
ous collagens. Previously, their data have shown that arecoline
could enhance collagen synthesis in human gingival fibroblasts
(Changet al., 1999). Consistently, study by Shung Fa, ound that
HSP47 mRNA was upregulated by arecoline in human BMFs.
Thus, authors propose that the accumulation of collagen in oral
mucosal connective tissue may be caused by a simultaneous ef-
fect on HSP47 by areca quid chewing.
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Role of basic fibrobalstic growth factor (bFGF) in patho-
genesis of OSF

The FGFs, which often interacts synergistically with other
growth factors, may possibly have an effect on extracellular
matrix (ECM) deposition. The biological activity of basic fibro-
blast growth factor (bFGF) in fibroblast, the surrounding matrix
and its role as a mediator in the pathogenic process of OSF is of
paramount importance, as a better understanding of the cytokines
and cytokine networks involved in the early stages of fibrosis
could widen newer therapeutic strategies and better the treat-
ment options for OSF.

The bFGF may either directly stimulate endothelial cell pro-
liferation or facilitate VEGF—endothelial cell interaction through
the modulation of endothelial cell integrin or VEGF-receptor
expression (Salcedo et al., 1999). The increased bFGF
expressivity in endothelial cells along with fibroblasts in OSF
cases was an important observation, as bEGF potentiates leuko-
cyte recruitment to inflammation by enhancing endothelial ad-
hesion molecule expression (Zittermann and Issekutz, 2006). It
has also been demonstrated that endothelial cell derived IL-1
and bFGF modulate fibroblast properties independently, which
supports the hypothesis that altered endothelial cell-fibroblast
communication may be involved in the pathogenesis of fibrosis
(Wojas-Pelc and Lipko-Godlewska, 2005). The endothelial cell
and fibroblast dysfunction may be linked through the paracrine
activity of soluble endothelial cell products (Denton et al., 1997).
Mast cells which are found in the early stages of OSF are indi-
cated to be a primary source of heparin and may serve as a sig-
nificant source for heparin binding growth factor, the bFGF, in
disease processes (Qu et al., 1995). The altered stromal distri-
bution of bFGF in OSF could be because of lower stromal cell
concentration and aberrant extracellular deposition of cytokine
(Yoon et al., 2001). Another possible explanation for the ob-
served abnormality in OSF may be because of a defect in either
ligand production or cell surface deposition of the cytokine.
Therefore, a potential defect in the extracellular binding of bFGF
might involve a different set of bFGF binding molecules includ-
ing heparin-like glycosaminoglycans.

Recently, the direct effect of (basic fibroblasts growth factor)
bFGF-1 and TGF- B, on fibroblast proliferation and collagen
synthesis using cultured oral fibroblasts have shown opposing
effects on growth, differentiation and extracellular matrix accu-
mulation. While bFGF was autorepressive and catabolic, TGF-
b has shown to be autoinductive and anabolic, thus representing
a part of feedback mechanism controlling stromal growth. How-
ever, when bFGF and TGF J, were associated, the anabolic ef-
fects prevailed (Silverio-Ruiz et al., 2007). Contrary to this ef-
fect, bFGF was found to be the most potent growth factor in
increasing proliferation, glycosaminoglycans synthesis and pro-
moting collagen synthesis in TMJ disk cells (Detamore and
Athanasiou, 2004). Additional studies to test the effect of bFGF
and TGF-b alone and in combination on cultured fibroblasts from
OSF tissues may prove beneficial, as these studies may provide
a greater insight into its pathogenesis and offer novel options for
therapeutic intervention.

Precancerous nature and malignant transformation

The precancerous nature of OSF was first described by Pay-
master in 1956 when he observed slow growing squamous cell

carcinoma (SCC) in one third of the patients with the disease
(Paymaster, 1956). This was confirmed by various groups and
Pindborg in 1972 put forward five criteria to prove that the dis-
ease is precancerous (Pindborg et al., 1984). They included, high
occurrence of OSF in oral cancer patients, higher incidence of
SCC in patients with OSF, histological diagnosis of cancer with-
out any clinical suspicion in OSF, high frequency of epithelial
dysplasia and higher prevalence of leukoplakia among OSF cases
(Pindborg et al., 1967). Malignant transformation rate of OSF
was found to be in the range of 7-13%. According to long term
follow-up studies a transformation rate of 7.6% over a period of
17 years was reported (Murti et al., 1985). Authors hypothesize
that dense fibrosis and less vascularity of the corium, in the pres-
ence of an altered cytokine activity creates a unique environ-
ment for carcinogens from both tobacco and areca nut to act on
the epithelium. It could be assumed that carcinogens from areca
nut accumulate over a long period of time either on or immedi-
ately below the epithelium allowing the carcinogens to act for a
longer duration before it diffuses into deeper tissues. Less vas-
cularity may deny the quick absorption of carcinogens into the
systemic circulation (Tilakaratne et al., 2006). An observation
which is still intriguing in the pathogenesis of OSF and its sub-
sequent malignant transformation is the often reported cases of
carcinomas, rather than sarcomas associated with the disease.
To the best of our knowledge no case of sarcomatous transfor-
mation had been reported of this disease, even though it is of
stromal origin. The concept of a link between stromal cell matu-
ration and adjacent epithelial proliferation was introduced more
than 20 years ago (Cunha et al., 1980) and has gained support
since. This interaction is mediated by soluble paracrine signals
and ECM components secreted from developing mesenchyme
that induce the adjacent epithelia to proliferate rapidly. A new
balance of mesenchymal-epithelial crosslink is reached during
tissue maturation (Bhowmick et al., 2004). During tumorigen-
esis, however, the prevailing model suggests a process whereby
pre-cancerous epithelial cells acquire multiple genetic mutations
and the associated stroma becomes “activated” commonly ex-
pressing myofibroblastic markers (Ronnov-Jessen et al., 1996).
The characteristics of an activated carcinoma-associated fibro-
blast are not completely understood. Such cells are presumed to
express o smooth muscle actin, ECM proteins, and growth fac-
tors that act in an autocrine and paracrine fashion to potentiate
and support the survival of a tumor (Bhowmick et al., 2004).

Treatment

The list of other treatment modalities (Table 2) is extensive
and includes use of micronutrients and minerals, carbon dioxide
laser, pentoxifylline, lycopene, interferon gamma, turmeric,
hyalase, chymotrypsin and collagenase. As fibrosis cannot be
reversed, when mouth opening is severely limited surgical inter-
ventions, such as myotomy, coronoidectomy and excision of fi-
brotic bands, are required. Reconstruction using such techniques
as buccal pad flap, superficial temporal flap and forearm flap,
can also be performed. Alternative procedures, such asinsertion
of an oral stent, physiotherapy, local heat therapy, mouth exer-
cises using acrylic carrots and ice cream sticks, have been tried
with variable rates of success. In most cases, depending on the
stage of disease and extent of oral involvement, therapy consist-
ing of a combination of the above-mentioned drugs and surgery
might be useful.
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Treatment Details

Vitamin A, B complex, C, D
and E, iron, copper, calcium,
zinc, magnesium, selenium
and others

6 8 mg twice a day for 2 months
400 mg 3 times a day for

7 months

Intralesional injection of
interferon gamma (0.01—
10.0 U/mL) 3 times a day for
6 months

Treatment
Micronutrients
and minerals

Lycopene
Pentoxyfilline

Interferon gamma

Steroids Submucosal injections twice
a week in multiple sites for
3 months

Steroids Topical for 3 months

Hyalase + -

dexamethasone

Turmeric30 Alcoholic extracts of
turmeric

(3 g), turmeric oil (600 mg),
turmeric oleoresin (600 mg)
daily for 3 months

Placental extracts

Chymotripsin, Chymotripsin (5000 IU),
hyaluronidase and | hyaluronidase (1500 IU) and
dexamethasone31 dexamethasone (4 mg),

twice weekly submucosal
injections for 10 weeks

Table 2: Treatment modality for OSF (Auluck et al., 2008).

Conclusion

In summary, the available literature indicates that the main
aetiological factors for OSF are the constituents of areca nut,
mainly arecoline, whilst tannin may have a synergistic role. These
chemicals appear to interfere with the molecular processes of
deposition and/or degradation of extracellular matrix molecules
such as collagen, causing imbalance in the normal process. The
most likely events that take place with regards to the above im-
balance may be reduced phagocytosis of collagen by fibroblasts,
up or down regulation of key enzymes such as lysyl oxidase,
matrix metalloproteinases and tissue inhibitors of matrix
metalloproteinases. The process may also be influenced by in-
creased secretion of inflammatory cytokines, growth factors and
decreased production of anti-fibrotic cytokines. Although the
above mechanisms may explain the induction, maintenance and
progression of fibrosis in OSF, further research is required in
order to identify the mechanism leading to carcinogenesis in this
fibrotic oral mucosa. Nutritional deficiencies may not play a pri-
maryrole but it could synergies the symptomotology by contrib-
uting to epithelial atrophy. Although the involvement of HLA
and genetic predisposition has been reported, specific haplotypes
have not been determined. The individual mechanisms operat-
ing at various stages of the disease—initial, intermediate and ad-
vanced—need further study in order to propose appropriate thera-
peutic interventions.
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