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Summary 
Background: This study aimed to investigate the associa-
tion between NLRP3 rs35829419 and CARD8 rs2043211
polymorphisms and the risk of developing pleural plaques,
asbestosis, and malignant mesothelioma (MM), and to
study the influence of the interactions between polymor-
phisms and asbestos exposure on the risk of developing
these diseases.
Methods: The case-control study included 416 subjects
with pleural plaques, 160 patients with asbestosis, 154
subjects with MM and 149 subjects with no asbestos dis-
ease. The NLRP3 rs35829419 and CARD8 rs2043211
polymorphisms were determined using real-time PCR-
based methods. In the statistical analysis, standard descrip-
tive statistics was followed by univariate and multivariate
logistic regression modelling.
Results: Asbestos exposure (medium and high vs low) was
associated with the risk for each studied asbestos-related
disease. An increased risk of pleural plaques was found for
CARD8 rs2043211 AT + TT genotypes (OR = 1.48, 95%
CI 1.01–2.16, p = 0.042). When the analysis was per-
formed for MM patients as cases, and pleural plaques
patients as controls, a decreased MM risk was observed for
carriers of CARD8 rs2043211 TT genotype (OR = 0.52,
95% CI 0.27–1.00, p = 0.049). The interactions between
NLRP3 rs35829419 and CARD8 rs2043211 genotypes
did not influence the risk of any asbestos-related disease.
However, when testing interactions with asbestos exposure,

Kratak sadr`aj
Uvod: Cilj ovog istra`ivanja bio je da se ispita povezanost
izme|u polimorfizama NLRP3 rs35829419 i CARD8
rs2043211 i rizika od razvoja pleuralnih plakova, azbestoze
i malignog mezotelioma (MM) i da se prou~i uticaj interak-
cija izme|u polimorfizama i izlo`enosti azbestu na rizik od
razvoja ovih bolesti.
Metode: Ova studija slu~aja je uklju~ivala 416 ispitanika sa
pleuralnim plakovima, 160 pacijenata sa azbestozom, 154
ispitanika sa MM i 149 ispitanika bez azbestne bolesti.
Polimorfizmi NLRP3 rs35829419 i CARD8 rs2043211 su
odre|ivani pomo}u metoda zasnovanih na PCR u realnom
vremenu. U statisti~koj analizi, standardnu deskriptivnu sta-
tistiku pratilo je univarijantno i multivarijantno logisti~ko
regresiono modeliranje.
Rezultati: Izlo`enost azbestu (srednja i visoka u odnosu na
nisku) bila je povezana sa rizikom za svaku prou~avanu bo -
lest povezanu sa azbestom. Pove}an rizik od pleuralnih pla-
kova je ustanovljen za CARD8 rs2043211 AT + TT geno-
tipove (OR = 1,48, 95% CI 1,01–2,16, p = 0,042). Kada
je obavljena analiza za pacijente sa MM, kao i za pacijente
sa pleuralnim plakovima kao kontrolne slu~ajeve, prime}en
je smanjeni MM rizik za nosioce CARD8 rs2043211 TT
genotipa (OR = 0,52, 95% CI 0,27–1,00, p = 0,049).
Interakcije izme|u genotipova NLRP3 rs35829419 i
CARD8 rs2043211 nisu uticale na rizik od bilo koje bolesti
povezane sa azbestom. Me|utim, kada su testirane inter -
akcije sa izlo`eno{}u azbestu, ustanovljen je smanjen rizik
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Introduction

The asbestos-related diseases, including pleural
plaques, diffuse pleural thickening and pleural effu-
sion, asbestosis, and several types of cancers, such as
lung cancer, malignant mesothelioma (MM) of the
pleura and peritoneum, cancer of the larynx, cancer
of the ovary, as well as the cancers of the buccal
mucosa, the pharynx, the gastrointestinal tract, and
the kidney, are still a major public health problem (1–
4).

Pleural plaques and diffuse pleural thickening,
which can be accompanied by pleural calcification,
are among the most common non-malignant effects
of asbestos and may occur even after relatively low
asbestos exposure (5–11). Asbestosis, one of the
most frequent diseases caused by asbestos, is an
interstitial pulmonary process which, after a long
latency period, slowly develops into diffuse pulmonary
fibrosis. The disease continues to progress even after
the cessation of exposure and the process is irre-
versible (10, 12, 13). Among cancers, MM is consid-
ered to be a highly aggressive and invasive maligno-
ma that arises from the mesothelium, most
commonly from pleura and less frequently from peri-
toneum or other serosal surfaces (14). As the onset of
symptoms is often non-specific and insidious, this
malignoma is very difficult to diagnose. However, an
early diagnosis is extremely important for timely and
more effective treatment (15). Therefore, potential
new biomarkers for an earlier diagnosis of MM have
been intensively investigated (16, 17).

The pathogenesis of asbestos-induced pleural
diseases has been extensively investigated. Asbestos
fibres are thought to provoke pleural inflammation
from direct toxicity to mesothelial cell. Pleural injury
can be elicited by inhaled asbestos fibres indirectly via
the release of inflammatory cytokines and growth fac-
tors from within the lung (18). The mechanism of cell
injury caused by asbestos and affecting the cells of
the pleura and lung remains unclear. It has been sug-
gested that inflammation may have an important role
in the pathogenesis of asbestos-related diseases (19–
21). 

Inflammation has been proposed to be involved
in the modification and/or calcification of pleural
thickenings as well as in the development of asbesto-
sis (22, 23). Chronic inflammation is also known to

play an essential role in tumorigenesis and is a major
contributing factor in the development of many types
of cancer, including MM (22, 24). Evidence suggests
that inflammation can also be associated with
unfavourable clinical prognosis in cancer patients in
general (24–27) as well as in MM (28).

The reactive oxygen species (ROS) and reactive
nitric species (RNS) are considered to play an impor-
tant role in modulating the immune response to
inflammatory stimuli (29). Recent studies have led to
a better understanding of molecular mechanisms
underlying the pathogenesis of asbestos-related dis-
eases, including MM. Asbestos fibres can cause
genotoxic damage either directly or indirectly, via
generation of reactive oxygen and nitric species (ROS
and RNS). ROS may also mediate the activation of
the NLRP3 inflammasome (30). 

The NLRP3 inflammasome is a multiprotein
cytoplasmic complex comprised of NOD-like recep-
tors, a family of intracellular sensors that have
become known as crucial components of the innate
immune responses and inflammation (31, 32). The
NLRP3 inflammasome complex is composed of sev-
eral components, such as NLRP3, CARD8 and ASC
(23, 33, 34). It is activated by numerous physical and
chemical stimuli (33), including asbestos. In response
to a variety of pathogens and/or danger-associated
molecular patterns, the NLRP3 inflammasome acti-
vates caspase-1, which results in IL-1  secretion and
consequently inflammatory response (33, 35). It has
been shown that the secretion of IL-1  from alveolar
macrophages induced by asbestos is mediated
through the NLRP3 inflammasome (21, 23).

It has been proposed that genetic variants of
inflammasome components may influence the func-
tion of the complex and that functional polymor-
phisms in the NLRP3 and CARD8 genes may be
associated with IL-1 production and severe inflam-
mation (23, 34).

Among the most commonly investigated inflam-
masome-related single nucleotide polymorphisms
(SNPs) is nonsynonymous gain-of-function polymor-
phism NLRP3 rs35829419 (p.Gln705Lys; C > A)
that leads to an overactive NLRP3 inflammasome and
increased production of IL-1  (36). Another important
inflammasome-related SNP is CARD8 rs2043211
(p.Cys10Ter, A>T) that results in non-functional pro-
tein and leads to loss of CARD-8 inhibition of cas-

a decreased risk of asbestosis was found for NLRP3
CA+AA genotypes (OR = 0.09, 95% CI 0.01–0.60, p =
0.014).
Conclusions: The results of our study suggest that NLRP3
and CARD8 polymorphisms could affect the risk of
asbestos-related diseases.

Keywords: inflammasome, polymorphism, asbestosis,
pleural plaques, malignant mesothelioma

od azbestoze za NLRP3 CA + AA genotipove (OR = 0,09,
95% CI 0,01–0,60, p = 0,014).
Zaklju~ak: Rezultati na{eg istra`ivanja ukazuju na to da
polimorfizmi NLRP3 i CARD8 mogu uticati na rizik od
bolesti povezanih sa azbestom. 

Klju~ne re~i: inflamazom, polimorfizam, azbestoza,
pleuralni plakovi, maligni mezoteliom
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pase-1 (23, 37). Consequently, both polymorphisms
have been proposed to be associated with increased
IL-1  production and proinflammatory phenotype
(21, 23, 36).

Although asbestos-related diseases are among
the most frequently investigated occupational dis-
eases and the association between asbestos exposure
and asbestos-related diseases has been well proved,
relatively little has been known about the genetic fac-
tors that might modify the individual susceptibility to
the development of these diseases (4). This study
aimed to investigate the association between NLRP3
rs35829419 and CARD8 rs2043211 polymorphisms
and the risk of developing pleural plaques, asbestosis,
and MM, as well as to study the influence of the inter-
actions between NLRP3 rs35829419 and CARD8
rs2043211 polymorphisms and asbestos exposure on
the risk of developing these diseases. 

Materials and Methods

The case-control study included 416 subjects
with pleural plaques, 160 patients with asbestosis,
154 subjects with MM and 149 subjects with no
asbestos disease. 

Subjects with pleural plaques, asbestosis and no
asbestos disease were occupationally exposed to
asbestos and presented at the State Board for the
Recognition of Occupational Asbestos Diseases in the
period from 1 January 1998 to 31 December 2007.
The diagnosis of pleural plaques, asbestosis or »no
asbestos-related disease« was confirmed by two
groups of experts from the State Board for the
Recognition of Occupational Asbestos Diseases, each
group consisting of an occupational physician, a pul-
monologist, and a radiologist.

Patients with MM were treated at the Institute of
Oncology Ljubljana in the period between 1 January
2004 and 31 December 2012. In all patients with
MM, thoracoscopy or laparoscopy/laparotomy was
performed. The diagnosis of MM was histologically
proved by a pathologist skilled in diagnosing this can-
cer. 

Data on smoking were obtained for all subjects
during an interview using a standardized question-
naire. The number of pack-years of smoking was cal-
culated from the duration of smoking, and the num-
ber of cigarettes smoked per day (38, 39). 

To determine the exposure to asbestos, a semi-
quantitative method was used. For the subjects with
pleural plaques, asbestosis, »no asbestos-related dis-
ease« and for 33 patients with MM, data on cumula-
tive asbestos exposure in fibres/cm3-years were avail-
able from the previous study (39). Based on these
data, the subjects were divided into three groups: low
(< 11 fibres/cm3-years), medium (11–20 fibres/
cm3-years) and high (> 20 fibres/cm3-years)

asbestos exposure. For patients with MM with no
cumulative asbestos exposure data, accurate work
history was obtained, and their asbestos exposures
were compared with exposures of the group of sub-
jects with known cumulative asbestos exposure and
were accordingly divided into three groups with pre-
sumed low, medium and high asbestos exposure, as
previously described (40). Reliable semi-quantitative
data on asbestos exposure could be obtained only for
81 MM patients.

For the genetic analysis, genomic DNA was
isolated from peripheral blood leukocytes or FTA
Mini Cards (Whatman Bioscience). The NLRP3
rs35829419 and CARD8 rs2043211 polymorphisms
were determined by using a fluorescent-based com-
petitive allele-specific polymerase chain reaction
(KAS Par) assay (LGC Genomics, UK) or real-time
PCR-based Taqman assay (Applied Biosystems, Foster
City, CA, USA) following the manufacturer’s instruc-
tions.

In the statistical analysis, standard descriptive
statistics was first performed, followed by univariate
and multivariate logistic regression modelling. The
possible interactions between genotypes as well as
between genotypes and asbestos exposure were test-
ed by logistic regression models using dummy vari-
ables. The dominant and additive genetic models
were used in the analysis. All statistical analyses were
performed using IBM SPSS Statistics version 21.0
(IBM Corporation, Armonk, NY, USA).

The study was approved by the Republic of
Slovenia National Medical Ethics Committee and was
carried out according to the Helsinki Declaration.

Results

The study included 879 subjects altogether;
among them, 645 (73.4%) were male and 234
female (26.6%). The median age of subjects was
56.70 (inter-quartile 50.00–64.90) years. Regarding
smoking, 431 (49.9%) were ever smokers, and 432
(50.1%) of them never smoked. Among smokers, the
median number of pack-years was 19 (inter-quartile
7.3–30). Asbestos exposure was low in 538 (67.60%)
subjects, medium in 104 (13.10%) and high in 154
(19.30%) subjects. 

The baseline characteristics of each subject
group (subjects without the asbestos-related disease,
patients with pleural plaques, asbestosis, MM) are
presented in Table I. No statistically significant differ-
ence was found among the groups regarding gender
and smoking (ever vs never smokers). On the other
hand, there was a statistically significant difference
considering age and asbestos exposure, as well as the
pack-years among smokers. However, in all groups,
the highest percentage of subjects had low asbestos
exposure (Table I). 



In univariate logistic regression analysis, a posi-
tive association was observed between age and
asbestosis (OR = 1.51, 95% CI 1.18–1.94, p =
0.001), and between age and MM (OR = 2.32, 95%
CI 1.79–3.01, p < 0.001). When considering patients
with MM as cases and subjects with pleural plaques
as controls, an increased risk of MM was found for
pack-years of smoking (OR = 1.32, 95% CI 1.13–
1.54, p = 0.001) (Table II). Asbestos exposure (medi-

um and high vs low) was associated with the risk of
each studied asbestos-related disease (Table II). 

The genotype frequencies for NLRP3 rs35829419
and CARD8 rs2043211 polymorphisms are shown in
Table III.

The results of univariate analysis of the associa-
tion between different asbestos-related diseases and
NLRP3 rs35829419 and CARD8 rs2043211 geno-
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Table I The baseline characteristics of each subject group (subjects without the disease, patients with pleural plaques, asbestosis
or malignant mesothelioma).

Table II The association between baseline characteristics and asbestos-related diseases (univariate analysis).

Missing data are presented in square brackets []. 
P-values were calculated using the chi-square test for categorical and Kruskal-Wallis test for continuous variables.

Characteristic
No disease
(N=149)

N (%)

Pleural plaques
(N=416)

N (%)

Asbestosis
(N=160)

N (%)

Malignant
mesothelioma

(N=154) 
N (%)

P

Gender Male
Female

107 (71.8)
42 (28.2)

298 (71.6)
118 (28.4)

121 (75.6)
39 (24.4)

119 (77.3)
35 (22.7)

0.486
Chi-

square=2.444,

Age (years)
Mean±SD

Median (25%–75%)
Min-max

55.3±9.3
53.5 (47.6–62.6)

35.4–77.8

55.5±9.354.6
(48.8–62.2)
34.5–85.8

58.8±9.2
59.1 (51.3–65.2)

37.2–81.8

63.5±10.4
65 (57–70)

19–84

<0.001
Test-statis-

tic=87.357

Smoking No
Yes

77 (51.7)
72 (48.3)

206 (50.9) 11
199 (49.1)

79 (49.7) 1
80 (50.3)

70 (46.7) 4
80 (53.3)

0.811
Chi-

square=0.961,

Pack-years
(smokers only)

Mean±SD
Median (25%–75%)

Min-max

20.7±15.0 2
20 (9.4–29.4)

0.1–65.3

17.9±14.7 1
15 (5–27.8)
0.05–67.6

24.7±16.7
24 (11.8–32.2)

0.15–64.5

26.0±20.4 4
20 (8–40)

1–79.5

0.002
Test-statis-

tic=14.518

Asbestos 
exposure

Low
Middle
High

122 (81.9)
11 (7.4)

16 (10.7)

295 (72.3) 8
41 (10.0)
72 (17.6)

83 (52.5) 2
29 (18.1)
46 (28.8)

38 (46.9) 73
23 (28.4)
20 (24.7)

<0.001
Chi-

square=333.371,
df=3

Characteristic Pleural plaques 
vs. no disease

Asbestosis vs. 
no disease MM vs. no disease MM vs. 

pleural plaques

OR (95% CI)          P OR (95% CI)        P OR (95% CI)        P OR (95% CI)        P

Gender 1.01 
(0.67–1.53)   0.967 0.82 

(0.49–1.36)   0.447 0.75 
(0.45–1.26)   0.276 0.74 

(0.48–1.15) 0.178

Age (for 10 
years difference)

1.02 
(0.84–1.26)    0.812 1.51 

(1.18–1.94)   0.001 2.32 
(1.79–3.01)   <0.001 2.37 

(1.91–2.93) <0.001

Smoking 1.03 
(0.71–1.50)    0.812 1.08 

(0.69–1.69)   0.727 1.22 
(0.78–1.92)    0.386 1.18 

(0.81–1.72) 0.380

Pack-years 
(smokers only, 
for 10 pack-year 
difference)

0.88 
(0.74–1.06)   0.172 1.18 

(0.96–1.45)   0.127 1.18 
(0.98–1.42)    0.081 1.32 

(1.13–1.54) 0.001

Asbestos exposure
(medium and high
vs. low)

1.73 
(1.08–2.77)   0.022 4.08 

(2.43–6.87)   <0.001 5.11 
(2.80–9.3)     <0.001 2.95 

(1.81–4.81) <0.001
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Table III Genotype frequencies of investigated polymorphisms in asbestos-exposed subjects.

Table IV The association between different asbestos-related diseases and genotypes in univariate analysis. 

Table V Multiplicative interaction between CARD8 rs2043211 and NLRP3 rs35829419 genotypes and between genotypes and
asbestos exposure.

0Missing data are presented in square brackets .

Polymorphism Genotype
All subjects
(N=879)

N (%)

No disease
(N=149)

N (%)

Pleural plaques
(N=416)

N (%)

Asbestosis
(N=160)

N (%)

Malignant
mesothelioma

(N=154)

CARD8
rs2043211 AA 389 (44.5) 4 74 (50.0) 167 (40.3) 2 74 (46.5) 1 74 (48.1)

p.Cys10Ter AT 382 (43.7) 57 (38.5) 190 (45.9) 68 (42.8) 67 (43.5)

TT 104 (11.9) 17 (11.5) 57 (13.8) 17 (10.7) 13 (8.4)

NLRP3
rs35829419 CC 785 (89.7) 4 133 (89.9) 1 375 (90.4) 1 145 (90.6) 132 (86.8) 2

p.Gln705Lys CA 88 (10.1) 15 (10.1) 39 (9.4) 14 (8.8) 20 (13.2)

AA 2 (0.2) 0 1 (0.2) 1 (0.6) 0

Polymorphism Genotype Pleural plaques vs 
no disease

Asbestosis vs 
no disease

MM vs 
no disease

MM vs 
pleural plaques

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

CARD8
rs2043211 AA reference reference reference reference

p.Cys10Ter AT 1.48 
(0.99–2.21) 0.058 1.19 

(0.74–1.92) 0.469 1.18 
(0.73–1.90) 0.508 0.80 

(0.54–1.18) 0.252

TT 1.49 
(0.81–2.73) 0.201 1.00 

(0.48–2.11) 1.000 0.77 
(0.35–1.69) 0.506 0.52 

(0.27–1.00) 0.049

AT+TT 1.48 
(1.01–2.16) 0.042 1.15 

(0.73–1.80) 0.545 1.08 
(0.69–1.70) 0.735 0.73 

(0.50–1.06) 0.099

NLRP3
rs35829419 CC reference reference reference reference

p.Gln705Lys CA+AA 0.95 
(0.51–1.77) 0.861 0.92 

(0.43–1.95) 0.822 1.34 
(0.66–2.74) 0.416 1.42 

(0.80–2.52) 0.229

Pleural plaques vs 
no disease

Asbestosis vs 
no disease

MM vs. 
no disease

MM vs 
pleural plaques

OR (95% CI) P OR 
(95% CI) P OR (95% CI) P OR (95% CI) P

CARD8 rs2043211 and
NLRP3 rs35829419 (both

dominant models)

0.74 
(0.21–2.66) 0.647 0.41 

(0.09–1.91) 0.254 0.37 
(0.09–1.58) 0.179 0.50 

(0.16–1.61) 0.245

CARD8 rs2043211 and
asbestos exposure

0.58 
(0.22–1.49) 0.256 0.63 

(0.22–1.79) 0.382 0.75 
(0.22–2.52) 0.638 1.30 

(0.49–3.46) 0.601

NLRP3 rs35829419 and
asbestos exposure

0.37 
(0.09–1.62) 0.188 0.09 

(0.01–0.60) 0.014 0.62
(0.11–3.62) 0.591 1.66 

(0.37–7.51) 0.513
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types are shown in Table IV. An increased risk of pleu-
ral plaques was found for the rs2043211 AT + TT
genotypes (OR = 1.48, 95% CI 1.01–2.16, p =
0.042). On the other hand, when the analysis was
done for MM patients as cases, and pleural plaques
patients as controls, a decreased risk of MM was
found for carriers of TT genotype (OR = 0.52, 95%
CI 0.27-1.00, p = 0.049). No association was found
either between other asbestos-related diseases and
CARD8 rs2043211 genotypes or between NLRP3
rs35829419 and different asbestos-related diseases
(Table IV). In the subsequent forward conditional
logistic regression analysis, the results did not change
considerably after adjustment for asbestos exposure,
age in and gender (Table VI). 

The interactions between NLRP3 rs35829419
and CARD8 rs2043211 genotypes did not influence
the risk of any asbestos-related disease. However,
when testing interactions between SNPs and asbestos
exposure, a multiplicative interaction was observed
with NLRP3 rs35829419 (OR = 0.09, CI 0.01–0.60,
p = 0.014) (Table V). A decreased risk of asbestosis
was found for NLRP3 CA + AA genotypes only in
subjects with medium or high asbestos exposure (OR
= 0.16, CI 0.03–0.92, p = 0.040) (Table VII).

Polymorphism Genotype Pleural plaques vs 
no disease

Asbestosis vs 
no disease MM vs no disease MM vs plaques

OR 
(95% CI) P OR 

(95% CI) P OR 
(95% CI) P OR 

(95% CI) P

CARD8
rs2043211 AA reference reference reference reference

p.Cys10Ter AT 1.47 
(0.98–2.20) 0.064 1.19 

(0.71–1.99) 0.517 0.91 
(0.47–1.77) 0.776 0.67 

(0.39–1.14) 0.137

TT 1.42 
(0.77–2.62) 0.260 1.14 

(0.51–2.57) 0.752 0.61 
(0.19–1.94) 0.403 0.37 

(0.14–0.96) 0.040

AT+TT 1.46 
(1.00–2.13) 0.052 1.18 

(0.72–1.92) 0.513 0.84 
(0.45–1.58) 0.595 0.59 

(0.36–0.99) 0.044

NLRP3
rs35829419 CC reference reference reference reference

p.Gln705Lys CA+AA 0.96 
(0.51–1.79) 0.887 1.10 

(0.49–2.51) 0.813 0.92 
(0.35–2.46) 0.874 1.50 

(0.70–3.21) 0.301

Table VI The association between different asbestos-related diseases and genotypes in multivariate analyses.

Table VII Multiplicative interaction between NLRP3 rs35829419 and asbestos exposure – asbestosis vs no disease.

Pleural plaques vs no disease: adjusted for asbestos exposure
Asbestosis vs no disease, MM vs no disease: adjusted for asbestos exposure, age, gender
MM vs plaques: adjusted for asbestos exposure, age

Asbestos exposure Asbestos exposure 
within NLRP3Low Medium and high

NLRP3
rs358294

19

No 
disease

(N)

Asbestosis
(N)

OR
(95% CI) P

No 
disease

(N)

Asbestosis
(N) OR (95% CI) P OR (95% CI) P

CC 110 70 1 reference 23 73 4.99 
(0.86–8.70) <0.001 4.99 

(0.86–8.70) <0.001

CA+AA 11 13 1.86 
(0.79–4.38) 0.157 4 2 0.79 

(0.14–4.40) 0.274 0.42 
(0.07–2.77) 0.369

NLRP3
within

asbestos
exposure

1.86 
(0.79–4.38) 0.157 0.16 

(0.03–0.92) 0.040



Discussion

It has been suggested that in addition to
asbestos exposure, genetic factors may also affect the
development of asbestos-related diseases (40–42).
This study investigated the influence of NLRP3
rs35829419 and CARD8 rs2043211 polymorphisms
on the risk of different asbestos-related diseases. 

As expected, asbestos exposure (medium and
high vs low) was associated with an increased risk of
developing all asbestos-related diseases studied,
which is in agreement with the results of previous
studies (18, 43–46).

An important finding of this study is that subjects
with CARD8 rs2043211 AT + TT genotypes had an
increased risk of pleural plaques compared to those
with rs2043211 AA genotype. This could be
explained by observing that A to T transversion in
CARD8 gene can introduce a stop codon at codon 10
(Cys10Stop) and produce a truncated CARD protein,
which is unable to suppress NF-kB activity. This results
in an increased production of pro-IL-1  and increased
inflammation (21, 23, 36, 47, 48). Considering that
asbestos fibres may provoke pleural inflammation,
this result could be biologically plausible (18).
According to our knowledge and available literature,
the association between CARD8 rs2043211 polymor-
phism and pleural plaques has not been studied yet.

Another interesting result of the current study
shows a decreased risk of developing MM compared
to those patients with pleural plaques who had
CARD8 rs2043211 TT genotype, which indicates a
protective effect. As described above, the activity of
truncated CARD8 protein is decreased, thus facilitat-
ing the inflammation response (23, 37) and conse-
quently the increased risk of developing MM, which
seems to be contrary to our findings. However, our
results are in agreement with studies investigating the
association between CARD8 rs2043211 genotypes
and other diseases (48, 49). Moreover, the investigat-
ed SNP represents only a fraction of the polymorphic
content of the CARD8 gene (48). Therefore, other

SNPs that may be responsible for the altered CARD8
function need to be further investigated. As NLRP3
inflammasome is involved in apoptosis (49), a
decreased activity of CARD8 protein may decrease
apoptosis. Considering that apoptosis is a key part of
the innate tumour-suppression mechanism (50), this
could explain the decreased risk of MM for CARD8
rs2043211 TT genotype. 

This study also revealed that NLRP3 polymor-
phism could modify the association between asbestos
exposure and asbestosis. A decreased risk of asbesto-
sis was found for subjects with NLRP3 CA and AA
genotype. Considering that inflammation has been
proposed to be involved in the development of
asbestosis and the role of NLRP3 in the inflammation
process, this interaction could be logical and biologi-
cally plausible. The results of our study are in agree-
ment also with the findings of Kukkonen et al., who
reported that the NLRP3 inflammasome is important
in the development of fibrotic lung disease by associ-
ating the NLRP3 rs35829419 variant allele with
increased risk of  asbestos-related  interstitial lung
fibrosis (23).

To our knowledge and available literature, the
influence of NLRP3 and CARD8 polymorphisms on
the risk of asbestos-related diseases has been not
studied yet. The results of the study suggest that
NLRP3 and CARD8 polymorphisms could affect the
risk of these diseases. However, further studies includ-
ing more subjects and also other NLRP3 and CARD8
polymorphisms are necessary to elucidate these asso-
ciations.
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