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АBSTRACT 

Inhalation of inorganic particles results in activation of the alveolar macrophages with subsequent 

release of inflammatory cytokines and fibroblast proliferation. PURPOSE of this work was to analyze 

the serum levels of TNF-α and basic spirometric parameters in clinically healthy workers exposed to 

inorganic dust of different chemical composition. METHODS: the studied workers were divided into 

two groups depending on the characteristics of the dust: Group A (29 workers) exposed to dust from 

moulding mass for metal castings (quartz sand with added coal ash and bentonite) and Group B (31 

workers) exposed to mixed dust composed mainly of iron and artificial abrasives. Determination of 

serum TNF-α was performed by ELISA kit, and the spirometric study with a portable spirometer. 

RESULTS: We found significant higher levels of TNF-α in workers from Group A (16,01±2,86pg/ml) 

compared to those Group B (14,49±2,03 pg/ml), p<0.02, and to the control group (13,94±2,23 pg/ml), 

p<0.001. There were no significant differences in FVC, FEV1, FEV1/FVC, PEF between the two 

groups of workers exposed to dust. CONCLUSIONS: The chemical composition of inorganic aerosols 

affects the amount of released TNF-α, which is an early biomarker for assessing exposure to free 

crystalline silica. 
 

Key words: inorganic dust, TNF-α, spirometry 

 

INTRODUCTION 

Pneumoconioses and occupational interstitial 

lung disease (OILD) are a clinically 

heterogeneous group of diseases whose 

etiological causes are being constantly 

explored due to the wide industrial use of 

innovative materials. The clinical course of 

pneumoconioses does not differ from that of 

non-professional kinds, which defines the 

major importance of early diagnosis for the 

introduction of primary and secondary 

prevention (1). Measurement of soluble 

cytokines in vivo and in vitro is becoming 

increasingly important in studying and 

controlling pulmonary diseases (2, 3). The 

discovered link between changes in cytokine 

levels and the emergence and development of 

various functional symptoms is a reason many  

authors recommend cytokines as new 
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biomarkers in preclinical, clinical and 

epidemiological studies, and especially in risk 

assessment (4-9). 

 

The use of the term "biomarker" dates back to 

1980 (10). In 1998, a working group at the 

National Health Institute in Bethesda, 

Maryland, USA defines a biomarker as "a 

parameter that can be measured objectively 

and evaluated as an indicator of normal 

biological response, pathogenic process or 

drug response to therapeutic intervention". 

Biomarkers are measurable biological 

parameters that change in response to exposure 

to xenobiotics, environmental or physiological 

stressors, and serve as indicators of toxic and 

other external influences. Biomarkers show the 

change in expression or state of a protein, 

which correlates to risk or to disease 

progression, as well as to the susceptibility to a 

particular treatment (11, 12). 

 

Immune cells interact with each other by 

releasing chemical substances called cytokines 
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that affect other cells and coordinate 

appropriate immune responses. Cytokines 

include interleukins, interferons, growth 

factors, monokines, and lymphokines (13). It 

was found that pro-inflammatory cytokines 

(IL-1 and TNF-α) trigger a systemic 

inflammation and could worsen disease by 

inducing fever, inflammation, tissue 

destruction, etc. (14-16). 
 

Purpose of the present study was to analyze 

levels of serum TNF-α and some spirometric 

parameters in healthy workers exposed to 

inorganic dust of different composition in the 

work environment. 

 

MATERIALS AND METHODS 

The study included 60 clinically healthy 

workers exposed to inorganic dust (38 men and 

22 women) and 38 healthy controls (12 men 

and 26 women). Depending on dust 

composition the tested workers were divided 

into two groups. The first group (Group A) 

comprised of 29 workers (27 men and 2 

women), exposed to dust from moulding mass 

for metal castings (quartz sand with added coal 

ash and bentonite). This dust contained three 

main ingredients: 98% dried quartz sand 

(respirable free crystalline silica below 2%); 

bentonite (containing bentonite clay 85%, 

quartz 2%, cristobalite up to 1%, tridymite up 

to 1%) and carboplast (composed mainly of 

coal dust and ashes). The mean age of Group A 

was 39 years with an average exposure time of 

eight years (from 0.5 to 30 years). The second 

group (Group B) included 31 workers (11 men 

and 20 women) exposed to a mixed dust 

composed mainly of iron and artificial 

abrasives. The average age and exposure time 

of the Group B were 40 and 9 years (from 0.5 

to 30 years) respectively. In both groups, 

smokers were more than non-smokers: 19 

against 10 in Group A, and 16 against 15 in 

Group B. The average age of the control group 

was 45 years. 

 

Serum samples from healthy workers and 

control group were extracted from venous 

blood at room temperature, and stored at -70°C 

until evaluation. The quantity determination of 

TNF-α in sera was performed by ELISA kits 

(Invitrogene, Austria) following the 

manufacturer's protocol. Cytokine 

concentrations were determined by using 

standard curve constructed with kit's standards. 

The minimal detectable dose of the TNF-α 

ELISA kit was 0.7pg/ml. 

 

Expiratory flow-volume loops were recorded 

according to the European Respiratory Society 

Guidelines on a Spirolab III (Italy). The forced 

expiratory volume in 1 sec (FEV1) and forced 

vital capacity (FVC) were recorded and 

expressed as a percentage of the predicted 

reference value (17). 

 

RESULTS 

Serum levels of TNF-α in workers exposed to 

dust and in a control group are shown in 

Figure 1. We found significantly higher levels 

of TNF-α in the exposed group (15,23 ± 2,56 

pg/ml) compared to the control group (13,94 ± 

2,23 pg/ml), p <0.01. 

 

Figure 1. Serum levels of TNF-α (pg/ml) in workers exposed to inorganic dust and in a control group. 

 

Serum levels of TNF-α in workers exposed to 

dust with a different chemical composition and 

the control group are presented in Figure 2. 

Highest level of TNF-α were measured in 

workers exposed to the moulding dust (Group 

A) as compared to the control group, and 

compared to Group B. 
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Figure 2. Serum levels of TNF-α (pg/ml) in workers exposed to different kinds of inorganic dust (Groups A and 

B) and in the control group. 

 

Mean serum levels of TNF-α in the exposed 

workers divided by smoking status are shown 

in Table 1. There is a tendency for higher 

levels of TNF-α in smokers compared to non-

smokers in both treatment groups workers.  

 

Table 1. Serum levels of TNF-α (pg/ml) in workers exposed to inorganic dust divided by smoking 

status. 

Group Smokers TNF-α (pg/ml) Non-smokers TNF-α (pg/ml) 

All Exposed 
n =35 

15,66±2,88 
n =25 

14,62± 1,92 

Group А 
n =19 

16,48± 3,14 
n =10 

15,12± 2,06 

Group В 
n =16 

14,69±2,25 
n =15 

14,29± 1,82 
 

Table 2. Spirometric parameters in workers exposed to dust from group A and B. 

Group 

Parameter 

Group А 

n = 28 

Group В 

n = 27 

FEV1 (%) 89,46 ± 18,29 91,00 ± 16,75 

FVC (%) 86,36 ± 21,60 87,26 ± 17,34 

FEV1/FVC 109,11 ± 17,40 109,33 ± 12,19 

PEF (%) 62,64 ± 26,16 64,78 ± 19,97 

 

 

No significant difference in the levels of the 

measured mean group spirometric parameters 

was detected in workers from the two groups. 

 

DISCUSSION 
TNF-α, also known as cachectin, is a 

proinflammatory cytokine with a wide variety 

of functions (18-20). TNF-α is synthesized 

predominantly by immune cells such as 

activated macrophages, monocytes, and 

lymphocytes, and is important in early 

inflammation, in development and progression 

of several diseases, including pulmonary 

fibrosis (21). TNF-α is responsible for the 

onset and persistence of the inflammatory 

response observed in the lungs of patients with 

progressive massive fibrosis. TNF-α can 

directly induce the proliferation of fibroblasts 

as well as the production of other pro-

inflammatory mediators (22). By stimulating 
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secretion of interleukin-6, TNF-α can stimulate 

cell proliferation and induce cell differentiation 

under certain conditions (18-20). 

 

The significantly higher levels of TNF-α in 

workers exposed to inorganic dust compared to 

the control group, identified in our study, 

confirm the stimulation of the immune system, 

where the activated cells produce pro-

inflammatory cytokines, in this case TNF-α. 

Similar results by E. Codorean et al., 2011, 

indicate significantly higher levels of TNF-α in 

workers exposed to coal dust compared to a 

control group, and increased levels of the 

cytokine proportional to the duration of 

exposure (23). According to J.S. Lee et al., 

2010, considerable release of TNF-α in 

subjects with the stage 0/1 ILO compared to 

controls supports the hypothesis for the crucial 

role of TNF-α in the pathogenesis of coal 

pneumoconiosis (24). TNF-α has been reported 

as a biomarker for progressive pneumoconiosis 

with levels correlating to the severity of the 

disease (25, 26), i.e. TNF-α is a useful 

indicator of exposure to coal dus , as well as 

biomarker for pneumoconiosis with 

progressive lung fibrosis (27). 

 

Figure 3. Schematic presentation of the mechanisms involved in crystalline silica-induced oxidative 

stress, injury, and fibrosis, with relevant useful biomarkers identified in these processes (M. Gulumian 

et al., 2006). 

 

Well-known fact is that formation of collagen 

in the lungs depends on the nature and 

chemical composition of inhaled dust. Typical 

collagen fibroses are caused by silica, asbestos, 

coal dust, and non-collagen fibroses – by barite 

dust, iron, inert non-fibrogenic dusts (28). The 

pathogenic mechanism of silica is presented by 

direct activation of alveolar macrophages with 

subsequent production and secretion of 

inflammatory cytokines that induce fibroblast 

proliferation (29). Initial biological responses 

to SiO2 are associated with immune system 

stimulation, followed by the death of 

macrophages. Activated macrophages produce 

cytokines IL-1 and TNF and stimulate 

fibroblasts (30-32). The most common clinical 

type is chronic silicosis, which occurs after 

intense and prolonged exposures and a latent 

period of 10 to 40 years (33). 

 

The measured significantly higher level of 

TNF-α in workers from Group A than those of 

Group B confirms the importance of dust 

composition to macrophageal activity and the 

secretion of cytokines. Workers exposed to 

dust from molding mixture, bentonite and 

carboplast (Group A) had significantly higher 

levels of the pro-inflammatory cytokine TNF-α 

compared to those of Group B, who were 

exposed to iron dust and synthetic abrasives, as 

well as compared to the control group. No 

significant difference in the level of TNF-α 
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was demonstrated between the control group 

and Group B of exposed workers. These results 

substantiate the role of crystalline silica for 

cytokine release from the activated 

macrophages. The mediation of TNF-α in 

quartz induced pulmonary fibrosis is the basis 

of a proposed treatment with specific anti-

TNF- antibodies for prevention and reduction 

of fibrosis (34). 

 

Comparing levels of TNF-α in smokers and 

non-smokers from the respective groups 

surveyed, the highest levels were found in 

smokers from Group A. These data correspond 

to those reported by F. Petrescu et al., 2010, 

who found that higher levels of TNF-α in 

healthy smokers than healthy non-smokers, 

which could be used as a biomarker for the risk 

of pulmonary diseases (35). Elevated levels of 

TNF-α in smokers compared to non-smokers 

in the two groups are probably in conjunction 

with the synergistic effect of dust particles and 

cigarette smoke and determines the increased 

risk of lung fibrosis when exposed to dust and 

cigarette smoke. 

 

No significant difference was recorded in the 

mean values of the spirometric parameters in 

both exposed groups.  There is a tendency for 

lower levels in exposed Group A compared to 

Group B for all spirometric parameters - 

FEV1, FVC, FEV1/FVC and PEF. 

Relationship between airflow restriction and 

TNF-α is shown in a study of T.H. Jorna et al., 

1994, which report an increased release of 

TNF-α in subjects with FEV <80% (36). 

Similar results observed J.S. Lee et al., 2010: 

average values of TNF-α were significantly 

higher in subjects with FEV1 <80% compared 

to those in FEV1> 80% (23). The absence of 

significant differences in the spirometric 

parameters may be due to the fact that we 

studied clinically healthy people without 

registered respiratory diseases or functional 

deficits and abnormalities in spirometric 

testing. 

 

The results of this study confirm the possibility 

that TNF-α can be used as an early biomarker 

for estimation of free crystalline silica 

exposure and effect, and as s forecast for the 

development of a fibrotic process in the lungs 

and onset of disease. Recording changes in this 

biomarker’s levels in certain groups of workers 

could be used in planning and evaluation of 

measures to reduce dust exposure in various 

industries as well as to identify individuals at 

higher risk of developing silicosis.  
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