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ABSTRACT 

 Occupational inhalation of crystalline silica for a long period is known to cause silicosis, 
an irreversible lung damage, often leading to lung fibrosis. It kills thousands of people every year 
everywhere. The pathophysiology of silicosis involves chronic inflammation of lung due to  
accumulation of various inflammatory mediators  and  fibrogenic factors in the airways. In this 
review we discuss the role of these mediators and their receptors in inducing silicosis and discuss 
whether inhibitors and decoys can interfere in the induction and onset of the disease. 
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 INTRODUCTION 
 
 Silicosis is an occupational lung disease caused by long exposure to crystalline silica, 
killing thousands of people every year throughout world (Wagner, 1996). Though incidence of 
silicosis have decreased in the developed countries (Bang et al, 2008; Grehardsson, 2002) , it is 
prevalent in developing countries (Lehtiwn & Goldstein, 2002) . In India, three million people get 
exposed to silica dust/flakes especially those working in mines and industries viz. Stone- cutting, 
silica milling, agate, slate pencil and asbestos industries. A sizeable proportion of workers engaged 
in construction activities mainly road building, have imminent exposure to silica dust.  This lung 
disease has a long latency period and may be clinically present as an acute, accelerated, or chronic 
ailment. The pathophysiology of chronic silicosis which involves chronic inflammation in lung is 
the result of the accumulation of various inflammatory mediators as well as other fibrogenic 
factors. 
 Silicosis is the consequence of human exposure to silica. Available silica or the silicon 
dioxide is actually the compound of element silicon and oxygen formed under increased heat and 
pressure and is present in nature in crystalline as well as amorphous form. Amorphous silica, 
except fibreglass, is not generally considered to be harmful to man(Mossman and Churg, 1998).  
The most abundant form of crystalline silica is quartz, a typical component of rock. All crystalline 
forms of silica viz. Quartz, cristobalite and some form of tridymite are inherently piezoelectric i.e. 
having the property to produces opposite electric charges on opposite sides of the physical 
structure when pressure is applied directly to the crystal. It is theorized that this piezoelectric 
characteristic  probably  take part in the pathophysiology of silicosis by the generation of reactive 
oxygen species on the edge of silica molecules and damages alveolar macrophages (Williamson et 
al, 2001). The silanol (SiOH) group present on the surface of silica particle are capable of forming 
H-bond with oxygen and nitrogen group found in the biological cell membranes which may 
subsequently lead to loss of membrane structure, lysosomal leakage, and tissue damage.  All these 
processes  (Castranova, 2004). 
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processes probably contribute in the development of lung scaring 
(Castranova, 2004). 
 Different types of clinical and pathological forms of 
silicosis have been identified which include simple or nodular, 
silicoproteinoisis (acute silicosis), complicated silicosis and 
interstitial fibrosis. These structural changes against the silica 
exposure take place as a consequence to interaction to scavenger 
cells with their receptor and infiltration of inflammatory cells that 
produces fibrogenetic and inflammatory mediators as well as 
growth factors, including tumour necrosis factor (TNF-α), 
interlukin-1 (IL-1), tumour growth factor (TGF-β), macrophage 
inflammatory protein MIP-1 and MIP-2, interlukin-6 (IL-6) 
interlukin-4  (IL-4) and interlukin-5 (IL-5) (Vanhee et al, 1995; 
Driscoll et al, 1993; Driscoll et al, 1990; Jagirdar et al, 1996). Both 
mediators and growth factors effect cells through their receptor 
molecule which is either present on cell surface or in soluble form 
in the cytoplasm. The present review is aimed to discuss the role of 
cytokines and their cell receptors in silicosis. 
 

MARCO (Macrophage Receptor and Collagenous Structure) 
  Alveolar macrophages (AMs) play central role in 
crystalline silica–induced inflammation and pulmonary pathologies 
(Hamilton et al, 2008; Lehnert et al, 1989). Ostensibly they are 
instrumental in escalating inflammatory response against inhaled 
particles (Bowden, 1987). The balance between clearance and 
retention of crystalline silica in the lungs is maintained by AM 
playing an imperative role in regulating the inflammatory response 
and silica induced fibrosis. The whole process of silica clearance  
is carried out by members of the Scavenge Receptor family named 
as macrophage receptor with collagenous structure (MARCO), 
expressed mainly by macrophages, dendritic cells, and certain 
endothelial cells. Studies have identified MARCO as the key 
receptor in recognizing crystalline SiO2 and causing apoptosis in 
murine AM ( Hamilton, 2006).  Furthermore, MARCO has also 
been reported to be a receptor for TiO2 (Arredouani et al, 2005). 
However, even though MARCO binds both Crystalline SiO2 and 
TiO2, they show contrasting apoptotic and pathological outcomes 
(Thakur et al, 2008). Macrophage receptor MARCO is a protein 
that in humans is encoded by the MARCO gene (Elomaa et al, 
1995, 1998; Kangas et al, 1999). This protein gene is a member of 
the class-A scavenger receptor family and is part of the innate 
antimicrobial immune system. The protein binds particles and 
bacteria via  intracellular C-terminal, scavenger receptor cysteine-
rich (SRCR) domain (Arendouani et al, 2004). In addition to short 
cytoplasmic and transmembrane domains, there is an extracellular 
spacer domain and a long, extracellular collagenous domain. The 
protein may form a trimeric molecule by the association of the 
collagenous domains of three identical polypeptide chains (Entrez 
Gene: MARCO macrophage receptor with collagenous structure").  

Crystalline silica, but not TiO2 upregulated MARCO expression on 
pulmonary macrophages, indicates specific role for MARCO in 
crystalline silica–induced inflammation. Nevertheless, MARCO 
plays an important role in removal of crystalline silica particles 
from the lung (Thakur et al, 2009).   

 Unsuccessful clearance of crystalline silica may result in 
persistent inflammation due to prolonged interaction of particles 
with both immune and non-immune cell populations such as 
neutrophils, AM, dendritic cells (DCs), and epithelial cells in the 
lung. Disruption, of the epithelial lining would not only allow 
cytokines and growth factors released by AM to reach the 
interstitium and contribute to the development of silicosis 
(Merchant et al, 1990), but also, enhance translocation of 
crystalline silica particles to the interstitial space (Warheit et al, 
1997). Once located in the interstitium these particles cannot be 
easily cleared. The interaction between crystalline silica and 
interstitial macrophage (IM) initiates a cascade of inflammatory 
signals that are major contributors to progressive fibrotic 
development in the lung (Adamson et al, 1991). 
 

Interlukine-4 Receptor alpha   
 In chronic allergic diseases, there is pronounced 
infiltration of inflammatory cells including lymphocyte, mainly 
Th2 cells, eosinophils, and mast cells. The Th2 derived IL-4 and 
IL-13 cytokines engage in recreation a vital task in generation of 
fibrosis and chemotactic activity of eosinophils (Lukacsa et al, 
2001; Sempowski et al, 1996; Zhu et al, 1999; Fukuda et al, 1996). 
These cytokine convey their gesture to other cells like macrophage 
and fibroblast etc, through common receptor IL-4 receptor alpha 
(IL-4Rα). IL-13 shares many properties with IL-4, due to common 
receptor subunits (IL-4Rα), signal transduction pathways and 
transcription factors (STAT-6) (Hilton et al, 1996). In the case of 
silica induced lung fibrosis, these cytokine follow IL-4Rα pathway 
in association with Ym1 secretory protein which is produced by 
alternatively activated macrophage. The Ym protein was identified 
in respiratory secretions and was shown to be progressively up-
regulated during the development of allergic inflammation in the 
murine lung. Ym protein is characterized as mammalian lectin and 
participate in airways wall remodelling in the allergic lung (Webb 
2001). Silica treatment to wild type mice increase the Ym1 
expression via Ym1-IL-4R α pathways and contributing in Th2 
dominated fibrosis (Migliaccio et al, 2008). 
Although the vast majority of the literature points to a vital role of 
Th2 immunity in the generation of pulmonary fibrosis, there are 
exceptions depending on model and strain. 
 

Interlukin-6 Receptor Alpha 
 Interlukin-6 (IL-6) exerts as a pleiotropic cytokine (Qiu et 
al, 2004) important biological effects on inflammation, immunity 
and stress (Kishimoto et al, 1995; Papanicolaou et al, 1998). 
Accumulating evidence reveals that IL-6 levels increase in blood 
(Yokoyama et al, 1995), bronchoalveolar lavage fluid (BALF) 
(Broide et al, 1992) and lung tissues (Marini et al, 1992)  of 
patients who are suffering from lung disease. Thus, IL-6 may play 
a significant role in inflammatory processes by inducing cellular 
adhesion molecules on inflammatory cells which make easy their 
infiltration in lung (Duits et al, 1991). IL-6 binds to the surface IL-
6R [membrane-bound IL-6R (mIL-6R)], leading to the 
dimerization of gp130/IL-6Rb into tetra- or hexametric structures,  
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There by forming the active IL-6R complex (Boulanger et al, 
2003). Dimerization of gp130 by IL-6 causes the activation of 
several signalling pathways including the Janus kinase (Jak) and 
signal transducers and activators of transcription (STAT) pathway. 
Activation of Jak1, 2 and Tyk2 (Tyrosine kinase 2 ) by IL-6 results 
in the phosphorylation and activation of STAT-3 and, to much 
lesser extent, STAT-1 leading to the induction of IL-6 responsive 
gene expression (Lutticken et al, 1994; Stahl et al, 1994; Akira et 
al, 1994;Nakajima et al, 1995). In silica induced lung fibrosis IL-
6R play an important role in regulation of Th2 cytokines (IL-4 and 
IL-5) expression which is proved by gene silencing of IL-6R gene 
(Tripathi et al, 2010). Thus IL-6 receptor regulates the fibrosis in 
response to silica by modulating the profibrotic cytokines.  
 
Tumour Necrosis Factor Receptors (TNFR) I & II 
 In response to silica, inflammation and fibrosis engender 
is closely attached with the activity of TNF-α and its receptors, 
TNFRI (p55) and TNFR II (p75). The transgenic attenuation of 
both TNF- α receptors, TNFRI and TNFRII, confirmed reduced 
fibrogenic response of endotracheal silica exposure (Ortiz et al, 
1999). Exposure of macrophages to silica induces TNF- α mRNA 
and protein (Claudio et al, 1995; Barrett et al, 1999). The binding 
of TNF-α to its receptor triggers phosphorylation and destruction 
of IκB (the inhibitor of NF-κB in the cytosol), which allows NF-κB 
to enter the nucleus. NF-κB is activated by silica in alveolar 
macrophages and other lung cells by mechanisms involving the 
hydroxyl radical, and in turn regulates the production of TNF-α 
and other inflammatory mediators. These mechanisms are 
important in the pathogenesis of silica-induced lung diseases (Chen 
and Shi, 2002; Hubbard et al, 2002).  
 In vivo studies utilizing TNFR gene ablation models and 
anti-TNF antibodies or soluble receptors demonstrated attenuation 
of silica-induced fibrogranulomatous disease with inhibition of 
TNF- α activity (Piguet et al, 1990; Piguet and Vesin, 1994). In 
other study, it has been verified in vivo that silica dependent 
induction of chemokines, including Monocyte chemotactic protein-
1 (MCP-1), Interferon gamma-induced protein-10 (IP-10), 
macrophage inflammatory protein (MIP-1β, MIP-2 and MIP-1 α), 
is in part mediated by TNF- α signal transduction via the TNFRI 
receptor (Pryhuber et al, 2003).  
 
Fas ligand (FasL) 
 During silicosis it is seen that various anomalies develop 
such as production of autoantibodies and many complication of 
autoimmune disease (Otsuki et al, 2003). Fas/FasL pathway plays a 
role in pathogenesis of autoimmune diseases by regulating the 
apoptosis. It is a membrane bound and shed protein belonging to 
the TNF gene family, and counter-receptor for the death-promoting 
Fas molecule expressed by variety of lymphoid and non-lymphoid 
tissues(Nagata, 1999). Lymphocyte apoptosis mediated by 
Fas/FasL interaction regulates immune responses (Lenardo et al, 
1999) and FasL-mediated apoptosis of leukocyte prevent 
inflammatory reaction at immune-privileged site (Griffith et al, 
1995). Some researcher has reported that in silicosis patients 

apoptosis of BAL cells are inversely proportional to lung function 
(Szcezeklik et al, 2004). In another experiment it has been shown 
that FasL expression and silica induced apoptosis decreases in rat 
model (Corsini et al, 2003).  
 
CONCLUSION  
 
 Silicosis is one of the oldest occupational disease known 
to mankind. It is an incurable pulmonary disease caused by 
inhalation of dust containing free crystalline silica. It is irreversible 
and the disease progress even when exposure to causal factor stops. 
After exposure, silica particle are encountered with macrophage 
where it is being cleared with the help of MARCO receptors 
present on macrophages. In response to silica macrophages release 
different kinds of proinflammatory cytokines which act on other 
inflammatory cells viz. Th cells, fibroblast, eosinophills etc. via 
their receptors by means of autocrine as well as paracrine mode of 
action. 
 Occupational exposure of silica leads to the production of 
large group of inflammatory and fibrotic mediators that are 
implicated in the development of fibrotic lesion. Various factors 
including free radicals, ROS, RNS, Lipid peroxide, TNF, IL-1, IL-
6, IL-8, IFN, specially take part in inflammatory reaction, whereas 
TNF, TGF and IL-4, seems to be implicated in fibrotic processes. 
Among the cytokine TNF play important role in inflammation by 
controlling other cytokines like IL-1, IL-4, IL-6 and IL-8 while IL-
6 regulate the fibrosis by modulating the expression of Th2 
cyokines.  
 Infact all these receptors are a door for entrance of signal 
in the inflammatory cells so as to make intracellular 
communication among themselves and construct the network of 
inflammatory response. As suppressor of cytokine signalling 
especially Socs3 that can negatively regulate Stat3-Janus kinase 
pathway- the anti-inflammatory pathway, it may be a candidate 
molecule to address for therapeutic benefit against lung fibrosis. 
Use of siRNA to knockdown persistent expression of Socs3 may 
help prevent development of lung fibrosis following particulate 
exposure. Alternatively, use of receptor decoys may help prevent 
the onset of silica induced lung fibrosis.  
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