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Abstract 
Purpose of the Review: Some physiopathological mechanisms that could 
support the relationship between tobacco and silicosis have been postulated 
but exact pathogenesis remains unknown. Recent Findings: Local inflamma-
tion in workers with silicosis is a complex process characterized by an infil-
tration of inflammatory cells in the respiratory alveolus, accompanied by an 
increase in the expression of cytokines, chemokines, enzymes, growth factors 
and adhesion molecules. Although in smokers without silicosis a similar pat-
tern of inflammation can be observed, in workers with silicosis this process 
seems to be characterized by more pronounced increases in structural dam-
age in the lungs. Altered balance of innate and adaptive immunity both play 
key roles in the pathogenesis of extensive fibrosis in a molecular level, influ-
enced by individual susceptibilities and genetic traits. Conclusion: The 
identification of the molecular mechanism and a potential protective geno-
type for silicosis opens a window for the eradication of this occupational 
respiratory disease. This should encourage us to continue exploring and 
searching for the relation between the genetic polymorphism and the inor-
ganic silica particle. 
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1. Introduction 

The World Health Organization (WHO) considers smoking as one of the biggest 
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global public health concerns with an estimated 7 million deaths worldwide—of 
this 6 m attributed to smoking and another 890,000 due to non-smokers being 
exposed to second-hand or passive smoke which contains over 250 which are 
known to be harmful and more than 50 known carcinogens (World Health Or-
ganization, 2015 & 2017). 

The relation between tobacco and silicosis is not entirely understood, al-
though what is clear is that smoking is considered a high risk factor in the de-
velopment of fibrotic as well as emphysematous lungdisease (Churg, Zhou, 
Preobrazhenska, Tai, Wang, & Wright, 2009),with both active or former smoke-
rs being 60% more likely to develop silicosis (Katzenstein, Mukhopadhyay, Za-
nardi, & Dexter, 2010). Some pathophysiologic mechanisms that can connect the 
relation between tobacco and silicosis are established. We know from current 
research that silicosis induces oxidative stress, increments epithelial apoptosis 
and alters the regulation of immunological response and the recruitment of in-
flammatory cells, macrophages (Rimal, Greenberg, & Rom, 2005) and that 
smoking itself induces epigenetic alterations which persist even after the smok-
ing habit has ceased. In fact, it is known that tobacco smokers show higher levels 
of hypermethylation, as well as of DNA-methyltransferase-1, and a reduction of 
the histone deacetylase 2 functions. Both changes have been associated to the fi-
brogenic process that occurs during the early stages of development of silicosis.  

Furthermore, silicosis is typically described as a rare inflammatory/interstitial 
disease of the respiratory system, which causes permanent damage to the pul-
monary parenchyma and the bronchial tree as consequence of an inflammatory 
influence caused by inhalation of respirable crystalline silica dust (Perkins et al., 
2015). It is in fact a complex, multifactorial irreversible pneumoconiosis result-
ing from the interaction between the inhaling of an inorganic particle and a dy-
namic chronic inflammatory response. These inflammatory processes can ulti-
mately lead to a structural modification of the lungs, resulting in lung fibrosis 
and the presence of alterations in the airflow (Naghadehi, Sereshki, & Moham-
madi, 2014). This inflammation affects all areas of the respiratory system, in-
cluding the pulmonary parenchyma and both central and peripheral airways. 
Even though inflammation is one of the main characteristics of silicosis, the 
reason for this inflammatory response, the physiopathology, and progression to 
silicosis is still not yet fully understood. Unfortunately, the number of inflam-
matory mediators and their complex interrelations has made it impossible to 
develop a simplified pathogenic model. Due to this there are several investiga-
tions as of today that biomedical research has not been able to provide clear, de-
cisive and accurate answers for.  

Similarly, neither the exact mechanisms involved in lung damage in workers 
with silicosis who are also smokers nor the roles of the different inflammatory 
components are not completely understood. In this context, a more detailed 
characterization of the whole range of inflammatory responses in silicosis can 
pave the way for a deeper understanding the pathogenesis of the disease as a 
complex entity (Sultan, 2017a) especially when smoking is present. So, it is then 
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necessary to recognize the role of the various cells that are involved in the in-
flammatory response, as well as the diverse biological causes that are part of its 
genesis and forms the basis of this article. 

2. Silica-Induced Cellular and Molecular Responses 

The initial inflammatory response produced in the pulmonary alveolus by the 
sustained, chronic inhalation of respirable-form crystalline silica (Li et al., 2017) 
is considered as a risk factor in the development of silicosis. This exposure is 
able to induce long term pathological changes in lung tissue, which could ulti-
mately lead to the occurrence of functional alterations leading to a completed 
development of an occupational disease, which is asymptomatic at the beginning 
but could potentially leads to a massive pulmonary fibrosis (Abdelaziz, Elkashef, 
& Said, 2017).  

In this instance, it’s necessary to point out some of the main characteristics of 
silicosis-related inflammation. Local inflammation in silicosis-afflicted workers 
is a complex process characterized by an infiltration of inflammatory cells into 
the pulmonary alveolus, along an increase in the production of cytokines (Skul-
and, 2014a, 2014b), chemokines, enzymes, growth factors and adhesion mole-
cules. Also, some studies have demonstrated that serum elevations of biomarkers 
like NSE and CA125, which correlates with the severity of silicosis in some cases 
(Fang, Zhang, Wang, & Zhang, 2014). At the same time, the inflammatory 
process after silica exposure also involve a considerable number of different cell 
types, including macrophages, neutrophils, eosinophils, histiocytes, epithelial 
cells, endothelial cells, dendritic cells, lymphocytes, fibroblasts, and pneumo-
cytes. At the same time, localized inflammation is closely intertwined with vari-
ous biological pathways, among which are an altered cellular signaling, the in-
crease of oxidative stress, the protease-antiprotease imbalance, and the induction 
of apoptosis (Borges et al., 2002). 

A growing body of scientific evidence suggests that local inflammation in sili-
cosis can be modified by other factors like genetic-epigenetic mechanisms, the 
microbiota of the respiratory tract, age, autoimmune reactions, local hypoxia 
and complex cell fibroblast transformation, all altering the fine equilibrium be-
tween the anti-fibrotic and fibrotic response, necessary to keep the elasticity of 
lung tissue. For instance, it has been postulated that the epithelial/mesenchymal 
transition, a process by which the bronchial-alveolar epithelial cells become a 
myofibroblast, is a clue step toward the fibrotic process because it potentially al-
ters the structure of this cell, their contraction, migration and production of 
extracellular matrix (Deng et al., 2016).  

Based on current evidence which points to the different aspects of an inflam-
matory response is not only due to the exposure to silica particles, but by the 
physiological response is also based on individual traits and susceptibilities re-
lated with expression of specific genes during the inflammatory response (Leung, 
Yu, & Chen, 2012). These genes, it has been postulated, are related in different 
components of the fibrotic response like over expression of inflammatory cyto-
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kines and chemokines, dissolution of extracellular matrix, wound healing, cell 
signaling during, antioxidant defenses and tissue remodeling (Perkins, Peeters, 
Wouters, Reynaert, & Mossman, 2014). 

3. Smoking in Silicotic Lung Disease 

It has been observed in workers with silicosis that local inflammation is driven 
by an exaggerated or abnormal response because of the inhalation of tobacco 
smoke. Although in smokers without silicosis a similar pattern of inflammation 
can be observed, in those with silicosis the inflammation seems to be characte-
rized by more pronounced structural damage of the respiratory system. 

The molecular mechanisms underlying the exaggerated inflammatory re-
sponse in silicosis cannot be fully explained, but they affect both innate and ac-
quired immunity (Gardiner & Mills, 2016). In case of innate response, macro-
phages are the main phagocytes of the respiratory system that maintain the ste-
rility of the lower respiratory tract which are often colonized with microorgan-
isms, mainly bacteria. In patients with silicosis, there is a marked increase (be-
tween 5 and 10 times) in the number of macrophages in the respiratory tract, the 
pulmonary parenchyma, in the bronchoalveolar lavage and sputum. At the same 
time, it is known that exposure to tobacco in workers with silicosis is associated 
with a deterioration in the capacity of the macrophages to eliminate respiratory 
pathogens and apoptotic cells (Delgado, Parra, & Capelozzi, 2006). This fact has 
pointed out the vital role of alveolar macrophages in the preventing a persistent 
colonization so smoking could be an important cause of defective phagocytosis 
and elimination of bacteria which ultimately leads to abnormal colonization and 
a vicious circle between inflammation and infection. 

There is also clinical evidence that would indicate that the activation of alveo-
lar macrophages by silica produces a rapid and sustained inflammation that is 
characterized by the generation of protein 1 Monocyte chemotactic MCP-1, 
which induces fibrosis. This finding provides a new perspective on the potential 
of MCP-1 in the development of new therapeutic strategies against silicosis (Liu 
et al., 2015). In another aspect, the increase in the number of macrophages in the 
lungs of smokers and in workers with silicosis are caused by the increased re-
cruitment of monocytes from circulation as a response to monocyte-selective 
chemokines (Liu et al., 2018) of CKLF1, however, despite this increase in the 
number of macrophages in the respiratory tract of silicosis-suffering smokers, 
persistent colonization is also a common finding. This suggests that these cells 
have a reduced ability to phagocytose bacteria found in the lung, mainly Hae-
mophilusinfuenzae and Streptococcus pneumoniae, in comparison to healthy 
subjects.  

In the case of acquired immunity in silicosis it has been reported an abnormal 
response to tobacco smoke from Regulatory T Cells and an increase in T helper 
type 1 (Th1) as well as participation of Th17 cell responses which are characte-
ristic of human emphysema. For instance, animal experimental models have 
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shown that Th1 and Th17 cytokines and elastases response, could be induced by 
cigarette smoke related emphysema (Shan et al., 2012). Similarly, interferon-γ 
(IFN-γ) and interleuking-17A (IL17A) produced by both CD4+ and γδ T cells, 
were also increased.  

The effects of quitting smoking on local inflammation in workers with silico-
sis are still debated. However, there is evidence that stopping smoking at an early 
stage effectively reduces the inflammatory reaction in silicosis, suggesting value 
of stopping smoking at the onset of diagnosis of the disease. It is probable that 
epithelial cells and macrophages are the first cell types to encounter tobacco 
smoke and, therefore, the first to act and trigger the inflammatory response. 

The involvement of the alveolar epithelium in the pathogenesis of silicosis as-
sociated with tobacco smoke has three main defenses. First, as a physical barrier. 
The epithelial cells of the respiratory tract are important in the defense of the 
lungs, with the production of mucus from goblet cells, dendritic cells (Nicod, 
2005), and the secretion of antioxidants, anti-proteases and defensins, as well as 
the constant ciliary movement. It is possible that tobacco smoke and other 
harmful agents can alter these responses of the epithelium of the respiratory 
tract, contributing to the injury produced and increasing the susceptibility to in-
fection. Second, by the production of inflammatory mediators upon contact, ep-
ithelial cells are activated by tobacco smoke and begin to produce inflammatory 
mediators, including TNF-α, IL-1β, IL-6 (Chan et al., 2018; Yucesoy et al., 2001), 
a stimulation factor of granulocyte colonies activated by chemokines (Adage et 
al., 2015) and macrophages (gM-CsF), all of which play a crucial role in the in-
flammation and alteration of lung tissue. In addition, epithelial cells of the small 
airways can also be an important source of transforming growth factor beta 
which would later induce local fibrosis (Li et al., 2017). Third, pneumocytes are 
also susceptible, and alterations can occur at this level. In this sense, the presence 
of vascular endothelial growth factor (VEgF) seems to be necessary to maintain 
the integrity of the alveolar cell (Truong, Dhapare, Desai, Voelkel, & Sakagami, 
2017), resulting in emphysema as a secondary disorder (Zhang et al., 2016). 

So it seems that accumulation of necrotic material in the lung, contributes to 
perpetuates the inflammation; At the same time, an exaggerated innate immune 
response, increase in the cells of the adaptive immune system of both lympho-
cytes T as of CD8 (Emad & Emad, 2007) in patients with both conditions. This 
increase is relevant for two reasons. First, because it seems to be one of the main 
differences in the inflammatory infiltrate of non-smoking workers with silicosis; 
And second, because there is a correlation between the number of T cells, the 
amount of alveolar destruction and the severity of airflow obstruction in workers 
with silicosis who smoke (Delgado, Aguilera, Delgado, & Rug, 2012). 

4. Conclusion 

Our current knowledge of the biological mechanisms underlying the inflamma-
tion of silicosis has increased significantly in recent years but remains far from 
complete before focusing on the identification of new potential inflammatory 
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biomarkers. It would require a deeper knowledge of the basic mechanisms of in-
flammation that occurs in silicosis. 

Direct comparisons of different studies measuring inflammation biomarkers 
in silicosis and smoking (Baumgartner, Samet, Stidley, Colby, & Waldron, 1997) 
should be made with caution due to a series of possible confounding factors such 
as compartmentalization or interaction with the various biological pathways and 
cell types involved. 

Although the studies available to date have focused specifically on a limited 
number of candidate biomarkers for inflammation, future research should be 
designed with a broader approach that covers the major inflammatory distur-
bances that occur in silicosis. This identification of biomarkers capable of track-
ing both local and systemic inflammation in silicosis can be achieved through 
rigorous and well-designed studies. 

The identification of potential factors known to be sources of inflammation 
and their correlation with an increased risk of silicosis will provide mechanistic 
clues to this research question as knowledge advances, we will be able to better 
understand the development and continuation of this disease, which will allow 
us to identify new therapeutic targets. 

Efforts to identify the genetic determinants of silicosis have evolved as availa-
ble technologies have changed, using two different and complementary ap-
proaches (Wang, Lan, Yang, De, & Kuang, 2012). On the one hand, the analysis 
of candidate genes starts from a hypothesis which connects a specific gene with 
the disease and tries to assess whether this gene-silicosis relationship exists, and 
on the other hand high performance technology such as DNA microarrays allow 
testing up to one million single nucleotide polymorphisms (SNP) at a time in 
each case (Shan et al., 2012; Yuan et al., 2017). 

This approach does not relate to any hypothesis and therefore it is a technique 
that allows opening new research channels. In the same way, the identification of 
the protective genotype (Fang, Fan, & Shen, 2011) for silicosis opens a window 
for the eradication of this historical occupational respiratory disease from the 
world which still claims annually tens of thousands of lives worldwide (Sultan, 
2017b) which should encourage us to continue exploring in the search for the 
relationship between the genetic polymorphism of the IL-4-33 site and silicosis, 
as a protective genotype for workers who are exposed to the inorganic silica par-
ticle. 
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