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Abstract

Objective In the present study, we analyzed the possible association of inflammasome gene variants and expression to
rheumatoid arthritis (RA)’s development and severity in the Brazilian population.

Materials and methods Thirteen single nucleotide polymorphisms within six inflammasome genes (NLRP1, NLRP3, NLRC4,
AIM2, CARDS, CASPI) as well as IL1B and IL18 genes in two different Brazilian populations (from Northeast and Southeast
Brazil) were analyzed. We also evaluated inflammasome gene expression profile in resting and LPS + ATP-treated mono-
cytes from RA patients and healthy individuals. For genetic association study, 218 patients and 307 healthy controls were
genotyped. For gene expression study, inflammasome genes mRNA levels of 12 patients and ten healthy individuals were
assessed by qPCR.

Results Our results showed that rs10754558 NLRP3 and rs2043211 CARDS polymorphisms are associated with RA devel-
opment (p value =0.044, OR =1.77, statistical power =0.999) and severity measured by Health Assessment Questionnaire
(HAQ) (p value =0.03), respectively. Gene expression analyses showed that RA patients display activation of CASP1, ILIB
and ILIR genes independently of LPS + ATP activation. In LPS + ATP-treated monocytes, NLRP3 and NLRC4 expressions
were also significantly higher in patients compared with controls.

Conclusions The first reported results in Brazilian populations support the role of inflammasome in the development of RA.
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Introduction

Rheumatoid arthritis (RA) is a complex and chronic
inflammatory disease associated with progressive joint
destruction, disabling and systemic complications. It is
characterized by proliferation of synovial tissue, autoan-
tibody production and systemic alterations such as car-
diovascular, pulmonary and dermatological [1, 2]. RA is
a disorder with an important sex bias, substantially more
affecting women from 30 to 50 years old [2, 3]. Even
though RA etiology remains unclear, it depends upon the
interaction between genetic and environmental factors.
The genetic component has a pivotal role in RA etiology
with several genes contributing in disease’s triggering [2,
4]. The majority of genetic variations associated with RA
development are within immune response-related genes,
with the human leukocyte antigen (HLA) variants being
the most well-known genetic risk factors [4].

The pathogenesis of RA encompasses abnormal innate
and adaptive immune responses, being tumor necrosis
factor and interleukin (IL)-6 the main pro-inflammatory
cytokines involved in RA pathogenesis [5, 6]. High levels
of IL-1p, secreted by monocytes, macrophages and den-
dritic cells, have also been involved in RA, revealing an
important role in bone resorption and cartilage destruc-
tion [7]. Indeed, the therapeutic inhibition of IL-1 reduces
signs and symptoms of RA as well as radiological damage.
Animal models of RA, such as collagen-induced arthritis
and antigen-induced arthritis, also respond to IL-1 inhibi-
tion [8, 9], underlining the importance of this cytokine in
disease’s development.

IL-1p secretion is induced by the activation of inflam-
masomes, which are multiprotein complexes capable
of promoting the processing and maturation of IL-1p.
Assembly of inflammasomes depends upon the activation
of intracellular receptors belonging to Nod-like receptors
and PHIN receptors families, such as NLR family pyrin
domain-containing 1 (NLRP1), NLR family pyrin domain-
containing 3 (NLRP3), NLR family CARD domain-con-
taining protein 4 (NLRC4) and absent in melanoma 2
(AIM2), the adaptor molecule apoptosis-associated speck-
like protein containing a CARD (ASC) and the effector
protein caspase-1. When sensing pathogen-associated
molecular pattern (PAMP) or danger-associated molecu-
lar pattern (DAMP), the intracellular receptors recruit the
adaptor protein ASC, which triggers the cleavage of pro-
caspase-1 into caspase-1. Activated caspase-1 processes
pro-IL-1P and pro-IL-18 cytokines into their mature and
secreted form. Inflammasome activation is strictly regu-
lated by transcriptional mechanisms (i.e., NF-kB-depend-
ent transcription of NLRP3, AIM2, ILIB), post-transduc-
tional modifications (i.e., ubiquitination, nitrosylation), as
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well as by endogenous proteins, such as caspase recruit-
ment domain-containing protein 8 (CARDS), which specif-
ically inhibit NLRP3-inflammasome activation. Pro-IL-1f
production is dependent on NF-kB role, being the cytokine
secretion a two-stage process [10—12].

Mutations in inflammasome genes may cause rare auto-
inflammatory disorders characterized by constitutively
elevated level of IL-1f contributing to the systemic inflam-
matory presentation [13]. Polymorphisms in inflammasome
genes have been associated to more common chronic inflam-
matory disorders, such as systemic lupus erythematosus
[14], psoriasis [15], Crohn’s disease [16, 17], celiac disease
[18, 19], type 1 diabetes [18, 20] and vitiligo [21]. Previ-
ous studies reported the association between NLRP3 and/or
CARDS and RA in different populations [22-27], and despite
their heterogeneity, the results pointed out a major role of
NLRP3-inflammasome dysregulation in RA pathogenesis.

Herein, we first performed in Brazilian populations a
genetic association study to assess inflammasome and also
ILIB and IL18 gene polymorphisms and the susceptibility to
RA and its clinical manifestations. Moreover, we analyzed
inflammasome components genes as well as IL/B and ILIR
expression profile in peripheral blood-derived monocytes
from RA subjects with and without inflammasome activa-
tion in vitro.

Methods
Genotyping study
Subjects

For this study, a total of 218 RA patients and 307 healthy
individuals, all from Brazil, were enrolled. The Northeastern
sample comprised 128 patients (mean age 51.3 +11.7 years;
mean age at diagnosis 42.1+11.7 years; 122 females and 6
males) and 149 healthy individuals (mean age 39.2 +14.2
years; 122 females and 27 males) from the state of Pernam-
buco, Northeastern Brazil. The Southeast sample comprised
90 patients (mean age 55.7 +10.8 years; mean age at diag-
nosis 44.8 +13.2 years; 83 females and 7 males) and 158
healthy controls (mean age 37.4+11.3 years; 76 females
and 82 males) from state of Sdo Paulo, Southeast Brazil.
Patients from Northeastern Brazil were under care of the
Division of Rheumatology of Hospital das Clinicas from
Federal University of Pernambuco, whereas patients from
Southeast Brazil were recruited from Division of Clinical
Immunology of University Hospital of the School of Med-
icine of Ribeirdo Preto, University of Sdo Paulo. All RA
patients were diagnosed according to the American College
of Rheumatology (ACR) criteria [28]; control individuals
were healthy blood donors without previous family history
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of autoimmune diseases, as reported in appropriate question-
naire. The patients were evaluated for the presence of rheu-
matoid factor and bone erosions. Disease activity score in 28
joints (DAS28) [29, 30] and Health Assessment Question-
naire (HAQ) [31] were applied to patients as a measurement
of disease activity and functional disability, respectively.
Aiming to maintain a good statistical power, and also
to report the results as from the Brazilian population as a
whole, we joined the two groups into one, and then correct
the analysis by geographical origin and demographic data.
The demographic and clinical features from all assessed RA
patients and controls are shown in Supplementary data 1.
All procedures involving human participants were in
accordance with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. All the par-
ticipants provided a written informed consent approved by
the local Research Ethics Committee (Southeast: HCRP
2981/2009 and Northeast: CAAE 03065312.3.0000.5208).

DNA isolation

Genomic DNA was isolated from whole blood samples,
using DNA Wizard Genomic DNA Purification Kit (Pro-
mega, USA) according manufacturer’s protocol or using a
salting out method [32].

SNPs selection and genotyping

Thirteen SNPs within ILIB, IL18, NLRP1, NLRP3, NLRCH4,
AIM?2, CARDS and CASPI genes were selected according to
previously reported association studies [18, 19] and/or their
functional effect on protein activity [16] or mRNA stability
[33]. More details about all assessed SNPs are reported in
Supplementary data 2.

SNPs genotyping was performed using fluorogenic allele-
specific probes (Tagman Probes, Applied Biosystems, USA)
on an ABI7500 sequence detection system (Applied Biosys-
tems, USA).

Statistical analysis

Genotype distribution was compared for Hardy—Weinberg
(HW) equilibrium using genotype transposer [34]. At a first
sight, considering RA patients and controls independently
of their geographical origin, the allele and genotype frequen-
cies of controls and RA patients were compared using Chi-
square test. Binary logistic regression was used to confirm
the association between the polymorphisms and RA, adjust-
ing for origin of sample and gender. Bonferroni’s correction
for multiple comparisons was applied (pBonf=observed p
value x N, N=number of studied polymorphisms within
the same gene). The possible association of the assessed
polymorphisms with DAS28 and HAQ in RA patients was

analyzed using the likelihood ratio test. The significance
level was set at «=0.05 (two tailed). All statistical analyses
were performed with SPSS 16.0 (SPSS, Inc., Chicago, IL,
USA). The eventual presence of linkage disequilibrium (LD)
between polymorphisms within the same gene and the asso-
ciation of haplotypes with RA susceptibility were evaluated
using the online software SNPStats [35]. The power was
verified using G*Power software 3.1.9.2 [36].

Inflammasome genes expression profile
in peripheral blood monocytes

Heparinized whole blood samples were obtained from
twelve post-menopausal RA female patients (mean age
50.42+13.91 years) and ten healthy post-menopausal female
controls (HC) (mean age 57.5 + 8.14 years) from metropoli-
tan area of state of Pernambuco. None of the patients or con-
trols had received systemic treatment recently, as corticos-
teroids drugs. To evaluate the correlation of inflammasome
mRNA levels and RA activity, measured by DAS28, patients
were stratified as high disease activity (DAS28>5.1),
moderate disease activity (3.2 <DAS28 <5.1), low dis-
ease activity (2.6 <DAS28 <3.2) or disease in remission
(DAS28<2.6) [29, 30].

Peripheral blood monocytes were isolated by adherence
from PBMCs obtained by centrifugation over Ficoll-Paque
(Sigma-Aldrich, USA) gradient. An amount of 5x 10°
PBMCs/well was cultured in RPMI 1640 containing 10%
fetal bovine serum in 24-wells microplate (Invitrogen, Life
Technology, USA). For this assay, we performed biologi-
cal replicates. Monocytes were stimulated with 1 pg/ml
lipopolysaccharide (LPS; Sigma-Aldrich) for 4 h and 1 mM
adenosine triphosphate (ATP; Sigma-Aldrich) for 15'. After
incubation supernatants were collected for cytokines meas-
urement, cells were lysed for mRNA isolation and gene
expression analysis. RNA isolation from monocytes was per-
formed using the RNAqueous micro kit (Ambion, Life Tech-
nologies, USA), following the manufacturer’s instructions.
The RNA samples were stored at — 80 °C until used and
RNA integrity analysis was performed by gel electrophoresis
and quantification by Nanodrop 2000 (Thermo Scientific,
USA). cDNA synthesis was performed with SuperScript III
First-Strand Synthesis System for RT-PCR kit (Invitrogen,
Life Technology, USA).

The major inflammasome genes, NLRPI, NLRP3,
NLRC4, AIM2, ASC/PYCARD and CASP1, and ILIB and
ILIR genes were amplified with specific TagMan Gene
Expression Assays using the ABI 7500 SDS platform
(Applied Biosystems, USA). GAPDH was the reference
gene used for normalization. Relative quantitative expres-
sion was calculated comparing RA and healthy individuals
cells (fold change (FC)=RA 272°YHC 272%9) following the

@ Springer



258

C. Addobbati et al.

indications by Schmittgen and Livak, 2008 [37]. Student’s ¢
test was applied to compare different groups.

IL-18 measurement

The IL-1p secreted by monocytes was measured with ELISA
kit (R&D systems, USA) following manufacturer’s protocols
and results were expressed in picograms per milliliter. One-
way ANOVA test with Bonferroni post-test was applied to
compare IL-1p secretion in RA and healthy controls cells as
well as stimulated and resting cells.

Results
Genetic association study

Genotype distributions were in Hardy—Weinberg equilibrium
for the assessed SNPs with exception of NLRP3 rs35829419
and IL1B rs1143643 SNPs in the controls (p value=0.0001
and 0.0419, respectively). No association was observed
among polymorphisms within NLRP1, NLRC4, AIM2,
CASP1, ILIB and IL18 genes and RA in studied population.
Genotype and allele frequencies are shown in Table 1.

Considering RA patients and controls independently of
their geographical origin, it showed a significant association
between the NLRP3 rs10754558 SNP [C > G] and RA sus-
ceptibility with a statistical power=0.999. The C allele and
C/C genotype were significantly more frequent in patients
than in controls (67 vs 56%, p value=0.005, OR=1.59, 95%
CI=1.23-2.05; and 47 vs 32%, p value=0.0036, OR =2.23,
95% CI=1.32-3.75, respectively). After applying Bonfer-
roni’s correction, the association remained statistically sig-
nificant (pBonf=0.01 and 0.007, respectively).

When we performed a binary logistic regression adjust-
ing for gender and geographical origin of sample, the asso-
ciation of C/C genotype for NLRP3 rs10754558 SNP with
susceptibility to RA remained statistically significant (p
value =0.044, OR=1.77, 95% CI=1.23-3.09) (Table 1),
suggesting that the association is not affected by gender or
origin.

The association of the studied SNPs with Rheumatoid
Factor production and bone erosions development was eval-
uated and no significant association was observed. Also, the
association between SNPs and disease activity, measured by
DAS28, was not detected (data not shown).

When we assessed the influence of the studied polymor-
phisms on disease activity (DAS28) and patient’s func-
tional disability (HAQ), the association between CARDS
rs2043211 SNP [A > T] and a higher mean for HAQ was
observed. Patients homozygous for T allele presented a
higher functional disability (HAQ mean=2.13 +0.20)
when compared to homozygous for A allele (HAQ
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mean=1.32+0.11) and heterozygous patients (HAQ
mean=1.41+0.10). This association was observed in both
codominant [p value =0.03, Akaike Information Crite-
rion (AIC)=309.2] and recessive model (p value=0.01,
AIC=307.5) (Table 2).

Linkage disequilibrium was found for polymorphisms
rs12150220 [A > T] and rs2670660 [A > G] within NLRP1
(D" = 87), 15455060 [A > G] and rs212713 [T > C] within
NLRC4 (D' = 0.94) and also for polymorphisms rs1143643
[C>T] and rs1143634 [G> A] in ILIB gene (D' = 0.82).
However, the observed haplotypes were not differentially
distributed between RA patients and healthy individuals
(Data not shown).

Inflammasome expression analyses

We evaluated the expression of major inflammasome genes
(NLRP1, NLRP3, NLRC4, AIM2, ASC and CASP]I) and of
IL-1p cytokine and its receptor genes (ILIB and ILIR) in
non-stimulated/resting and LPS + ATP-stimulated mono-
cytes from twelve RA patients and ten healthy controls.
First, basal as well as LPS + ATP-stimulated expression was
evaluated comparing RA patients with controls. We found
a statistical significant increase in the basal expression of
CASP]I (+499.02-fold, p value=0.01), IL1B (+2.976-fold,
p value=0.003) and ILIR (+216.6-fold, p value =0.013)
genes in untreated monocytes from RA patients when com-
pared with untreated monocytes from healthy individuals
(Fig. 1a). In LPS + ATP-treated monocytes, NLRP3 (+ 14.5-
fold, p value=0.002), NLRC4 (4 53.88-fold, p value=0.04),
CASPI (+19.1-fold, p value=0.004), ILIB (+19.7-fold, p
value=0.004) and ILIR (+ 14.1-fold, p value=0.007) genes
were statistical significantly upregulated in monocytes from
RA patients compared to monocytes from control individu-
als (Fig. 1b).

LPS + ATP-induced IL-1p secretion in monocytes from
RA (LPS + ATP versus ATP: p=0.007; LPS + ATP ver-
sus resting: p=0.006) as well as from healthy individuals
(LPS + ATP versus ATP: p=0.002; LPS + ATP versus rest-
ing, p=0.006). The stimulation with LPS induced a small
increase in IL-1p secretion in controls; however, a greater
augmentation was observed in LPS + ATP cells. In RA cells,
LPS as well LPS + ATP were able to induce a similar incre-
ment in IL-1p secretion.

IL-1p secretion was incremented in RA patients compared
to controls in resting (mean=6.12+10.8 vs. 2.13 +2.98 pg/
ml), +ATP (12.6 +19.1 vs. 2.65 +3.26 pg/ml), +LPS
(124.2+129.7 vs. 16.12 +8.8 pg/ml) and in LPS + ATP
cells (287.75+175.63 vs. 273.7 + 174 pg/ml, respectively).
However, no statistical significance was observed between
RA and healthy individuals (Fig. 2).

When we evaluated the correlation of inflammasome
components and /LI/B and ILI8 mRNA levels with RA
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95% CI

P OR

RA, n (%)

Controls, n (%)

SNPs

95% CI

OR

p

RA, n (%)

Controls, n (%)

Table 1 (continued)
CARDS rs2043211

SNPs
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300 (69)
136 (31)
99 (45)

434 (72)

0.89-1.53

1.17

0.28

168 (28)
157 (52)
120 (40)
24 (8)

AA
AT

0.94-1.94

1.35
1.12

0.13
0.87

102 (47)

17 (8)

0.57-2.2

TT

RA rheumatoid arthritis, p Chi-square test p value, OR odds ratio, CI confidence interval, ND not determined

*Due to technical issues, only 145 healthy individuals were genotyped for SNP rs1946519

0.01

p value after Bonferroni correction

0.007

“Binary logistic regression, adjusted by sex and origin of sample: p

bp value after Bonferroni correction

0.044, OR=1.77,95% CI=1.23-3.09

activity, measured by DAS28, no statistical significance was
observed (Data not show).

Discussion

In the last years, substantial information has emerged con-
necting deregulated inflammasome signaling to inflamma-
tory diseases. In this study, we evidenced for the first time
the association between SNPs in inflammasome genes and
RA development in the Brazilian population. In addition, we
demonstrated a dysregulated expression of some inflamma-
some components as well as IL-1p cytokine and its receptor
genes (ILIB and ILIR) in RA patients.

The NLRP3 rs10754558 [C > G] C allele seems to con-
fer an augmented risk for the development of RA when in
homozygosis (OR =1.77) with a power up to 99.9%; the
moderate value of OR suggest that being RA a multifacto-
rial trait NLRP3 SNP gives a partial contribution to dis-
eases susceptibility. This SNP is located within the 3'UTR of
NLRP3 gene and according to the PolymiRTS Database 2.0
(http://compbio.uthsc.edu/miRSNPY/) its occurrence affects
the binding of miRNAs. In the presence of G allele, there is
a binding site for miR-3529-3p and miR-549a, while the C
allele abrogates such site, but gives rise to a binding site for
miR-146a-5p, miR-146b-5p, miR-589-5p and miR-7153-5p.
If and how rs10754558 SNP interferes with the binding of
these miRNAs in vivo remains to be further elucidated.
According to Hitomi et al., 2009, functional analyses of
NLRP3 rs10754558 SNP showed that allele G influences
higher NLRP3 expression (1.4-fold) by altering mRNA sta-
bility (34). The eventual effect of this 1.4-fold increasing
in NLRP3 expression on the inflammasome activation has
not been investigated. The C allele was also associated to
type 1 diabetes mellitus susceptibility [18] and to systemic
lupus erythematosus development (personal communication,
manuscript submitted), suggesting a role of this polymor-
phism in autoimmunity development.

When considering inflammasome SNPs in RA clini-
cal manifestations, we observed the association between
CARDS8 152043211 SNP [A>T] (p.C10X) and disease’s
severity. Patients homozygous for T allele presented a higher
functional disability measured by HAQ. CARDS interacts
physically with caspase-1 and negatively regulates caspase-
1-dependent IL-1p expression and nuclear factor NFxB acti-
vation [38—41]. The rs2043211 polymorphism introduces
a premature stop codon (Cys > Stop), which results in the
expression of a severely truncated protein [42]. The exact
role of CARDS in inflammasome biology is still unclear.
It has been proposed that CARDS acts as a modulator of
NLRP3 activation or it exerts an inflammasome independent
role, as NF-kB inductor [43]. CARDS8 C10X variation leads
to an increased secretion of IL-1p, especially in combination
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Table 2 Association between

n HAQ mean +SD dif 95% CI p AIC

CARDS8 152043211 SNP and a
higher functional disability Codominant model

A/A 61 1.32+0.11 0

A/T 58 1.41+0.10 0.09 —0.20t0 0.37 0.03 309.2

T/T 8 2.13+0.20 0.80 0.21 to 1.39

Recessive model
A/A-A/T 119 1.36+0.07 0
T/T 8 2.13+0.20 0.76 0.19 to 1.33 0.01 307.5

dif HAQ mean difference in relation to A/A genotype, CI confidence interval, p p value, AIC Akaike infor-

mation criterion

3000
2950 1
2900 7
2850 1
2800 1
2750 1
2700 = 2
500 ]

400 7

300 1

200 1

100 -

1]

Non-stimulated monocytes

A\
W

FC (RA 2"-deltaCT/HC 2*-deltaCT) ™

NLRP3 NLRP1 AIM2 CASP1* NLRC4 IL1B* IL1R* PYCARD

60

LPS+ATP-stimulated monocytes

50 4

40 1

30 1

20 1

10

FC (RA 2"-deltaCT/HC 2*-deltaCT) ™

1

NLRP3* NLRP1 AIM2 CASP1* NLRC4* IL1B* IL1R* PYCARD

Fig.1 NLRP3, NLRPI, AIM2, CASPI, NLRC4, ILIB, ILIR and
PYCARD gene expressions in RA patients compared with healthy
controls (HC). The results were normalized to GAPDH expression.
Target gene expression in healthy controls was normalized to 1 (not
reported in the graph) and fold change (FC) is reported as RA 272€T/
HC 274€T, a Expression in non-stimulated monocytes. b Expression
in LPS + ATP-stimulated monocytes. *p value <0.05

with NLRP3 Q705K [16]. Moreover, this variation was asso-
ciated to an increased induction of NFkB activity and its
translocation to the nucleus [44], which leads to high con-
stitutive levels of pro-IL-1f and tumor necrosis factor «,
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Fig.2 IL-1f secretion in healthy controls (HC) and RA patients in
non-stimulated monocytes (R); ATP-stimulated monocytes (ATP);
LPS-stimulated monocytes (LPS); and LPS + ATP-stimulated mono-
cytes (LPS + ATP). *p<0.05

mediators of inflammation in RA [45]. Furthermore, NF-kB
has been reported to contribute to the proliferation of syno-
vial cells, and consequently, to bone and cartilage destruc-
tion [46, 47].

Kastbom et al., 2010 [27] and Fontalba et al., 2007 [44]
also described an association between CARDS p.C10X
polymorphism and RA severity in Swedish and Spanish
patients, respectively. Different from our study, both studies
assessed RA severity through cumulative amount DAS28
over 2 years, while we have chosen to measure the sever-
ity of the disease by the HAQ due to the fluctuation of the
DAS28 during the course of the disease. However, our study
corroborates the involvement of CARDS p.C10X polymor-
phism in RA severity and then its possible use as a genetic
prognostic marker for RA.

The combination between the minor alleles for NLRP3
rs35829419 (Q705K) and CARDS 152043211 (p.C10X)
polymorphisms was described as associated with delayed
apoptosis of neutrophils [48] and RA susceptibility and
severity [22]. However, it was not possible to confirm this
association in our population, as the NLRP3 A/A genotype
was not found in our patients group. When we tested the
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combination between the other genotypes for those poly-
morphisms, no significant association was observed.

Moreover, our results corroborate the findings from
Garcia-Bermudez et al., 2013 [26], Hamad et al., 2011
[24] and Kastbom et al., 2010 [27], which demonstrated
the lack of association of CARDS rs2043211 with RA sus-
ceptibility when individually analyzed in Spanish, French,
Tunisian and Swedish populations. Despite the association
between the rs2043211 SNP and RA severity, this SNP
was not associated to bone erosions and rheumatoid factor
in our population.

When we assessed the gene expression profile for RA
patients, we found a statistical significant upregulation
of CASPI, ILIB and ILIR genes in untreated monocytes
from RA patients when compared with healthy individu-
als. This result suggests that RA patients are characterized
by a chronic expression of CASPI, ILIB and ILIR genes.
In LPS + ATP-treated monocytes from RA patients, the
same genes were upregulated but accompanied by NLRP3
and NLRC4 genes. This increased expression of CASPI,
ILIB and ILIR in stimulated monocytes from patients
may be consequence of the previous upregulation in rest-
ing monocytes. The observed augmented expression of
NLRP3 and NLRC4 genes in patients after stimulus prompt
us to hypothesize that NLRP3 and NLRC4 transcriptions
are dysregulated in RA patients, contributing to the estab-
lishment of the exacerbated inflammation observed in the
disease. When we compared the gene expression between
patients with disease in remission and patients with high
disease activity, no statistical difference was observed,
suggesting that the treatment of patients is efficient to con-
trol the disease symptoms but may be not able to control
the deregulation of inflammasome.

Being aware that other mechanisms may influence upon
IL-1p production overall, the observed differences in inflam-
masome components and IL-1p and its receptor genes
expression between patients and healthy controls are accom-
panied by IL-1p secretion ex vivo monocytes. In all studied
conditions, the RA monocytes secreted higher amounts of
IL-1p. Basal secretion of IL-1f in RA monocytes was higher
compared to healthy ones, indicating a constitutive secretion
of pro-inflammatory cytokine.

The exact mechanisms responsible for the production and
secretion of IL-1f remain unclear, but two signals are tradi-
tionally required. The first signal, in our case LPS, induces
the transcription of pro-IL-1f and inflammasome subunits;
the second signal promotes rapid activation of caspase-1 and
then secretion of mature IL-1p [49, 50]. This second signal
is provided by reduction of intracellular K + generated by
ATP stimulus. Of note in both LPS-stimulated and ATP-
stimulated RA monocyte, the signals individually are suf-
ficient to induce an augment of IL-1f secretion, without the
common first or second signal mediation (Fig. 2), suggesting
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an inflammasome complex more prone to activation in RA
monocytes than in healthy ones.

Mathews et al., 2014 [23] also showed a higher NLRP3
and CASPI expression in RA patients. However, in this
study, the gene expression was characterized directly in
peripheral blood mononuclear cells of patients. Thereby,
the upregulation of these inflammasome components could
be due to the abundant release of DAMPs upon tissue dam-
age, typical in RA pathogenesis [51-53]. Differently, our
study evaluated the inflammasome gene expression in RA
and control individual’s monocytes under the same condi-
tions, proving indeed the dysregulated transcription of these
inflammasome components.

The importance of NLRP3 in RA pathogenesis is con-
firmed by the findings of increased NLRP3 mRNA in the
synovium of RA patients compared to individuals suffer-
ing from non-autoimmune osteoarthritis [25]. The NLRP3-
inflammasome was described as an activator of both apop-
totic and pyroptotic cell death [54]. Therefore, besides the
excessive IL-1p secretion, the deregulated activation of this
complex may exacerbate the cell death, contributing to the
inflammatory process and its maintenance in RA disease.

Conclusion

In conclusion, herein, we provide enough data to infer that
CASP1, ILIB and ILIR are activated in RA patients as well
as NLRP3 and NLRC4 genes are dysregulated transcript
upon stimulus. We also demonstrated that NLRP3 and
CARDS polymorphisms are associated to RA susceptibil-
ity and severity in our studied populations. These results
are useful to help understanding the role of inflammasome
complex in RA.
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