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Genetic polymorphisms and their effects on
the severity of silicosis in workers exposed
to silica in Brazil
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ABSTRACT

Objective: Silicosis is a pneumoconiosis characterized by fibrosis of the lung parenchyma
caused by inhalation of silica particles. Genetic factors might play a role in the severity
silicosis. We sought to evaluate the influence of polymorphisms in the ACE, FAS, FASLG,
NOS2, ILTRN. FAM13A, TGFBT, and 7TNF genes on the severity of silicosis. Methods:
Nine polymorphisms were genotyped by PCR in a sample of 143 patients with silicosis
in the state of Rio de Janeiro, Brazil. Results: Fifty-seven patients (40%) were classified
as having simple silicosis and 86 (60%) were classified as having complicated silicosis.
The TT genotype of rs1800469 in the 7GFB7 gene showed a protective effect for
complicated silicosis (OR = 0.35; 95% Cl, 0.14-0.92; p = 0.028) when compared with
the other two genotypes (CC+CT). The polymorphic T allele of rs763110 in the FASLG
gene (OR = 0.56; 95% CI, 0.31-0.99; p = 0.047), as well as a dominant model for the
T allele (TT+CT: OR = 0.37; 95% Cl, 0.15-0.96; p = 0.037), also showed a protective
effect. When patients with simple silicosis despite having been exposed to silica for a
longer time (> 44,229 hours) were compared with patients with complicated silicosis
despite having been exposed to silica for a shorter time, the T allele of rs763110 in the
FASLG gene (OR = 0.20; 95% ClI, 0.08-0.48; p < 0.0001), as well as dominant and
recessive models (OR = 0.06; 95% CI, 0.00-0.49; p = 0.01 and OR = 0.22; 95% ClI,
0.06-0.77; p = 0.014, respectively), showed a protective effect against the severity of
silicosis. Conclusions: |t appears that rs1800469 polymorphisms in the 7GFB7 gene
and rs763110 polymorphisms in the FASLG gene are involved in the severity of silicosis.
Given the lack of studies relating genetic polymorphisms to the severity of silicosis,
these results should be replicated in other populations.
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INTRODUCTION In the alveolar space, silica particles trigger various
inflammatory mechanisms and pathways responsible
for the pathogenesis of silicosis, represented by cycles
of injury and healing. These cycles generate intense
epithelial damage causing severe impairment of gas
exchange by deposition of collagen fibers in the alveolar
space, being divided into the following stages: direct
cytotoxicity; generation of reactive oxygen species
and reactive nitrogen species; intense production of
cytokines; deposition of collagen fibers; fibrosis; apoptosis
of alveolar cells; and release of crystals in the alveolar

Silicosis is the most prevalent pneumoconiosis in
the world, being characterized by fibrosis of the lung
parenchyma caused by inhalation of silica particles.(*)
Silicosis is an occupational disease that can affect
workers in the mineral extraction industry, mineral
processing industry, manufacturing industry, cosmetics
industry, and sandblasting industry, among others.(>>
The development of silicosis is related to the duration
and degree of exposure to silica particles; deficiencies
in the immune systems; impaired pulmonary clearance;

smoking; the concentration of silica particles; personal
protective equipment (PPE) use (or lack thereof); and
genetic factors.*> Genetic factors might explain distinct
phenotypic expressions of the disease in patients with
a similar exposure history. >

space, restarting the cycle.(¥

Silica particles lead to intensive production of reactive
oxygen species and reactive nitrogen species, mainly by
alveolar epithelial cells and macrophages. Inducible nitric
oxide synthase activity is fundamental to this oxidative

Correspondence to:

Marcos Cesar Santos de Castro. Rua Ministro Otavio Kelly, 304/404, 24220-301, Niterdi, RJ, Brasil.

Tel.: 55 21 2629-9167. E-mail: marcos_cesar@id.uff.br

Financial support: This study received financial support from the Brazilian Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPg, National
Council for Scientific and Technological Development; Grant no. 402244/2016-8) and the Pro-Rertoria ae Pesquisa, Pos-Graduacao e Inovacéo da Universidade
Feaeral Fluminense (Proppi/PDI/UFF, Fluminense Federal University Dean’s Office of Research, Graduate Education, and Innovation).

© 2022 Sociedade Brasileira de Pneumologia e Tisiologia

ISSN 1806-3756  1/8


https://creativecommons.org/licenses/by-nc/4.0/

* Genetic polymorphisms and their effects on the severity of silicosis in workers exposed to silica in Brazil

2/8

environment because it acts in the production of nitric
oxide.(® This intense oxidative environment promotes
the release of several interleukins. IL-1 (IL-1a and
IL-1B) acts in the activation of fibroblasts and in the
deposition of collagen fibers in the alveolar space.
However, IL-1 receptor antagonist (IL1RA) acts by
blocking the action of IL-1.(” TNF-a acts in fibroblast
recruitment and proliferation, and as a ligand for
apoptosis receptors.*) TGFB1 acts in cell proliferation,
differentiation, migration, inflammation, and apoptosis,
as well as in tissue repair.(®) Angiotensin-converting
enzyme (ACE), released by several epithelial cells
and by macrophages, is an important biomarker
of lung injury.® Family with sequence similarity 13
member A (FAM13A) is expressed in the airways in
type II epithelial cells and alveolar macrophages, and
seems to play a role in the pathogenesis of idiopathic
pulmonary fibrosis.®®

Alveolar macrophage apoptosis also contributes to the
pathogenesis of silicosis, through increased expression
of Fas cell surface death receptor (FAS) and its ligands
(Fas ligand [FASLG] and TNF-a). Alveolar macrophage
apoptosis releases inflammatory mediators, promoting
new recruitment of inflammatory cells and repeated
activation of inflammatory pathways.®

Silicosis is an irreversible and incurable disease. The
identification of genetic polymorphisms is essential
for early identification of patients who are more likely
to present with increased disease severity, making it
possible to establish appropriate follow-up strategies
and decide on the use of antifibrotic drugs.(*V) The
objective of the present study was to evaluate the
influence of polymorphisms in the ACE (rs4646994),
FAS (rs2234767), FASLG (rs763110), nitric oxide
synthase 2—NOS2—(rs2297518), ILIRN (rs419598
and rs2234663), FAM13A (rs2609255), TGFB1
(rs1800469), and TNF (rs1800629) genes on the
severity of silicosis in patients in Brazil.

METHODS

Patients

The study sample consisted of 143 patients diagnosed
with silicosis on the basis of an occupational history
of exposure to silica particles and radiological findings
consistent with silicosis, in accordance with the
International Labour Organization (ILO) International
Classification of Radiographs of Pneumoconioses.?
Patients with occupational lung diseases other than
silicosis were excluded.

The patients included in the study were treated
at the Fluminense Federal University Antonio Pedro
University Hospital, the State University of Rio de
Janeiro Pedro Ernesto University Hospital, or the
Oswaldo Cruz Foundation School of Public Health, all
of which are located in the state of Rio de Janeiro,
Brazil. All patients were removed from work due to
confirmed silicosis.
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On the basis of chest X-rays findings, patients
were classified as having simple silicosis (or small
opacities, i.e., opacities smaller than 1.0 cm) or
complicated silicosis (or large opacities, i.e., at least
one opacity greater than 1.0 cm), in accordance with
the ILO International Classification of Radiographs of
Pneumoconioses.(*? The radiographs were obtained
with the use of an LX30 X-ray machine (Siemens AG,
Erlangen, Germany) and were evaluated separately by
three ILO-certified readers. All of the study participants
gave written informed consent, and the study was
approved by the local research ethics committees.

Sociodemographic characteristics, clinical
characteristics, and lung function parameters

Sociodemographic and clinical characteristics such
as age (in years), occupation, weight (in kg), height
(in- m), BMI (in kg/m?), total number of years of silica
exposure, total number of hours worked per week,
total number of hours of silica exposure, time elapsed
since removal of exposure (in years), smoking history
(in pack-years), use of PPE, and tuberculosis were
assessed by means of a questionnaire.

Lung function parameters were obtained by
spirometry, which was performed with an MS-PFT
spirometer (Jaeger, Wiirzburg, Germany) and in
accordance with the American Thoracic Society/
European Respiratory Society standards**® and
the Brazilian Thoracic Association standardized
methods. 4*> FEV , FVC, and the FEV,/FVC ratio
were evaluated in all patients.

Genotyping

For genetic material collection, cell samples were
obtained from the oral cavity by rinsing with 5 mL of
saline solution (0.5% NaCl) for 60 s. The samples were
then identified and immediately stored in a freezer
at —4°C. Genomic DNA extraction was performed in
accordance with Aidar & Line.®®

Genotyping was performed by PCR. Standard PCR
was used in order to analyze 2018T/C (rs419598) and
86 bp variable number tandem repeats (rs2234663)
in the ILIRN gene, as well as Ins/Del (rs4646994)
in the ACE gene. PCR conditions and primers were
as previously described.®'7*®) For ACE rs4646994,
the alleles consisted of a 190-bp fragment (D allele)
and a 490-bp fragment (I allele), detected by
electrophoresis of PCR products on 2% agarose gel.
For rs2234663 in the IL1RN gene, genotypes were
established according to the sizes of PCR products on
2.5% agarose gel: ILIRN*1 410 bp (four repeats);
ILIRN*2 240 bp (two repeats); ILIRN*3 500 bp
(five repeats); ILIRN*4 325 bp (three repeats); and
IL1RN*5 595 bp (six repeats).

Genotyping of the rs419598 polymorphism was
performed by PCR, followed by RFLP with 1 U of Mspl,
in accordance with the manufacturer instructions (New
England Biolabs, Ipswich, MA, USA). Electrophoresis
on 3% agarose gel showed three PCR fragment sizes:
123 bp and 233 bp (C allele), and 356 bp (T allele).
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Genotyping of FAM13A rs2609255, FAS rs2234767
(=1377G/A), FASLG rs763110 (—844C/T), NOS2
rs2297518 (Ser608Leu), TGFB1 rs1800469 (-509C/T),
and TNF rs1800629 (—308G/A) was performed
by real-time PCR with predesigned and validated
TagMan® assays (C_15906608_10, C_12123966_10,
C_3175437_10, C_11889257_10, C_8708473_10,
and C_7514879_10, respectively; Thermo Fisher
Scientific, Waltham, MA, USA). The genotyping protocol
followed the manufacturer instructions (Thermo Fisher
Scientific), and the samples were run in a CFX96
real-time PCR system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Statistical analysis

Allele frequencies were obtained by gene counting.
Deviations from the Hardy-Weinberg equilibrium
were evaluated by the chi-square test. Association
analyses between gene polymorphisms and silicosis
severity (simple vs. complicated) were evaluated by
the chi-square test or Fisher’s exact test. Quantitative
data with normal distribution (as determined by the
Kolmogorov-Smirnov test) were evaluated by a t-test,
whereas quantitative data with non-normal distribution
were evaluated by the Mann-Whitney test. Values were
presented as mean + standard deviation. The total
number of hours of silica exposure was obtained by
adjusting the total number of hours worked per week
in each month (11 months of work) and multiplying
it by the total number of years worked. The time
elapsed since removal of exposure (in years) was
calculated by the difference between the year of
silicosis diagnosis (and sick leave) and the year of
sample collection and classification as simple silicosis
or complicated silicosis.

A multivariate logistic regression analysis was
used in order to assess the ORs and 95% ClIs for
independent predictors of complicated silicosis.
The logistic regression model included the following
independent variables: polymorphisms significantly
associated with silicosis severity, total number of
hours of silica exposure > 44,229, time elapsed
since removal of exposure (in years), and no use of
PPE. The level of significance was set at p < 0.05. All
statistical tests were performed with the IBM SPSS
software package, version 20.0 (IBM Corporation,
Armonk, NY, USA).

RESULTS

Sociodemographic characteristics, clinical
characteristics, and lung function parameters

Of the 143 patients, 57 (40%) were classified as
having simple silicosis and 86 (60%) were classified as
having complicated silicosis. Sandblasting was the most
common occupation, in 66 patients (46%), followed
by marble work, in 21 (14.7%), and hammering,
in 18 (12.6%). Seventy-six patients (53%) had a
history of smoking. Of those, 27 (35.5%) had simple
silicosis and 49 (64.5%) had complicated silicosis (p

= 0.260). With regard to tuberculosis, 70 patients
(49%) had a history of tuberculosis. Of those, 25
(35.7%) had simple silicosis and 45 (64.3%) had
complicated silicosis (p = 0.321). With regard to the
use of PPE, 54 (37.8%) reported not using PPE at
work. Of those, 20 (37%) had simple silicosis and
34 (63%) had complicated silicosis (p = 0.101).
Other clinical and demographic characteristics are
presented in Table 1.

A statistically significant difference was observed
between patients with simple silicosis and those with
complicated silicosis regarding the time elapsed since
removal of exposure (p = 0.023). With regard to lung
function parameters, a statistically significant difference
was observed between patients with simple silicosis
and those with complicated silicosis regarding percent
predicted FVC (p = 0.007), FEV, (p = 0.0001), and
FEV,/FVC (p = 0.001; Table 1).

Association analysis between gene
polymorphisms and silicosis severity

Genotype frequencies of all polymorphisms in
the total sample showed no significant deviation
from the Hardy-Weinberg equilibrium. Associations
between the severity of silicosis (simple silicosis vs.
complicated silicosis) and the genetic polymorphisms
investigated in the present study were significantly
different for —844C>T (rs763110) in the FASLG gene
and —509C>T (rs1800469) in the TGFB1 gene (Table
2). The polymorphic T allele of rs763110 in the FASLG
gene showed a protective effect for complicated
silicosis (OR = 0.56; 95% CI, 0.31-0.99; p = 0.047).
In a dominant model, carriers of the T allele (TT+CT)
also showed this protective effect (OR = 0.37; 95%
CI, 0.15-0.96; p = 0.037; Table 2).

The —509C>T (rs1800469) polymorphism in the
TGFB1 gene showed a significant protective effect
in a recessive model of the T allele. As can be seen
in Table 2, the TT genotype was more common than
the other two genotypes (CC+CT) in patients with
simple silicosis (OR = 0.35; 95% CI, 0.14-0.92;
p = 0.028). For the remaining polymorphisms, no
significant associations were observed (Table 2).

No significant differences were observed between
patients with simple silicosis and those with complicated
silicosis regarding the other polymorphisms: ACE
rs4646994 (p = 0.171), FAS rs2234767 (p = 0.709),
FAM13A rs2609255 (p = 0.402), IL1RN rs419598
(p = 0.804), ILIRN rs2234663 (p = 0.978), NOS2
rs2297518 (p = 0,221), and TNF-a rs1800629 (p =
0.289; data not shown).

Association analysis between gene
polymorphisms and silicosis severity, based on
the total number of hours of silica exposure

Using the mean number of hours of silica exposure in
the sample as a whole (44,229 hours), we compared
genotype and allele distributions between simple
silicosis patients with > 44,229 hours of exposure
to silica and complicated silicosis patients with <
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Table 1. Sociodemographic characteristics, clinical characteristics, and lung function parameters, by silicosis severity

(i.e., simple or complicated silicosis).?

Variables Total

(N = 143) (n = 57; 40%)

Group

Simple silicosis Complicated silicosis

(n = 86; 60%)

Age, years 59.98 + 8.81 58.45 + 9.31 61.00 + 8.36 0.091*
BMI, kg/m? 23.92 + 4.53 24.05 + 6.19 23.84 + 3.01 0.403f
Duration of exposure, years 21.55 + 9.31 22.88 + 10.01 20.67 + 8.77 0.1927
Total number of hours worked per week 47.06 + 9.37 46.40 + 8.06 47.50 + 10.16 0.4517
Duration of exposure, hours 44,229 + 19,939 46,763 + 21,254 42,549 + 18,958 0.217*
Time elapsed since removal of exposure, years  14.00 + 10.19 11.78 + 10.36 15.49 + 9.87 0.0231
Smoking history (pack-years) 36.15 + 30.52 36.39 + 35.38 36.02 + 27.87 0.4801
FVC, % predicted 86.62 + 21 + 81 87.61 + 20.35 77.65 + 21.96 0.007*
FEV,, % predicted 68.42 + 23.71 77.88 + 23.16 62.15 + 22.05 0.0001*
FEV,/FVC 65.02 + 17.84 70.01 + 16.64 61.71 + 17.93 0.001"

aValues expressed as mean £ SD. *t-test (Kolmogorov-Smirnov: p > 0.05). "Mann-Whitney test (Kolmogorov-

Smirnov: p < 0.05).

Table 2. Genotype and allele distribution of FASLG and TGFB1 gene polymorphisms between simple and complicated

silicosis.

Polymorphism Group
Simple silicosis
FASLG rs763110 41
ccC 8 (0.20) 22
CcT 19 (0.46) 20
T 14 (0.34) 14
C 35 (0.43) 64
T 47 (0.57) 48
ccC 8 (0.20) 22
TT+CT 33 (0.80) 34
TGFB1 rs1800469 56
ccC 24 (0.43) 39
CcT 19 (0.34) 36
T 13 (0.23) 8
C 67 (0.60) 114
T 45 (0.40) 52
CC+CT 43 (0.77) 75
TT 13 (0.23) 8

OR (95% CI)

Complicated silicosis

56 97
(0.39) 30 0.114 1.00
(0.36) 39 0.38 (0.14-1.07)
(0.25) 28 0.36 (0.12-1.09)
(0.57) 99 0.047 1.00
(0.43) 95 0.56 (0.31-0.99)
(0.39) 30 0.037 1.00
(0.61) 67 0.37 (0.15-0.96)

83 139
(0.47) 63 0.084 1.00
(0.43) 55 1.17 (0.55-2.48)
(0.10) 21 0.38 (0.14-1.05)
(0.69) 181 0.129 1.00
(0.31) 97 0.68 (0.41-1.12)
(0.90) 118 0.028 1.00
(0.10) 21 0.35 (0.14-0.92)

44,229 hours of exposure to silica. Our objective
was to compare patients with simple silicosis despite
longer exposure to silica and those with complicated
silicosis despite shorter exposure to silica. We found
a significant association between the two groups
of patients and the rs763110 polymorphism in the
FASLG gene.

The T allele showed a protective effect against
complicated silicosis with increased exposure to silica
(OR = 0.20; 95% CI, 0.08-0.48; p < 0.0001). This
was also observed in dominant and recessive models
of the T allele (OR = 0.06; 95% CI, 0.00-0.49; p =
0.01 and OR = 0.22; 95% CI, 0.06-0.77; p = 0.014,
respectively; Table 3).

Multivariate logistic regression analysis

Table 4 shows the results of the multivariate logistic
regression analysis of independent predictors of silicosis
severity. FASLG TT+TC genotypes were found to be
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predictors of protection against complicated silicosis
after controlling for risk factors (OR = 0.15; 95% CI,
0.03-0.75; p = 0.021), whereas no effect was observed
for TGFB1 TT genotype. No use of PPE and a longer time
elapsed since removal of exposure were also important
independent risk factors for complicated silicosis (OR
= 6.40; 95% CI, 1.47-27.86; p = 0.013 and OR =
1.09; 95% CI, 1.01-1.17; p = 0.027, respectively).

DISCUSSION

A history of exposure to silica particles is the most
important of all environmental factors related to
silicosis.(*®> However, phenotypic differences could be
explained by individual responses to exposure, and
genetic variations could influence these responses.*%)
In this study, we evaluated the association of several
polymorphisms with the severity of silicosis in workers
exposed to silica in Brazil and found significant
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Table 3. Association analysis between FASLG rs763110 and silicosis severity, based on the total number of hours of

silica exposure.*
Polymorphism

Simple silicosis
> cutoff exposure time < cutoff exposure time

FASLG rs763110 19
cc 1 (0.05)
cT 8 (0.42)
T 10 (0.53)

C 10 (0.26)
T 28 (0.74)
cc 1 (0.05)
TT+CT 18 (0.95)
CC+CT 9 (0.47)
T 10 (0.53)

Group
Complicated silicosis

Total p OR (95% CI)

31 50
15 (0.48) 16 1.00
10 (0.32) 18 0.002 0.08 (0.00-0.84)
6 (0.19) 16 0.04 (0.00-0.43)
40 (0.65) 50 < 1.00
22 (0.35) 50  0.0001 (.20 (0.08-0.48)
15 (0.48) 16 0.001 1.00
16 (0.52) 34 0.06 (0.00-0.49)
25 (0.81) 34 0.014 1.00
6 (0.19) 16 0.22 (0.06-0.77)

*Cutoff point: 44,229 hours.

Table 4. Multivariate logistic regression analysis of independent predictors of complicated silicosis.

Variable B
TGFB1 (TT) -2.20
FASLG (TT+TC) -1.89
No use of PPE 1.86
Silica exposure duration > 44,229 hours 0.00

Time elapsed since removal of exposure, years  0.08

SE Wald df p (0] 95% ClI
1.24 3.15 1 0.076 0.11 0.01-1.26
0.82 5.34 1 0.021 0.15 0.03-0.75
0.75 6.13 1 0.013 6.40  1.47-27.86
0.00 1.57 1 0.211 1.00 1.00-1.00
0.04 4.86 1 0.027 1.09 1.01-1.17

PPE: personal protective equipment; and df: degrees of freedom.

associations between disease severity and the TGFB1
and FASLG genes.

TGFB1 is a multifunctional cytokine that regulates
the proliferation and differentiation of various cell
types and is directly involved in fibrosis of the lung
parenchyma. This cytokine can bind to at least three
receptors (types I, II, and III). The effects of TGFB1
on extracellular matrix synthesis and deposition are
mediated by type I receptors; the effects of TGFB1 on
cell growth and proliferation are mediated by type II
receptors; and type III receptors inhibit the binding
of TGFB1 to cell membrane receptors, inhibiting its
action.®® Fibrosis represents a pathological event of a
normal tissue repair process. Therefore, excessive or
sustained production of TGFB1 becomes a key point
for tissue fibrosis. In animal and human models,
limited tissue injury is accompanied by a transient
increase in TGFB1, without progression to fibrosis. In
the presence of repetitive injury, TGFB1 production
is maintained, leading to progressive extracellular
matrix deposition and fibrosis.?® The mechanism
involved in the maintenance of TGFB1 expression as a
result of repetitive injury is still poorly understood.®

The rs1800469 (—509C/T) promoter polymorphism in
the TGFB1 gene alters the levels of TGFB1 production
and secretion.®®) Plasma levels of TGFB1 are twice
as high in patients homozygous for the T allele in
comparison with individuals homozygous for the
C allele, with heterozygotes showing intermediate
production.®*??) In a meta-analysis performed by
Deng et al. and including seven studies (a total
of 4,333 patients with pneumoconiosis and 3,478

controls), a significant association was found
between the rs1800469 polymorphism and the
risk of pneumoconiosis.® Wu et al. conducted an
association study of the rs1800469 polymorphism
in 183 patients with silicosis and 111 controls and
observed no significant association.?") In our study,
we observed that the TT genotype represented a
protective factor for silicosis severity.

The divergence in results might be due to the fact
that TGFB1 also acts as an anti-inflammatory agent in
silicosis, playing an important role in the initiation and
termination of tissue repair after an aggression, leading
to tissue remodeling.® This was confirmed by Barbarin
et al.,® who demonstrated that the pathogenesis of
silicosis involves a complex interaction of inflammatory
and anti-inflammatory pathways. TGFB1 stimulates
fibroblasts and smooth muscle cells to produce elastin,
as well as stimulating the production of inflammatory
mediators.(>¥ TGFB1 also acts as an anti-inflammatory
agent, promoting extracellular matrix accumulation
by decreasing collagenase synthesis; repressing the
stimulatory effects of growth factors on collagenase
gene expression; and increasing the production of
collagenase inhibitors.?* Moreover, TGFB1 acts in all
stages of tissue repair, inhibiting T and B cells and
their products (TNF-a and IL-1), as well as modulating
macrophage cytotoxicity, including suppression of
superoxide and nitric oxide production.>

Experimental studies have demonstrated that
administration of TGFB1 results in normalization
of the tissue damage process.?® In addition, the
different expressions of its receptors (I, II, and III)
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and interactions with TGFB1 may cause an imbalance
between the inflammatory and anti-inflammatory
pathways. There are no studies evaluating the
association of TGFBR1 polymorphisms with silicosis
or other pneumoconioses. There are also no studies
evaluating the association of TGFB1 and TGFBR1
polymorphisms with silicosis or other pneumoconioses.
However, some studies have investigated other
diseases. Grigorova et al.?”) evaluated the association
of the rs1800469 polymorphism in the TGFB1 gene
and the rs3087465 polymorphism in the TGFBR2
gene with frequent episodes of disease activity in
patients with multiple sclerosis. The authors found
a higher concentration of TGFB1 determined by the
TGFB1 genotype in combination with the TGFBR2
genotype and concluded that this combination acted
as a protective factor for relapsing-remitting multiple
sclerosis.?” Jin et al.®® analyzed the association of
the aforementioned polymorphisms with esophageal
squamous cell carcinoma. The authors concluded
that individuals carrying variant genotypes of these
polymorphisms had a significantly reduced risk of
esophageal squamous cell carcinoma.

Apoptosis plays an important role in the
pathophysiology of silicosis.*® The FAS receptor,
located at 10g24.1, is a potent member of the apoptosis
receptor family, playing a key role in signaling for
apoptosis of several cells. This receptor interacts with
its ligand (FASLG), initiating the cell death cascade
by apoptosis.9 In the FAS/FASLG system, the FAS
receptor is expressed in several cells of various
tissues, whereas FASLG is restricted to cells of the
immune system, such as activated T cells and natural
killer cells.?) Borges et al.*? investigated the role
of FASLG in silicosis and found that FASLG-deficient
guinea pigs were resistant to silicosis because of
reduced macrophage apoptosis. In addition, treatment
with an FASLG antagonist antibody prevented the
development of the disease.(3?

In the present study, the T allele of the rs763110
polymorphism in the FASLG gene showed a protective
effect on disease severity, even when we compared
patients with simple silicosis and longer exposure to
silica with those with complicated silicosis and shorter
exposure to silica. Studies have shown that the T
allele of this polymorphism leads to lower FASLG
expression3) because the TT genotype also leads to
suppression of apoptosis by reduced binding of the
FASLG promoter to transcription factors.**) Cooke et
al. demonstrated that the C allele of this polymorphism
causes higher basal expression of FASLG than does
the T allele.*>) Wu et al.) analyzed the influence of
this polymorphism on susceptibility to silicosis and
found no significant association. In contrast, in our
study, the protective effect of rs763110 in FASLG
for the severity of silicosis might be due to reduced
apoptosis caused by the presence of the T allele in
patients with simple silicosis.

Our multivariate logistic regression analysis of
independent predictors of silicosis severity revealed that

J Bras Pneumol. 2022;48(5):e20220167

FASLG TT+TC genotypes constituted an independent
protection factor for complicated silicosis (OR = 0.15;
95% CI, 0.03-0.75; p = 0.021). It also revealed that
no use of PPE (OR = 6.40; 95% CI, 1.47-27.86; p =
0.013) was an independent risk factor for complicated
silicosis. Recently, Requena-Mullor et al. studied
silicosis in artificial stone workers and demonstrated
that using only a simple mask and not using the PPE
provided by the company represented a greater risk
for silicosis.*®) Our multivariate analysis also revealed
that a longer time elapsed since removal of exposure
was also an independent risk factor for complicated
silicosis (OR = 1.09; 95% CI, 1.01-1.17; p = 0.027).
In silicosis, fibrosis can progress as a result of the
inflammatory process caused by silica dust, even
after removal of exposure. Therefore, silicosis tends
to progress even in patients who have been away
from occupational exposure for a long time.

The present study has limitations, including the
impossibility of analyzing all of the pathogenic
pathways of silicosis, including IL receptors; the
presence of memory bias (the exact duration of
exposure and number of hours worked per week);
appropriate PPE and its use; and the small sample
size. Another limitation is that we analyzed chest
X-rays and classified the findings on the basis of the
ILO International Classification of Radiographs of
Pneumoconioses.(*? However, several studies have
shown greater sensitivity with the use of chest CT scans
in the assessment of profusion of lung parenchymal
opacities in patients with silicosis.*’-3% Yet another
limitation is related to the inclusion of patients with
tuberculosis, which is known to promote progression
of parenchymal lesions caused by silicosis. However,
the exclusion of these patients would have resulted in
a small sample size and would have misrepresented
the profile of silicosis patients in Brazil.

In conclusion, the pathophysiology of silicosis is
extremely complex, encompassing inflammatory
and anti-inflammatory pathways. Polymorphisms in
genes related to several immune mechanisms could
cause an imbalance between inflammatory and
anti-inflammatory factors, explaining the expression
of distinct phenotypes. This study identified a
statistically significant difference in the prevalence
of TGFB1 and FASLG gene polymorphisms, which
were found to act as protective factors for disease
severity. Further studies should be carried out in an
attempt to expand the sample size and analyze the
associations between genetic polymorphisms and
pathophysiological mechanisms.
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