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Editorial

Oral Submucous Fibrosis: Revised Hypotheses as to its cause

Oral submucous fibrosis (OSF), being a prototype of pathological fibrosis, remains enigmatic as regards its causation. 
The connective tissue production is permanent and there is no reversal of the condition even after cessation of the habit 
of areca-nut usage; prime suspect in its causation.1 The bulk of the connective tissue consists of type-1 collagen2 and its 
formation does not appears to be caused by excessive proliferation of fibroblasts.3 The effect of areca nut  extract on in 
vitro fibroblasts varies on a concentration gradient, predominantly suppressing rather than stimulating the growth of the 
cells.4 Based on morphological characteristics, the fibroblast population in the diseased mucosa has been classified in to 
types F1, F2 and F3 with F3 cells producing significantly more collagen than the other two cell types. It was concluded 
that a change of fibroblast population has occurred in OSF and that this relative increase of F3 cells in humans, could be 
committed to the production of large quantities of collagen formation in OSF. It has been proposed that fibroblasts are 
functionally heterogeneous, the composition of any given normal or diseased connective tissue being a consequence in 
part of its particular mixture of fibroblast subtypes and density. Subtype deletion or amplification can result from selective 
cytotoxic or mitogenic responses induced by the binding environmental ligands.5 Against this backdrop, we propose 
few de-novo attributes, hitherto unreported, and seem to be of relevance in the pathogenesis of OSF; namely the role of 
autophagy in basic cellular homeostatic process, important to cell fate decisions under conditions of stress and also ECM 
producing cells (fibroblasts, myofibroblasts and smooth muscle cells) derived from epithelial and endothelial cells through 
process termed epithelial and endothelial-mesenchymal transition. 

Autophagy is a catabolic process by which components of the cytoplasm are degraded in lysosomes. The importance 
of autophagy to homeostasis and development has been underscored by numerous studies in yeast and mice6,7 but its 
importance in human diseases and preclinical models are being elucidated.8 Relatively few studies have addressed the 
role of autophagy and dysregulation of its impact on numerous human diseases including cancer and chronic obstructive 
lung disease.9-11 Recent advances in our understanding of the pathogenesis of idiopathic pulmonary fibrosis (IPF) have 
underscored potential links with autophagy.12 Fibroproliferative disease may affect almost all tissues and organs, including 
the skin, kidneys, lungs, cardiac and vascular systems, eyes, liver, pancreas and intestine, and tissue fibrosis is a leading 
cause of morbidity and mortality in humans. 

Several lines of evidence suggest that inflammation is necessary to trigger the onset of the fibrotic process, but subse-
quently plays a minor role in progression of the disease.13 Fibrogenesis is a physiological process triggered by the onset 
of inflammation that may lead either to tissue repair or fibrosis depending on the balance between production of ECM 
proteins and enzymatic degradation. These observations are in conformity with the clinical stages of OSF, where persis-
tent inflammation and subsequent scarring are hallmarks of the disorder. A derangement in the inflammatory-reparative 
response of the host culminating in fibrous healing and subsequent scarification has been suggested as plausible tissue 
changes in OSF (Fig. 1).14 

Several studies have demonstrated that autophagy is not induced in pathologic fibrosis (e.g. IPF), despite the upregulation 
of several activators of autophagy.8 In vitro experiments demonstrate that the profibrotic mediator, TGF-b1 is likely 
responsible for decreased autophagy. Treatment of animals 
with an autophagy inducing agent partially protects against 
fibrosis. Since there are existing drugs that induce autophagy, 
this line of investigation offers the possibility of translation 
to patient care, which could be beneficial in the management 
of obscure and intractable fibrotic conditions like OSF. 

Malignant transformation rate of OSF was found to be 
in the range of 7-13% and the WHO definition for an oral 
precancerous condition accords well with this disease.15 But 
this assumption does not seems to be straight-forward and 
there are unsettled issues still remaining, which demands  
further clarification. One such issue is the development of 
carcinoma associated with the disease, with no cases of 
sarcoma reported. This sounds intriguing given the nature of Fig. 1: Clinically advanced OSF with limited inter-incisal clearance 
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the disease primarily as a connective tissue disorder. The often cited explanation of the dense fibrosis and less vascularity 
of the corium in the presence of an altered cytokine activity creating a unique environment for carcinogens from both areca 
nut and tobacco to act on the epithelium,16 leading to dysplasia and subsequent malignancy, seem naïve in this context and 
demand retrospection in the light of recent experimental evidences. 

Epithelial-mesenchymal interactions play a critical role in development and cancer progression. Tissue fibroblasts 
regulate the proliferation and differentiation of epithelial tissues17,18 and transformed stroma can induce malignancy in 
lung and mammary epithelia.19,20 Normal fibroblasts have been reported to convert malignant epithelia in the prostate and 
skin to morphologically benign lesions.21,22 Known mediators of epithelial-mesenchymal interactions include members 
of the TGF-β family.23 This family is responsible for context-dependent inhibition or stimulation of cell proliferation and 
neoplastic transformation.24-26 Thus, TGF-b signaling in fibroblasts modulates the growth and oncogenic potential of adjacent 
epithelia in selected tissues. TGF-β positive monocytes, fibroblasts and platelets throughout the lamina propria were seen 
in OSF mucosa and their staining intensity was intense in these cases, compared to normal controls.27 Furthermore, there 
was strong positive staining of the epithelium in OSF, whereas the normal epithelium was negative. Endothelium showed 
positive reaction in the lesional connective tissue and ‘T’ lymphocytes associated with endothelium, but the specific paracrine 
factors and signaling pathways involved have not been identified. The TGFBR2 mouse model illustrates that the signaling 
pathway known to suppress cell-cycle progression when activated in epithelial cells can also have an indirect inhibitory 
effect on epithelial proliferation when activated in adjacent stromal fibroblasts in vivo. Loss of this inhibitory effect can 
result in increased epithelial proliferation and may even progress to invasive carcinoma in some tissues.28

The main fibrogenic cells (fibroblasts, myofibroblasts) may also be derived from non-mesenchymal cells including 
epithelial and endothelial cells via transformation. Epithelial-to-mesenchymal transition (EMT) or endothelial-to- 
mesenchymal transition (EndoMT) is a key process in tissue development, carcinogenesis or organ fibrosis; and is 
characterized by dramatic changes in cell phenotype and function.29 Epithelial or endothelial cells assume a spindle shape 
morphology, lose classical cell markers and gain typical fibroblast or myofibroblast markers such as FSP-1, alpha SMA 
or vimentin, and show the capacity to produce interstitial collagens and fibronectin. All these changes are due to the high 

plasticity of epithelial and endothelial cells. Therefore, these cell types can be considered as multipotent progenitor tissue, 
which can display alternative developmental pathways following injury. Recent data on the EMT and EndoMT in animal 
models and in human primary cells has shown strong contribution to intestinal fibrogenesis.30,31 A change in fibroblast 
population in OSF and the relative increase of F3 cells in humans32 committed to the production of large quantities of 
collagen, leading to this prototype of pathological fibrosis, could formulate a revised hypothesis as to its causes. 

Fibroblasts present in areas of tissue injury generally have been regarded to arise by recruitment from surrounding 
connective tissue; however this may not be the only source of these cells. Blood - borne fibrocytes, defined as a new 
leukocyte sub-population, contribute to scar formation and may play an important role both in normal wound repair and in 
pathological fibrotic responses.33 Cell surface analysis suggest that these cells share both leukocytic and connective tissue 
cell features. In addition to expressing the fibroblast components of vementin, collagen and fibronectin, fibrocytes (as it 
is named) also display the leukocyte common antigen (LCA) CD45 and the hematopoietic stem cell marker CD34.34,35 

Conceivably, fibrocytes that circulate in peripheral blood may comprise a population of pluripotent connective tissue cell 
precursors that can differentiate along either fibroblast, smooth muscle or myofibroblast lines, depending on the precise 
microenvironment. The deranged inflammatory-reparative response with resultant ‘defective healing’ (scarification) reported 
in OSF14 points to the role of such contributors in the tissue reaction. Further investigations on the differentiation pathways, 
secretory profiles and precise tissue origin of blood-borne fibrocytes should increase significantly our understanding of the 
role of this cell population in tissue repair responses and in the causation of fibrotic disorders like OSF. 
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