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Abstract: Areca nut chewing is a great hazard and related to oral mucosa lesion in large population worldwide.

In India pan masala, gutkha and mawa chewing is quite prevalent. In some sections of society, quid chewing is

even part of the social culture. Areca nut which is most commonly associated with development of OSMF

contains various alkaloids which interfere with molecular process of deposition and/or degradation of

extracellular matrix molecule such as collagen causing imbalance in normal process. The various pathological

effects of these alkaloids are:

1. Reduced phagocytosis of collagen by fibroblast.

2.Up and down regulation of copper dependent enzyme lysyl oxidase, matrix metallo proteinase and tissue
inhibition of matrix metallo proteinase .

3. Increased levels of cytokines in lamina propria.

Various studies done in past put OSMF as premalignant disorder (PMDs). Understanding the etiopathology of

OSMF may help to revert the risk factors so as to minimize the chance of development of disease which is

incorporated in primordial prevention of disease.

I.  Introduction

OSMF is an insidious, chronic disease affecting any part of the cavity and sometimes the pharynx.
Occasionally it is preceded by and/or associated with vesicle formation and is always associated with a juxta-
epithelial inflammatory reaction followed by fibroelastic change of lamina propria, with epithelial atrophy
leading to stiffness of the oral mucosa and causing trismus and inability to eat. Oral submucous fibrosis (OSMF)
is a premalignant condition mainly associated with the practice of chewing betel quid containing areca nut, a
habit common among South Asian people. It is characterized by inflammation, increased deposition of
submucosal collagen and formation of fibrotic bands in the oral and paraoral tissues, which increasingly limit
mouth opening®.

Various hypotheses were put forward which suggest a multifactorial origin for the etiology of OSMF.
The etiological factors include local irritants such as chili consumption, areca nut chewing, tobacco smoking and
chewing. Systemic factors include anemia (iron deficiency), vitamin deficiencies (B-complex and folate)
together with the malnourished state (protein deficiency), genetic predisposition to the disease and
autoimmunity. The global incidence in 1996 of submucous fibrosis was estimated as 2.5 million individuals®. In
Indian populations the prevalence is 5% for women and 2% for men. Age groups below 20 years are more often
contracted with submucous fibrosis®™. The aim of the present review is to understand the etiology and
pathogenesis of OSMF with special emphasis on areca nut & its constituents.

I1.  Etiopathogenesis

Arecanut

Areca nut constitutes of alkaloids, flavonoids and other trace elements like copper. The major alkaloids
found in areca nut are arecoline, arecaidine, guvacine, guvacoline which cause fibroblastic proliferation and
increased collagen formation. Hydrolysis of arecoline produces arecaidine that has pronounced effects on
fibroblasts12. The stimulation of fibroblasts is greater with arecaidine, and there was a concentration-dependent
stimulation of collagen synthesis when fibroblasts were exposed to both arecloine and arecaidine, addition of
slaked lime calcium hydroxide(Ca(OH)2) to areca nut in pan facilitates hydrolysis of arecoline to arecaidine
making this agent available in the oral environment and hence causing greater stimulation of fibroblast13.
Flavonoid component of areca nut have some direct influence on collagen metabolism, enhancing the cross
linking of collagen fibers and hence raise the lysyl-oxidase (LOX) activity14,15. The LOX activity is important
for formation 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. The LOX is an
essential enzyme for final processing of collagen fibers into a stabilized covalently cross-linked mature fibrillar
form that is resistant to proteolysis16.

Copper causes up-regulation of lysyl-oxidase (LOX) enzyme. The LOX is dependent on copper for its
functional activityl7. During the biosynthesis of LOX, copper is incorporated into LOX. LOX also contains a
co-factor lysine tyrosylquinone (LTQ), a covalently bound carbonyl prosthetic group18. The LTQ is essential in

DOI: 10.9790/0853-1604105860 www.iosrjournals.org 58 | Page



A Review Article On Etiopathogenesis Of Osmf

the formation of cross-links in the collagen fibers for the reaction mechanism of LOX19. Copper has been
suggested to play a structural role in stabilizing the LTQ19. During the process of cross-linking, copper plays an
important role in reoxidizing the reduced enzyme facilitating the completion of the catalytic cycle. Areca nuts
have been shown to have a high copper content, and chewing areca nuts for 5-30 min significantly increases
soluble copper levels in oral fluids. This increased level of soluble copper could act as an important factor in
OSF by stimulating fibrogenesis through up-regulation of LOX activity20,21.

To summarize the action of the major etiological factor arecanut in the pathogenesis of OSF, the
alkaloids cause the stimulation of fibroblast and gene expression hence leading to increased collagen production.
The flavanoids increase the cross-linking of collagen and copper causes the up-regulation of lysyl oxidase and
hence stimulating fibrogenesis.

Molecular pathogenesis:

Of all of the growth factors, none has been found to have the diversity of effects on extracellular matrix
(ECM) ascribed to transforming growth factor-p (TGF-f). 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.”***Over a period of
time, due to persistent habit, chronic inflammation sets in at the site. Initial irritation leads to further atrophy and
ulceration of the mucosa. It can thus be considered that induction of oral mucosal inflammation by betel quid
ingredients is a critical event in the pathogenesis of OSMF. Cytokines like interlukin-6 (IL-6), tumor necrosis
factor (TNF), interferon-a(INF-o) etc. and growth factors like TGF-p are synthesized at the site of
inflammation. TGF-B1 is
a key regulator of extra cellular matrix (ECM) assembly and remodeling. The action of TGF-p on the genes
implicated in the formation and degradation of the ECM is mostly exerted at the transcriptional level through ill
defined intracellular pathways. TGF-f increases the collagen production and decreases the collagen degradation.

Role of Genetic and immunological factors:

Gene-gene interaction analysis revealed that XRCC3 Thr 241 Met had the largest univariate effect
followed by XRCC3 Thr 241 Met -NAT2 A857G in men that presents a highly synergistic interaction as one of
the potential combinations of single nucleotide polymorphisms (SNPs) to increase the risk of OSMF in men if
exposed to arecanut or smokeless tobacco usage.>Connective tissue growth factor (CTGF/CCN2) is associated
with many human fibrotic disorders and was found to overexpress in OSMF. Microtrauma could lead to the
release of thrombin. Thrombin produced by microtrauma may contribute to the pathogenesisof OSMF by up-
regulating CCN2 expression. This effect could be mediated by protease-activated receptor-1, reactive oxygen
species, apoptosis signal-regulating kinase 1, and c-Jun NH(2)-terminal kinase pathways and prevented by
epigallocatechin-3-gallate.?

Collegen-related genes COL1A2, COL3A1, COL6A1, COL6A3 and COL7A1 have been identified as
targets of transforming growth factor-b (TGF- b) and induced fibroblasts at an early stage of the disease.30
These genes play an important role in the homeostasis of collagen in the body. The genetic modulation of
different enzymes such as collagenases and lysyl oxidase together with cytokines, namely TGF-b has been
implicated in this context. The transcriptional activation of procollagen genes by TGF-b may contribute to
increased collagen levels and hence increased expression of procollagen genes and thereby contributing to
increased collagen level in OSF.23 Chiu et al. analyzed two groups of betel chewers, one with OSF and the
other without in order to compare the association of OSF and polymorphisms of six collagen related genes.30
They used PCR-based restriction fragment length polymorphism assays to determine the genotypes of the six
collagen-related genes situated on different chromosomes and found that the genotypes associated with the
highest OSF risk for collagen 1Al, collagen 1A2, collagenase-1, transforming growth factor betal, lysyl
oxidase, and cystatin C, an increased risk of OSF was noted with an increasing number of high-risk alleles for
those with both high and low exposures for betel quid. The cell selection mechanism of oral fibroblasts is
proposed to explain the effect of the modification of cumulative betel quid exposure on the risk profiles of
collagen-related genes, susceptibility to OSF could involve multigenic mechanisms modified by the betel quid-
exposure dose.

Role of Heat shock proteins (HSP)

HSP4, is a 47 kDa collagen-binding heat shock protein (HSP), known as a molecular chaperone
belongs to the serine protease inhibitor (serpin) superfamily and is involved in the synthesis, processing, and
assembly of various collagens. Shung et al., first found that arecoline has the tendency to upregulate HSP47
MRNA expression in human buccal mucosal fibroblasts (BMFs). HSP47 and hence cause the accumulation of
collagen in oral mucosal connective tissue and cause OSF.37
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I11.  Conclusion
OSMF is multifactorial involving multigenic mechanisms modified by the betel quid exposure dose.

Epidemiological evidences suggest well established relationship between areca nut and OSMF. The chemical
constituents of areca nut have been identified as arecoline, arecaidine, guvacine, guvacoline, catachins and
tannin in biochemical studies. These chemical constituents of areca nut stimulate fibroblast proliferation leading
to collagen synthesis. Also molecular pathogenesis suggests the role of growth factors in inducing fibrotic tissue
formation. In conclusion, further studies are required to establish the role of betel nut in addition to genetic
factors and autoimmunity in pathogenesis of OSMF.
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