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Abstract
Cytokines are important for playing a major role in several inflammatory reactions resulting in development of several diseases as well as
Coal Worker’s Pneumoconiosis (CWP). Coal dust exposure stimulates
inﬂammatory response leading to enhanced cytokine release from
monocytes such as TNF-alpha and IL1. These released cytokines are
the key points in the pathogenesis of CWP. The present study aimed
to seek the cytokine gene profiles of Turkish coal workers by genotyping and phenotyping analysis of important CWP-related proinflammatory cytokines; TNF-alpha, IL1-alpha and IL1-beta. According to the genotyping results, TNFA –238 gene polymorphism was
appeared to be a risk factor in development of CWP (OR=3.79) and
regarding to the phenotyping analysis, both TNF-alpha and IL1 cytokine releases from the monocytes in CWP patients were enhanced
signiﬁcantly compared to the healthy workers. Therewithal, LPS and
coal dust stimulated TNF-alpha release were higher signiﬁcantly in
allele 2 carriers than allele 1 carriers in both of the groups. These data
propose that coal dust-induced TNF-alpha release from monocytes
may be a valuable biomarker of CWP.

Introduction

Similarly to several developing countries, coal mining is still
important in Turkey contrary to the shutdown of many coal
mines in developed countries. Due to the official data of the Turkey Hard Coal Enterprise, in 2015 there were 17,014 registered
coal miners in whole country (Turkey Hard Coal Enterprise,
2016).

Coal worker’s pneumoconiosis (CWP) is an occupational lung
disease signalized by fibrotic nodular lesions following the inhalation of coal dust. CWP is defined as the accumulation of the coal
dust in lungs and the tissue’s reaction to its presence (Morgan
and Seaton, 1975). Cytokines are crucial mediators of toxic and
pathogenic effects seen in mineral dust exposure of humans and
playing a major role in several important biological processes
particularly in inflammation and immune response (Schins and
Borm, 1999). TNF-alpha and IL1 cytokines are called as proinSymbiosis Group

flammatory cytokines and their key roles in CWP and silicosis
development are endorsed by plenty of experimental researches
(Zhai et al., 1998; Corbett et al., 2002; Nadif et al., 2003; Fan et
al., 2010; Lee et al., 2010; Li et al., 2011, Wang et al., 2012; Kurniawidjaja 2014; Jiang PR et al., 2015). Latest studies have shown
an association of TNF alpha gene polymorphisms with sensitivity
to lung diseases including asthma, chronic bronchitis and fibrosing alveolitis (Huang et al., 1997; Whyte et al., 2000, Witte et al.,
2002; Mukhopadhyay S et al., 2006; Yang et al., 2015; Makamure
et al., 2016).
Because cytokines are key regulators of homeostatic mechanisms, possible variations in their levels or their structures may
be related with the disease process (Ollier, 2004). The polymorphism commonly originates as a Single Nucleotide Polymorphism (SNP) in the network of cytokines and a vast number of
SNPs have been recognized in regulatory regions of genes acting on their synthesis or degradation rates. Epidemiological researches have indicated that both pro- and anti-inflammatory
cytokine SNPs are related with immune-mediated diseases (Zhai
et al., 1998; Francis et al., 1999; Franceschi et al., 2001; Yucesoy
et al., 2001; Kim et al., 2002; Ohtsuka et al., 2002; Yucesoy et al.,
2005; Jonth et al., 2007; Fan et al., 2010; Li et al., 2011; Wang et
al., 2012; Makamure et al., 2016).

Subsequent to coal dust exposure, lung tissue responds by
starting three types of phenomena: an accumulation and activation of inﬂammatory cells in lower respiratory tract, ﬁbroblast
proliferation and an increased synthesis of extracellular matrix components (Vanhee et al., 1995). Macrophage-derived cytokines are the key points in coal dust inflammation. Presence
of persistent stimulus and chronic release of cytokines may conclude in autoimmune and inflammatory diseases as well as CWP
or silicosis. Recent records have displayed that following the coal
dust exposure of alveolar macrophages, a significant release of
TNF-alpha and IL1 from blood monocytes occurs (Lasalle et al.,
1990; Jorna et al., 1994; Zhai et al., 1998; Kim et al., 1999; Borm
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and Schins, 2001; Wang et al., 2005; Zhang et al., 2015).

Several researches have pointed out that TNF-alpha release
from blood monocytes differentiates coal workers with respiratory and pulmonary effects of coal dust (Jorna et al., 1994; Zhai
et al., 1998). According to the data of these studies, release of
monocytes TNF-alpha is a valid means to CWP prognosis beneath
history and X-rays when carefully applied. Comprehension of the
underlying mechanisms of the CWP aetiology was fundamental
in offering numerous biomarkers evaluated to appraise the effects following exposure to coal dust. Human studies exhibited
some of these offered biomarkers for CWP including TNF-alpha
released from monocytes and TNF-alpha polymorphism (blood
cellular DNA) and also they were defined as biomarkers of sensitivity (Gulumian et al., 2006).
In this study, we aimed to follow two assumptions: First, CWPassociated pro-inflammatory cytokines (TNF-alpha, IL1-alpha
and IL1-beta) gene polymorphisms related with CWP in a group
of Turkish coal workers. Second, these gene polymorphisms have
an important role on the release of these cytokines from blood
monocytes due to the coal dust exposure in homozygous and minor variant allele carriers. To check over these assumptions; we
gathered coal workers having a heavy dust exposure background
and searched the stated cytokines releases from blood monocytes by genotyping and phenotyping analyses.

Materials and Methods

All the individuals were gathered from Kozlu/Zonguldak
region of Turkey where coal is densely mined. For genotyping
analyses, subjects were categorized into two groups: 67 retired
coal worker with CWP as patients and 92 workers without any
CWP evidence as controls. All active coal workers were chosen
from the mining part of the mine (except the coal face or stope)
having a mean coal dust exposure (0.07-1.25 mg/m3 respirable
coal dust fraction). Mean coal chemical properties of Kozlu mines
were as follows: 55% carbon, 28% volatile substances, 10% ash,
7% moisture and also about 47% of the ash came out of crystalline silica. After defining the genotype profiles of the all individuals, their profiles were inspected cautiously for studied
cytokine gene polymorphisms. Patients frequently (at least 3 of
the 5) bearing 1/2+2/2 or 2/2 alleles (n=19) and healthy workers frequently (at least 3 of the 5) bearing homozygous 1/1 allele (n=19) a total of 38 subjects were chosen among the study
groups to consider the possible effects of gene polymorphisms on
the release of the studied cytokines from blood monocytes. All of
the subjects belonging to study groups replied a brief questionnaire providing information about past medical and occupational
background, smoking, lifestyle and drug usage. Informed consent
was achieved from all individuals in consonant to the Helsinki
declaration (1983) of the World Medical Association. We had approval of the Ankara University Faculty of Medicine Ethic Committee for this scientific research and posses informed consents
of all persons involved in the study.
DNA preparation and genotyping

10 ml whole bloods of all studied individuals were collected
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by venipuncture in tubes containing heparin. Afterwards, DNA
isolation were performed by Promega Wizard Genomic DNA Purification kit due to the manufacturer’s instructions and all the
DNA samples were stored at -200C till analyses. Genotyping of
TNF-alpha -308G/A, TNF-alpha -238G/A, IL1-alpha +4845C/T
and IL1-beta +3953C/T gene polymorphisms were carried
out using a Polymerase Chain Reaction-Restriction Fragment
Length Polymorphism (PCR-RFLP) method due to the formerly
mentioned protocols with minor modifications from Ates et al.,
(2008). PCR reaction products were departed by gel electrophoresis on a 10% polyacrilamide-TBE gel at 200 V for 40 min
and then viewed via an UV illumination following staining with
ethidium bromide solution.
Monocyte isolation and measurement of cytokine release

The isolation of monocytes from the peripheral blood was
performed due to the technique of Strober (1994). The cytokine
release levels from adherent monocytes supernatants (5 x 106)
were calculated by Enzyme-linked Immunosorbent Assay (ELISA) without a stimulant (spontaneous) or afterwards 18 h of incubation with coal dust (5 mg/ml) and LPS (1000 ng/ml) at 370C
and 5% CO2.
Statistical analysis

For whole of the statistical analyses, we exerted the version
no 15 of the SPPS programme (SPSS Inc., Chicago, IL, USA). Possible significant associations between polymorphic variants and
disease situation were commentated by χ2 test and Fischer exact
test where suitable. The χ2 test was performed to check against
allele and genotype frequencies between controls and cases.
Odds ratios (OR) and incorporated 95% Confidence Intervals
(CI) were evaluated by logistic regression. A p-value <0.05 was
regarded as significant.

Results

(Table 1) demonstrates the demographic output of all the
studied individuals. No interactions were obtained between
the CWP and the parameters of age and smoking following the
multiple linear regression method. On the other hand, work
period was found to be associated with the development of the
disease.

(Table 2) indicates the distribution of TNF-alpha and IL1
genotypes. Whole SNPs in both controls and cases were in
the Hardy-Weinberg equilibrium. Entire risk of disease was
significantly higher only with TNF-alpha (-238) variant (OR=
3.79, 95% CI: 1.37-10.46). In regards of TNF-alpha (-308)
variant, an enhancement risk for CWP was observed however it
was not significant (OR= 1.37: 95% CI, 0.73-2.58). No significant
relationship was seen between neither the IL1-alpha nor IL1beta variants with CWP.
(Table 3) represents the allelic distribution of the group of
CWP patients matched with controls. The development of the
disease was ascended in allele 2 carriers than the ones hauling
allele 1. The basal, the LPS and the coal dust-caused cytokine
release were seized up for appraising the in vitro cytokine release
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from the blood lymphocytes. As obviously seen from the data
given in Table 4, there was a significant association between the
patients hauling allele 2 compared to those of controls (p< 0.05).

In (Table 4), TNF-alpha and IL1 cytokine releases from blood
monocytes of controls and CWP patients were demonstrated. The
release order of studied cytokines was as spontaneous <coal dustinduced <LPS-induced. The release of these cytokines in CWP
patients were significantly enhanced in contrast to the controls.
Conversely, the coal dust-induced release of TNF-alpha in allele
Table 1: The demographic data of the subjects
Control
group
No. of subjects
92
No. of subjects with simple
pneumoconiosis (SP)
No. of subjects with progressive massive fibrosis (PMF)
48.75 ± 5.21
Age (± S.E)
Work period (year) (± S.E)
13.21 ± 6.93a
Smoking status (%)
Yes
49 (%53.3)
Ex-smoker
29 (%31.5)
No
14 (%15.2)
a
P<0.05 compared with CWP patients

46 (%68.7)
21 (%31.3)

TNFA (-308)

-

TNFA (-238)

Control
n (%)

CWP
patients
n (%)

1/1 alleles

47 (51.1)

29 (43.3) 86 (93.5)

OR* (CI)

1.00

1/1 alleles

62 (67.4)

OR* (CI)

1.00

1/2 + 2/2 alleles 45 (48.9)

38 (56.7)

1.37 (0.732.58)

IL1A (+4845)

1/2 + 2/2 alleles 30 (32.6)

Control
n (%)

6 (6.5)
1.00

44 (65.7) 18 (19.6)
23 (34.3) 74 (80.4)

1.08 (0.552.10)

1.00

CWP patients
n (%)
53 (79.1)
14 (20.9)

3.79 (1.37-10.46)a
IL1B (+3953)
14 (20.9)
53 (79.1)

0.92 (0.42-2.01)

P<0,001 compared with controls, * Odds ratios (OR) and associated
95% confidence intervals (CI)
a

Table 3: Allelic distribution of patient group matching with controls
Control
group

Allele Freq.
(%)

CWP
patients

Healthy workers
Allele 1 carriers
(n=11)
Allele 2 carriers
(n=8)
CWP patients

Unstimulated

Coal dust (5
mg/ml)

LPS (1.000 ng/
ml)

1.23 (0.11)

3.87 (1.55)

4.75 (1.89)

4.51 (1.23)

10.29 (2.24)

13.75 (4.77)

1.26 (0.14)

4.97 (1.44)

5.52 (1.97)a

13.52 (3.85)a

8.04 (2.26)b

21.84 (5.11)b

Healthy workers

Table 2: The genotypic distribution of TNF-alpha and IL1.
Genotypes

Monocyte TNF-alpha release (ng/ml)*

Monocyte IL1-alpha release (ng/ml)*

41
26
58.60 ± 4.41
22.39 ± 6.05

Table 4: In vitro release of TNF-alpha from monocytes induced by LPS
and coal dust among 19 healthy workers and 19 CWP patients

Allele 1 carriers
(n=7)
Allele 2 carriers
(n=12)

CWP
Patients
67
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Allele Freq. (%)

Allele 1
11
71.1
7
45.9
carriers*
Allele 2
8
28.9
12
54.1a
carriers*
19
100
19
100
Total
a
significantly different from the allele 2 carriers in control group, p < 0.05
* individuals bearing 1/1 or 1/2 were grouped as allele 1 carriers,
patients bearing 1/2 or 2/2 were grouped as allele 2 carriers

Allele 1 carriers
(n=11)
Allele 2 carriers
(n=8)
CWP patients

Allele 1 carriers
(n=7)
Allele 2 carriers
(n=12)

0.41 (0.19)

1.17 (0.57)

2.09 (1.42)

2.51 (1.12)

5.62 (1.79)

7.81 (2.87)

0.59 (0.23)

4.82 (2.27)

1.34 (0.63)

7.05 (3.06)

Monocyte IL1-alpha release (ng/ml)*

2.51 (1.71)

9.86 (3.88)

Healthy workers
Allele 1 carriers
(n=11)
Allele 2 carriers
(n=8)
CWP patients

0.55 (0.23)
0.89 (0.51)

1.59 (0.74)
1.80 (0.97)

2.01 (0.94)
2.73 (1.15)

Allele 1 carriers
3.25 (1.23)
5.59 (2.01)
6.72 (2.65)
(n=7)
Allele 2 carriers Allele 2 carriers
7.49 (2.63)
8.73 (3.23)
(n=12)
(n=12)
*Values are mean and standard errors (in parenthesis)
a significantly differenat from the allele 1 carriers. p <0.05 and b p
<0.001 (Student t-test)

2 carriers was significantly increased compared to those hauling
allele 1 in both study groups. In despite of an increase of the IL1
cytokines release in allele 2 carriers in all subjects, no significant
distinction was observed. Smoking was also considered as a
confounding factor but no relationship was found of the possible
effects of smoking on the release of cytokines.

Discussion

In this research, we gathered a group of coal workers
with CWP who had a common history to heavy dust exposure.
According to the data, we sighted significantly higher allele
frequencies of -238A in patients contrast to controls. Moreover, it
seems that TNF-alpha is an important parameter in development
of CWP more than IL1. TNF-alpha -238A variant should be kept in
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mind as a risk parameter in development of the disease and there
is an enhancing effect of TNF-alpha cytokine gene polymorphism
on release of it from the blood monocytes.

Even though its pathophysiological mechanisms have not
been fully identified, coal dust has been known as the most
important factor for the development of CWP. Chronic diseases
induced by inflammation including CWP are multi-factorial ones
directly affected by both genetic and environmental parameters.
Polymorphisms such as genetic factors can switch the size or
severity of the disease. In regards to this, SNPs are important
affecting the amount of inflammatory cytokines which have
been related with too many different chronic inflammatory and
autoimmune diseases (Zhai et al., 1998; Franceschi et al., 2001;
Yucesoy et al., 2001; Ates et al., 2008; Wang et al., 2012; Yang et
al., 2015; Makamure et al., 2016).
TNF-alpha is an major cytokine relative to CWP’s
inflammatory and fibrotic processes (Schins and Borm,
1999). Variations at -238 and -308 have been suggested to be
responsible for the modification of TNF-alpha production (Fan
et al., 2010). A relationship between -308 variant and CWP in
Europeans (Zhai et al., 1998), in South Africans (Corbett et al.,
2002), in Japans (Wang et al., 2005) and in Chinese (Fan et al.,
2010) has been observed. In these researches, the possible effect
of TNF-alpha -238 variant was also studied and due do the data,
only Corbett et al., (2002) and Ates et al., (2008) have obtained
distinct relationship between this variant with the development
of CWP. In respect to our research, according to the genotyping
data, we found -238 variant to be a powerful risk factor for
CWP. On the contrary, we observed an enhancement risk factor
for -308 variant in patients compared to controls but it was not
significant.

IL-1 is one of the most studied proinflammatory cytokines as
similar as TNF-alpha. There are many researches related with the
possible effects of IL1 gene polymorphisms on several pulmonary
and autoimmune diseases except CWP. In our study, we did not
observe any significant relationship with IL1-alpha variants
and the development of CWP. For each polymorphism, the odds
ratio of disease and associated 95% confidence intervals for
individuals carrying alleles 2 were reported for the CWP patients,
using logistic regression models with adjustment for age, years of
exposure and smoking.
Latest in vitro release researches have indicated that proinflammatory cytokine levels of TNF-alpha and IL1 were
triggered in CWP (Schins and Borm, 1995; Zhai et al., 1998; Kim
et al., 1999). According to our data, we found an enhanced release
of TNF-alpha from blood monocytes after coal dust and LPS
stimulation in contrast to spontaneous release in both controls
and patients. The level of released TNF-alpha was significantly
increased in allele 2 carriers than allele 1 hauliers. These results
are alike to the data of Zhai and co-workers (1998) and Kim and
co-workers (2002). On the other hand, even though there was
a triggering effect in the release of IL1-alpha and IL1-beta, no
significant differences were found between both allele1 and 2
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hauliers. It was obviously observed that in patients, the levels of
cytokine release from monocytes were about 3-4 fold higher than
controls. These findings indicate an association between coal
dust exposure and cytokine releases in the development of CWP.

In this study, smoking did not point out any significant
contribution to the development of CWP.

Due to the limited sample size of the studied groups, we need
to comment these findings cautiously as precursors. Further
researches performed with sufficient “n” number are needed to
verify these results.

In conclusion, due to our genotyping findings, TNFA –238
gene polymorphism was appeared to be a risk factor in development of CWP (OR=3.79) and regarding to the phenotyping analysis, both TNF-alpha and IL1 cytokine releases from the monocytes in CWP patients were enhanced signiﬁcantly compared to
the healthy workers. Therewithal, LPS and coal dust stimulated
TNF-alpha release were higher signiﬁcantly in allele 2 carriers
than allele 1 carriers in both of the groups. These data propose
that coal dust-induced TNF-alpha release from monocytes may
be a valuable biomarker of CWP. Further intended comprehensive researches with a vast number of individuals should be performed to illuminate the underlying mechanisms and possible
effects of these cytokine gene polymorphisms.
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