TIN

Toxicology and Industrial Health
29(9) 830-837

© The Author(s) 2012

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0748233712445048
tih.sagepub.com

®SAGE

Article

Interleukin-18, interleukin-8, and
CXCR2 and the risk of silicosis

Iraj Mohebbi', Isa Abdi Rad? and Morteza Bagheri®

Abstract

Molecular mechanisms in the pathogenesis of silicosis are not fully understood. Exposure to crystalline silica
leads to the activation of signaling pathways controlling the production and secretion of inflammatory med-
iators. Inflammatory cytokines are noted as important candidate genes for fibrotic lung diseases. Cytokines,
chemokines, and variations of their genes have been associated with upregulation or downregulation of chronic
inflammatory mediators. Variations in the interleukin (IL)-18, IL-8 and chemokine receptor CXCR2 genes are
believed to influence the risk of silicosis in stone-grinding factory workers in Iran. Allele-specific oligonucleo-
tide polymerase chain reaction (PCR) procedure was carried out for IL-18 — 137 and IL-18 —607, meanwhile
touchdown PCR was performed for IL-8 —251 and CXCR2 + 1208 genotyping. Variation in genotypic and alle-
lic frequencies was not statistically different among cases versus controls (p > 0.05). These findings indicated
for the first time that IL-18 —137, IL-18 —607, IL-8 —251, and CXCR2 +1208 are suggested not to influence

the risk of silicosis in tested occupational group.
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Introduction

Silicosis is defined as lung disease that is caused by
crystalline silica inhalation (Yucesoy and Luster,
2007). Chronic inflammation within the pulmonary
system resulting in severe fibrotic changes in lungs
(Wynn, 2008; Yucesoy and Luster, 2007) is a fatal,
irreversible condition and is more common among
occupational groups such as the workers of quarry and
stone-grinding factories, miners, and sand blasters
(Valiante et al., 2004; Wynn, 2008; Yucesoy and
Luster, 2007). The pathobiological mechanism for
silicosis is not elucidated completely, but it is under-
stood that the silicosis is triggered when macrophages
of alveoli in pulmonary system phagocytize silica and
dust-related particles in order to remove them from
the pulmonary system (Dubois et al., 1989; Hamilton
et al., 2008). Subsequently, alveolar macrophages
may be injured. Those macrophages containing silica
or dust-related particles die and then release men-
tioned components in alveoli. In alveoli, rephagocyti-
zation of silica and dust-related particles via other
alveolar macrophages corresponds to excess injuries
(Fubini and Hubbard, 2003). This complex process
is accompanied by a cascade of trafficking and

chemotaxi of neutrophils and lymphocytes to the sites
of injury and consequently resulting in chronic silico-
sis (Fubini and Hubbard, 2003; Gulumian et al., 2006;
Huaux, 2007; Miller et al., 1990). Silica and dust-
related particles stimulate alveolar macrophages to
release tumor necrosis factor-o (TNF-o), interleukin
(IL)-1p, reactive oxygen species, reactive nitrogen
species, and extra free radicals (Greenberg et al.,
2007; Miller et al., 2012; Schmidt et al., 1984).
Silica-stimulated monocytes release fibroblast prolif-
eration factors identical to IL-1 (Schmidt et al., 1984).
Inflammatory cytokines are noted as important candi-
date genes for fibrotic lung diseases. Recent studies
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have demonstrated that the variations in ethnicity,
cytokines, and chemokines have been associated with
wide range of human diseases such as sarcoidosis,
scleroderma, and severe silicosis (Hollegaard and
Bidwell, 2006; Luther and Cyster, 2001; Tangirala
etal., 1997; Yamagami et al., 2004). Results of recent
studies showed that the highly upregulated genes are
CCL2, CXCLS (IL-8), IL-6, and CXCL?2 with sti-
mulation by proinflammatory cytokines (Yamagami
et al., 2003) and indicate that the amount of downre-
gulated genes were smaller than upregulated genes
(Yamagami et al., 2003). CCR?2 is mentioned as the
most downregulated gene (Yucesoy et al., 2002). The
level of CCR2 expression has been shown to be down-
regulated with the proinflammatory cytokines as well
as CCL2 (Corbett et al., 2002). Large bodies of stud-
ies imply that the overexpression of IL-1f and TNF-a
cytokines are associated with silicosis (Corbett et al.,
2002; Kim et al., 2002; Nadif et al., 2006; Yucesoy et
al., 2001a,b, 2002; Zhai et al., 1998; Zhang et al.,
1993). In this study, we analyzed whether biallelic
variation in the IL-8 (—251), IL-18 (—607 and
—137), and CXCR2 (+1208) genes, which alter pro-
moter strength, were associated with the risk of silico-
sis in an occupational group (stone-grinding factory
workers) in Iran.

Materials and methods

All steps and procedures of present investigation were
approved by the ethical committee of Urmia Univer-
sity of Medical Sciences. Individuals were selected
from a stone-grinding factory based on cases-control
study that is conducted in the Occupational Medicine
Center, Urmia University of Medical Sciences,
Urmia, Iran. Inclusion and exclusion criteria were
described previously by Mohebbi et al. (2010),
Mohebbi and Abdi Rad (2007), Mohebbi et al.
(2007), Mohebbi and Zubeyri (2007), Mohebbi et al.
(2011) and according to the International Labor
Office standards (International Labor Office, 1981,
2002). A total of 45 healthy volunteer controls and
45 patients with silicosis were entered at the study. All
contributors were West Azarbaijani males and Ira-
nian. Tested groups were matched for race, geogra-
phical region, work place, and history of exposure
to occupational silica dust. Cases and controls with
any confounding factors, such as history of systemic
diseases (systemic lupus erythematosus and rheuma-
toid arthritis) and disorders in physical tests, and also
by considering medical and familial history were

excluded from study. Controls were healthy subjects
with similar history of occupational silica dust expo-
sure without any radiographic and respiratory func-
tional findings in medical examinations regarding
disease development. Information regarding impor-
tant confounding factors was collected via detailed
questionnaire by occupational medicine specialist.

With informed consent, approximately 2-3 mL of
blood samples were collected into the EDTA-
containing tubes and stored at —20°C until genomic
DNA extraction. The genomic DNA was extracted
by a standard method as described by Miller et al.
(1988).

IL-18 —137

Common primer: 5-AGGAGGGCAAAATGCACTG
G-3'; G allele primer: 5-CCCCAACTTTTACGGAA
GAAAAG-3'; and C allele primer: 5'-CCCCAACTT
TTACGGAAGAAAAC-3'.

Allele-specific oligonucleotide polymerase chain
reaction (PCR) procedure was carried out for 2 min
at 94°C, 20 s at 94°C, 60 s at 68°C, and 40 s at
72°C (five cycles) and 20 s at 94°C, 20 s at 62°C, and
40 s at 72°C (25 cycles) (Naeimi et al., 2006).

IL-18 —607

Common primer: 5-TAACCTCATTCAGGACTTC
C-3’; C allele specific primer: 5-GTTGCAGAAAG
TGTAAAAATTATTAC-3’; and A allele specific pri-
mer: 5-GTTGCAGAAAGTGTAAAAATTATTAA-
3’. Allele-specific oligonucleotide PCR procedure
was carried out for 2 min at 94°C, 20 s at 94°C,
40 s at 64°C, and 40 s at 72°C (seven cycles) and
20sat94°C,40sat 57°C, and 40 s at 72°C (25 cycles)
(Naeimi et al., 2006).

IL-8 —251

Common primer: 5'-TGCCCCTTCACTCTGTTAAC-
3'; A allele specific primer: 5'-CCACAATTTGGTGA
ATTATCAAT-3'; and T allele specific primer: 5'-
CCACAATTTGGTGAATTATCAAA-3.

A touchdown PCR procedure was carried out for
25 s at 95°C, 45 s at decreasing from 68°C for four
cycles to 61°C for 20 cycles, and extension of 40 s
at 72°C, annealing of 40 s at 58°C for five cycles, and
extension of 40 s at 72°C. Finally, the annealing step
for the remaining five cycles was carried out for 40 s
at 58°C (Morris et al., 1992).
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Figure |. Detection of IL-18 —607 SNPs by ASO-PCR in
four samples (eight alleles). Lane marker: a 50-bp DNA lad-
der. Presence orabsence ofa | 96-bp fragment representative
for A or C allele. Samplel: heterozygote for A and C alleles
(AC); samples 2 and 3: homozygote for C allele (CC); sample
4: homozygote for A allele (AA). SNP: single-nucleotide poly-
morphism; ASO-PCR: allele-specific  oligonucleotide-
polymerase chain reaction; IL-18: interleukin-18.

marker

Figure 2. Detection of IL-18 —137 SNPs by ASO-PCR in
two samples (four alleles). Lane marker: a 50-bp DNA lad-
der. Presence or absence of a 26 | -bp fragment representa-
tive for C or G allele. Samplel: homozygote for G allele
(GG); sample 2: heterozygote for C and G alleles (CG).
SNP: single-nucleotide polymorphism; ASO-PCR: allele-
specific oligonucleotide-polymerase chain reaction; IL-18:
interleukin-18.

CXCR2 +1208

Common primer: 5-GTCTTGTGAATAAGCTGC-
TATGA-3'; C allele specific primer: 5'-CCATTG
TGGTCACAGGAAGC-3'; T allele specific primer:
5'-CCATTGTGGTCACAGGAAGT-3'. A touchdown
PCR procedure was carried out for 25 s at 95°C, 45 s
at decreasing from 70°C for four cycles to 65°C for 20
cycles, and extension of 40 s at 72°C, annealing of
40 s at 55°C for five cycles, and extension of 40 s at
72°C (Renzoni et al., 2000).

The amplified PCR products were then visualized
and analyzed using 2% agarose gel electrophoresis
that is stained with ethidium bromide. All statistical

marker 1

Figure 3. Detection of IL-8 —25] SNPs by ASO-PCR in
three samples (six alleles). Lane marker:a 50-bp DNA ladder.
Presence or absence of a 336-bp fragment representative for
AorTallele. Sample |: homozygote for T allele (TT); sample 2:
homozygote for A allele (AA); sample 3: heterozygote for A
and T alleles (AT). SNP: single-nucleotide polymorphism;
ASO-PCR: allele-specific oligonucleotide-polymerase chain
reaction; |L-18: interleukin-18.

analyses were carried out by the SPSS ver. 16.0 and
Microsoft Excel 2007. Allelic and genotypic fre-
quencies were computed by direct counting. A com-
parison was made between cases and controls using
X~ test or Fisher’s exact test regarding IL-18 —607,
IL-18 —137, IL-8 —251, and CXCR2 +1208. To
minimize the genotypic errors rate and therefore
improve data quality, the expected genotype frequen-
cies were calculated and then compared with those of
observed genotype frequencies (Hardy-Weinberg equi-
librium (HWE)). The x? and p value, the odds ratio
(OR), and 95% confidence interval (CI) were calcu-
lated for statistic analysis. Two-sided tests (¢ = 0.10)
with power analysis (1-f) of 70% for a minimum sam-
ple size of 37 was performed and p < 0.05 was noted as
statistically significant.

Results

A total of 90 males including 45 patients with silicosis
and 45 healthy controls were enrolled in the study.
Allelic and genotypic frequencies were compared by
x* test and confirmed for the examination of their fit-
ness to the HWE test for IL-18 —607, IL-18 —137, IL-
8 —251, and CXCR2 +1208. Representative images of
gel analysis are shown in Figures 1-4. The distributions
of all genotypes were fit to HWE in our tested groups:
IL-8 —251 (patients group: x> = 1.73 < 3.84,
p = 0419 > 0.05, T allele frequency = 0.53, A allele
frequency = 0.47; controls group: x> = 2.65 < 3.84,
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Figure 4. Detection of CXCR2 (+1208 C/T) SNPs by
ASO-PCR in four samples (eight alleles). Lane marker: a
50-bp DNA ladder. Presence or absence of a 627-bp frag-
ment representative for T or C allele. Sample |: heterozy-
gote for T and C alleles (TC); Sample 2: homozygote for T
allele (TT); sample 3: heterozygote for T and C alleles (TC);
sample 4: homozygote for C allele (CC). SNP: single-
nucleotide  polymorphism; ASO-PCR: allele-specific
oligonucleotide-polymerase chain reaction.
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Figure 5. Distribution of IL-18 —607 AA, AC, CC, A, and
C genotypes/alleles (%) in the present study.

p = 0.264 > 0.05, T allele frequency = 0.48, A allele
frequency = 0.52); IL-18 —607 (patients group:
x° = 3.67 < 384, p = 0.159 > 0.05, A allele
frequency = 0.53, C allele frequency = 0.47; controls
group: x> = 1.79 < 3.84, p = 0.408 > 0.05, A allele
frequency = 0.49, C allele frequency = 0.51); IL-18
—137 (patients group: x> = 106 < 3.84,
p = 0.587 > 0.05, G allele frequency = 0.87, C allele
frequency = 0.13; controls group: x> = 0.32 < 3.84,
p = 0.852 > 0.05, G allele frequency = 0.92, C allele
frequency = 0.08); CXCR2 +1208 (patients group:
x> = 130 < 3.84, p = 0521 > 0.05, T allele
frequency = 0.32, C allele frequency = 0.68; controls
group: x> = 0.06 < 3.84, p = 0.969 > 0.05, T allele
frequency = 0.31, C allele frequency = 0.69).
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Figure 6. Distribution of IL-18 — 137 GG, GC, CC, G, and
C genotypes/alleles (%) in the present study.
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Figure 7. Distribution of IL-8 —251 TT, AT, AA, T, and A
genotypes/alleles (%) in the present study.
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Figure 8. Distribution of CXCR2 +1208 TT, TC, CC, T,
and C genotypes/alleles (%) in the present study.

Distribution of studied genotypes and alleles in the pres-
ent study are indicated in Figures 5-8. The frequencies
of IL-8 —251, IL-18 —607, IL 18 —137, and CXCR2
41208 genotypes/alleles in healthy males (controls)
and cases as well as the results of a comparison between
the mentioned groups are reported in Table 1. Variation
in genotypic and allelic frequencies was not statistically
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Table 1. The frequencies of IL-18 —607, IL-18 —137, IL-8 —251, and CXCR2 + 1208 genotypes/alleles in healthy males
(controls) and patients with silicosis and a comparison between cases versus controls.

SNPs Genotypes/alleles  Cases F (F%)  Controls F (F%) OR (95% ClI) X p Value
IL-8 —251 TT 15 (33.3) 13 (28.9) 1.2308 (0.503-3.01) 0.207  0.6488
AT 18 (40) 17 (37.8) 1.098 (0.47-2.564) 0.047 0.8288
AA 12 (26.7) 15(33.3) 0.7273 (0.294-1.799) 0476  0.4902
T 48 (53.3) 43 (47.8) 1.2492 (0.696-2.243)  0.556 0.456
A 42 (46.7) 47 (52.2) 0.8005 (0.446—-1.437)  0.556 0.456
IL-18 —607 AA 16 (35.6) 13 (37.1) 0.934 (0.373-2.338)  0.021 0.884
AC 16 (35.6) 18 (40) 0.828 (0.353-1.943)  0.189 0.664
CcC 13 (28.9) 14 (31.1) 0.9 (0.365-2.217)  0.053 0.818
A 48 (53.3) 44 (48.9) [.195 (0.666-2.145)  0.356 0.551
Cc 42 (46.7) 46 (51.1) 0.837 (0.466—1.502)  0.356 0.551
IL-18 —137° GG 33 (73.3) 38 (84.4) 0.507 (0.179-1.437)  1.668 0.197
GC 12 (26.7) 7 (15.6) 1.974 (0.696-5.598)  1.668 0.197
G 78 (86.7) 83 (92.2) 0.548 (0.205-1.464) 1.471 0.225
Cc 12 (13.3) 7 (7.78) 1.824 (0.683—4.871) 1.471 0.225
CXCR2 +1208 TT 3 (6.67) 4 (8.89) 0.732 (0.154-3.476)  0.155 0.694
TC 23 (51.1) 20 (44.4) 1.307 (0.57-2.994) 0.401 0.527
CC 19 (42.2) 21 (46.7) 0.835 (0.363-1.92) 0.18 0.671
T 29 (32.2) 28 (31.1) 1.053 (0.562—-1.973)  0.026 0.873
C 61 (67.8) 62 (68.9) 0.95 (0.507-1.78) 0.026 0.873

SNP: single-nucleotide polymorphism; IL-18: interleukin-18; F: frequency; OR: odds ratio; Cl: confidence interval.
®IL-18 —137 CC genotype was not found in our cases and controls.

different among cases versus controls (OR (95% CI),
x* value, and p value are reported in Table 1).

Discussion

Biallelic variations have been identified within the
promoter region or other regulatory sequences of
cytokines, chemokines, and chemokine receptors
genes that greatly influence the strength of the promo-
ter cause to mediate transcription and expression
(Yucesoy et al., 2001; Yucesoy and Luster, 2007;
Zhai et al., 1998). It has been demonstrated that the
interactions of gene—environmental factors such as
cytokine/chemokine genetic variations play an impor-
tant role in silicosis (Yucesoy et al., 2001; Yucesoy
and Luster, 2007; Zhai et al., 1998).

IL-18, a pleiotropic contributor in chronic inflam-
mation (Mclnnes et al., 2000), was defined as an inter-
feron-y inducing factor and belongs to the IL-1 family
(Ushio et al., 1996). IL-18 is produced by a wide vari-
ety of cells such as activated monocytes and macro-
phages, keratinocytes, adrenal cortex cells, intestinal
epithelial cells, microglial cells, synovial fibroblasts,
Kupffer’s cells, osteoblasts, and articular chondro-
cytes, dendritic cells, as well as pituitary gland
(Dinarello, 1999; Mclnnes et al., 2000; Ushio et al.,

1996). 1L-18 regulates both the innate and acquired
immunities and plays an important role in inflamma-
tion (Mclnnes et al., 2000). IL-18 has a unique func-
tion which differentiates either Thl or Th2 subsets
(Mclnnes et al., 2000). Synergistically, IL-18 and
IL-12 lead to an increased level of production of
TNF-o and IL-1 by macrophages (Nakahira et al.,
2002) and upregulates the expression of adhesive
molecules (Klein et al., 1999; Kohno et al., 1997,
Nakahira et al., 2002). Nitric oxide production
became induced in the site of chronic inflammation
(Klein et al., 1999; Kohno et al., 1997; Mclnnes et
al., 2000). Expression of IL-18 gene is regulated by
two single-nucleotide polymorphisms at positions
—607 and —137 in the promoter of the gene (Giedrai-
tis et al., 2001). In this report, significant associations
of IL-18 gene polymorphism (IL-18 —607 and —137)
with the risk of silicosis were not observed in tested
population. IL-8 is prominent for its function in
recruitment/activation of neutrophils during inflam-
matory responses, leukocytes trafficking to the central
nervous system, as well as development of central
nervous system, neuronal functions, and neuroim-
mune interactions (Bacon and Harrison, 2000; Danik
et al.,, 2003). Recent studies imply that IL-8 —251
T<A and its receptor CXCR2 +1208 T<C have been
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associated with human disease by different mechan-
isms such as infectious disease (Jiang et al., 2003;
Yamagami et al., 2004), prostate (McCarron et al.,
2002), and lung cancer (Yamagami et al., 2004). The
presence of A allele in the promoter sequence of IL-8
—251 has been associated with higher production of
IL-8 (in vitro) (Hull et al., 2000). The results of sev-
eral investigations indicating that CXCR2 -+1208
T<C has critical role in the risk of chronic inflamma-
tory disorders (Renzoni et al., 2000). The role of IL-8
—251 T<A and CXCR2 + 1208 T<C single-
nucleotide variation has been studied in human dis-
eases (Renzoni et al., 2000; Yamagami et al., 2004).
Our results indicate that the differences among the
cases and controls were not statistically different
regarding the allelic/genotypic frequencies of IL-8
—251 T<A and CXCR2 + 1208 T<C.

Therefore, these findings are reported for the first
time and showed that IL-8 (—251), IL-18 (—607 and
—137), and CXCR2 (+1208) have no role in patho-
genesis of silicosis in studied population. Results of
present investigation may be considered for designing
new studies with more details in the future. These
findings help us to increase our understanding of the
complex mechanism of silicosis pathogenesis. It has
been demonstrated that the information about the role
of environmental factors for silicosis is more than the
genes predisposing disease. Not only it is possible to
role out an independent role for a gene on pathogenesis
of silicosis but also another gene(s) or environmental
factors increase the risk of silicosis in different ethnic
groups. Based on our knowledge, the present article
is the first study in its kind and had some limitation
such as sample size. Although our sample size is small,
the present study is the first study and was well per-
formed. Study in larger groups with more details may
be carried out to validate these findings.

Conclusion

It can be concluded that based on the findings of the
present study, we failed to suggest that IL-8 (—251),
IL-18 (—607 and —137), and CXCR2 (41208) have
been associated with the risk of silicosis in an occupa-
tional group from Iran.

Authors’ Note

The Urmia University of Medical Sciences had no
role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Acknowledgements

The authors thank all participant and their families for their
contribution.

Funding

The Urmia University of Medical Sciences financially sup-
ported this study in the form of research project.

References

Bacon KB, Harrison JK (2000) Chemokines and their recep-
tors in neurobiology: perspectives in physiology and
homeostasis. Journal of Neuroimmunology 104(1):
92-97.

Corbett EL, Mozzato-Chamay N, Butterworth AE, De
Cock KM, Williams BG, Churchyard GJ, et al.
(2002) Polymorphisms in the tumor necrosis factor-
alpha gene promoter may predispose to severe silicosis
in black South African miners. American Journal of
Respiratory and Critical Care Medicine 165(5):
690-693.

Danik M, Puma C, Quirion R and Williams S (2003) Widely
expressed transcripts for chemokine receptor CXCR1 in
identified glutamatergic, gamma-aminobutyric acider-
gic, and cholinergic neurons and astrocytes of the rat
brain: a single-cell reverse transcription-multiplex poly-
merase chain reaction study. Journal of Neuroscience
Research T4(2): 286-295.

Dinarello CA (1999) Interleukin-18. Methods 19(1):
121-132.

Dubois CM, Bissonette E and Rola-Pleszczynski M (1989)
Asbestos fibers and silica particles stimulate rat alveolar
macrophages to release tumor necrosis factor. Autoregu-
latory role of leukotriene B4. American Review of
Respiratory Disease 139(5): 1257-1264.

Fubini B, Hubbard A (2003) Reactive oxygen species
(ROS) and reactive nitrogen species (RNS) generation
by silica in inflammation and fibrosis. Free Radical
Biology and Medicine 34(12): 1507-1516.

Giedraitis V, He B, Huang WX and Hillert J (2001) Clon-
ing and mutation analysis of the human IL-18 promo-
ter: a possible role of polymorphisms in expression
regulation. Journal of Neuroimmunology 112(1-2):
146-152.

Greenberg MI, Waksman J and Curtis J (2007) Silicosis: a
review. Disease Monitoring 53(8): 394-416.

Gulumian M, Borm PJ, Vallyathan V, Castranova V,
Donaldson K, Nelson G, et al. (2006) Mechanistically
identified suitable biomarkers of exposure, effect, and
susceptibility for silicosis and coal-worker’s pneumoco-
niosis: a comprehensive review. Journal of Toxicology



836

Toxicology and Industrial Health 29(9)

and Environmental Health Part B Critical Reviews 9(5):
357-39s.

Hamilton RF Jr, Thakur SA and Holian A (2008) Silica
binding and toxicity in alveolar macrophages. Free Rad-
ical Biology and Medicine 44(7): 1246—1258.

Hollegaard MV, Bidwell JL (2006) Cytokine gene poly-
morphism in human disease: on-line databases, Supple-
ment 3. Genes and Immunity 7(4): 269-276.

Huaux F (2007) New developments in the understanding of
immunology in silicosis. Current Opinion in Allergy
and Clinical Immunology 7(2): 168—-173.

Hull J, Thomson A and Kwiatkowski D (2000) Association
of respiratory syncytial virus bronchiolitis with the
interleukin 8 gene region in UK families. Thorax
55(12): 1023-1027.

International Labor Office (ILO) (1981) Classification of
radiographs of the pneumoconiosis. Medical Radiogra-
phy and Photography 57(1): 2—17.

International Labor Office (ILO) (2002) Guidelines for the
use of ILO International Classification of Radiographs
of Pneumoconiosis, Revised Edition 2000. Occupational
Safety and Health Series, 22. Geneva: International
Labour Office (ILO).

Jiang ZD, Okhuysen PC, Guo DC, He R, King TM, DuPont
HL, et al. (2003) Genetic susceptibility to enteroaggre-
gative Escherichia coli diarrhea: polymorphism in the
interleukin-8 promotor region. Journal of Infectious
Disease 188(4): 506-511.

Kim KA, Cho YY, Cho JS, Yang KH, Lee WK, Lee KH,
et al. (2002) Tumor necrosis factor-alpha gene promo-
ter polymorphism in coal workers’ pneumoconiosis.
Molecular and Cellular Biochemistry 234-235(1-2):
205-209.

Klein SA, Ottmann OG, Ballas K, Dobmeyer TS, Pape M,
Weidmann E, et al.(1999) Quantification of human
interleukin 18 mRNA expression by competitive reverse
transcriptase polymerase chain reaction. Cytokine 11(6):
451-458.

Kohno K, Kataoka J, Ohtsuki T, Suemoto Y, Okamoto I,
Usui M, et al. (1997) IFN-gamma-inducing factor (IGIF)
is a costimulatory factor on the activation of Th1 but not
Th2 cells and exerts its effect independently of IL-12. The
Journal of Immunology 158(4): 1541-1550.

Luther SA, Cyster JG (2001) Chemokines as regulators of T
cell differentiation. Nature Immunology 2(2): 102—-107.

McCarron SL, Edwards S, Evans PR, Gibbs R, Dearnaley
DP, Dowe A, et al. (2002) Influence of cytokine gene
polymorphisms on the development of prostate cancer.
Cancer Research 62(12): 3369-3372.

Mclnnes IB, Gracie JA, Leung BP, Wei XQ and Liew FY
(2000) Interleukin 18: a pleiotropic participant in

chronic
312-315.

Miller AL, Drake PL, Murphy NC, Noll JD and Volkwein
JC (2012) Evaluating portable infrared spectrometers
for measuring the silica content of coal dust. Journal
of Environmental Monitoring 14(1): 48-55.

Miller BE, Bakewell WE, Katyal SL, Singh G and Hook
GE (1990) Induction of surfactant protein (SP-A) bio-
synthesis and SP-A mRNA in activated type II cells dur-
ing acute silicosis in rats. American Journal of
Respiratory Cell and Molecular Biology 3(3): 217-226.

Miller SA, Dykes DD and Polesky HF (1988) A simple
salting out procedure for extracting DNA from human
nucleated cells. Nucleic Acids Research 16(3): 1215.

Mohebbi I, Rad TA (2007) Secondary spontaneous pneu-
mothorax in rapidly progressive forms of silicosis: char-
acterization of pulmonary function measurements and
clinical patterns. Toxicology and Industrial Health
23(3): 125-132.

Mohebbi I, Zubeyri T (2007) Radiological progression and
mortality among silica flour packers: a longitudinal
study. Inhalation Toxicology 19(12): 1011-1017.

Mohebbi I, Abdi Rad I and Bagheri M (2010) Association
of angiotensin-1-converting enzyme gene variations
with silicosis predisposition. Inhalation Toxicology
22(13): 1110-1115.

Mohebbi I, Hassani E, Salarilak S and Bahrami AR (2007)
Do bullae and emphysema increase risk of pneu-
mothorax in silicosis? Journal of Occupational Medi-
cine and Toxicology 2: 8.

Mohebbi I, Lameei A, Booshehri B, Aslanabadi N, Maa-
somi R and Dehghani M (2011) Pericardial plaque: a
unique complication of silicosis. Industrial Health
49(1): 122-125.

Morris SW, Nelson N, Valentine MB, Shapiro DN, Look
AT, Kozlosky CJ, et al. (1992) Assignment of the genes
encoding human interleukin-8 receptor types 1 and 2
and an interleukin-8 receptor pseudogene to chromo-
some 2q35. Genomics 14(3): 685-691.

Nadif R, Mintz M, Rivas-Fuentes S, Jedlicka A,
Lavergne E, Rodero M, et al. (2006) Polymorphisms
in chemokine and chemokine receptor genes and the
development of coal workers’ pneumoconiosis. Cyto-
kine 33(3): 171-178.

Naeimi S, Ghiam AF, Mojtahedi Z, Dehaghani AS, Amani
D and Ghaderi A (2006) Interleukin-18 gene promoter
polymorphisms and recurrent spontaneous abortion.
European Journal of Obstetrics and Gynecology and
Reproductive Biology 128(1-2): 5-9.

Nakahira M, Ahn HJ, Park WR, Gao P, Tomura M, Park CS,
et al. (2002) Synergy of IL-12 and IL-18 for [IFN-gamma

inflammation. Immunology Today 21(7):



Mohebbi et al.

837

gene expression: IL-12-induced STAT4 contributes to
IFN-gamma promoter activation by up-regulating the
binding activity of IL-18-induced activator protein 1. The
Journal of Immunology 168(3): 1146—1153.

Renzoni E, Lympany P, Sestini P, Pantelidis P, Wells A,
Black C, et al.(2000) Distribution of novel polymorph-
isms of the interleukin-8 and CXC receptor 1 and 2
genes in systemic sclerosis and cryptogenic fibrosing
alveolitis. Arthritis and Rheumatism 43(7): 1633—1640.

Schmidt JA, Oliver CN, Lepe-Zuniga JL, Green I and
Gery I (1984) Silica-stimulated monocytes release
fibroblast proliferation factors identical to interleukin
1. A potential role for interleukin 1 in the pathogen-
esis of silicosis. Journal of Clinical Investigation
73(5): 1462-1472.

Tangirala RK, Murao K and Quehenberger O (1997) Reg-
ulation of expression of the human monocyte chemotac-
tic protein-1 receptor (hCCR2) by cytokines. The
Journal of Biological Chemistry 272(12): 8050-8056.

Ushio S, Namba M, Okura T, Hattori K, Nukada Y, Akita
K, et al.(1996) Cloning of the cDNA for human IFN-
gamma-inducing factor, expression in Escherichia coli,
and studies on the biologic activities of the protein. The
Journal of Immunology 156(11): 4274-4279.

Valiante DJ, Schill DP, Rosenman KD and Socie E (2004)
Highway repair: a new silicosis threat. American Jour-
nal of Public Health 94(5): 876-880.

Wynn TA (2008) Cellular and molecular mechanisms of
fibrosis. The Journal of Pathology 214(2): 199-210.
Yamagami H, Yamagami S, Inoki T, Amano S and Miyata
K (2003) The effects of proinflammatory cytokines on
cytokine-chemokine gene expression profiles in the

human corneal endothelium. /nvestigative Ophthalmol-
ogy and Visual Science. 44(2): 514-520.

Yamagami S, Yokoo S, Mimura T and Amano S (2004)
Effects of TGF-beta2 on immune response-related gene
expression profiles in the human corneal endothelium.
Investigative Ophthalmology and Visual Science 45(2):
515-521.

Yucesoy B, Luster MI (2007) Genetic susceptibility in pneu-
moconiosis. Toxicological Letters 168(3): 249-254.

Yucesoy B, Vallyathan V, Landsittel DP, Sharp DS, Mathe-
son J, Burleson F, et al. (2001a) Polymorphisms of the
IL-1 gene complex in coal miners with silicosis. American
Journal of Industrial Medicine 39(3): 286-291.

Yucesoy B, Vallyathan V, Landsittel DP, Sharp DS, Wes-
ton A, Burleson GR, et al. (2001b) Association of tumor
necrosis factor-alpha and interleukin-1 gene polymorph-
isms with silicosis. Toxicology and Applied Pharmacol-
ogy 172(1): 75-82.

Yucesoy B, Vallyathan V, Landsittel DP, Simeonova P and
Luster MI (2002) Cytokine polymorphisms in silicosis
and other pneumoconioses. Molecular and Cellular Bio-
chemistry 234-235(1-2): 219-224.

Zhai R, Jetten M, Schins RP, Franssen H and Borm PJ
(1998) Polymorphisms in the promoter of the tumor
necrosis factor-alpha gene in coal miners. American
Journal of Industrial Medicine 34(4): 318-324.

Zhang Y, Lee TC, Guillemin B, Yu MC and Rom WN
(1993) Enhanced IL-1 beta and tumor necrosis factor-
alpha release and messenger RNA expression in macro-
phages from idiopathic pulmonary fibrosis or after
asbestos exposure. The Journal of Immunology 150(9):
4188-4196.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


