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Hand osteoarthritis (HOA) includes diﬀerent subsets; a particular and uncommon form is erosive HOA (EHOA). Interleukin- (IL-)
1β plays a crucial role in the pathogenesis of osteoarthritis (OA); it is synthesized as an inactive precursor which requires the
intervention of a cytosolic multiprotein complex, named inﬂammasome, for its activation. The aim of this study was to
investigate the involvement of IL-1β and the NOD-like receptor pyrin domain containing 3 (NLRP3) inﬂammasome in patients
with EHOA and nonerosive HOA (NEHOA) compared to healthy controls. In particular, we evaluated the gene expression of
IL-1β and NLRP3, the serum levels of IL-1β, IL-6, IL-17, and tumor necrosis factor- (TNF-) α, and the protein levels of IL-1β
and NLRP3. We also assessed the relationships between IL-1β and NLRP3 and clinical, laboratory, and radiological ﬁndings.
Fifty-four patients with HOA (25 EHOA and 29 NEHOA) and 20 healthy subjects were included in the study. Peripheral blood
mononuclear cell (PBMC) gene and protein expressions of IL-1β and NLRP3 were quantiﬁed by quantitative real-time PCR and
western blot. IL-1β, IL-6, IL-17, and TNF-α serum levels were determined by ELISA. IL-1β gene expression was signiﬁcantly
reduced (p = 0 0208) in EHOA compared to healthy controls. NLRP3 protein levels were signiﬁcantly increased in the NEHOA
group versus the control (p = 0 0063) and EHOA groups (p = 0 0038). IL-1β serum levels were not signiﬁcantly diﬀerent across
the groups; IL-6, IL-17, and TNF-α were not detectable in any sample. IL-1β concentrations were negatively correlated with the
Kellgren-Lawrence score in the whole population (r = −0 446; p = 0 0008) and in NEHOA (r = −0 608; p = 0 004), while IL-1β
gene expression was positively correlated with the number of joint swellings in the EHOA group (r = 0 512; p = 0 011). Taken
together, our results, showing poorly detectable IL-1β concentrations and minimal inﬂammasome activity in the PBMCs of
HOA patients, suggest a low grade of systemic inﬂammation in HOA. This evidence does not preclude a possible involvement
of these factors at the local level.

1. Introduction
Osteoarthritis of the hand (HOA) is a common form of osteoarthritis (OA), aﬀecting a large percentage of the population
over 50 years [1]. HOA is generally considered a heterogeneous group of diseases including diﬀerent subsets [2]. A
particular and uncommon subset of HOA is the so called
erosive osteoarthritis of the hand (EHOA) characterized by
an abrupt onset, inﬂammatory signs, and importantly, more
disability than nonerosive hand OA (NEHOA) [3]. EHOA

mainly aﬀects the distal and proximal interphalangeal (IP)
joints with prominent destructive damage, consisting of subchondral erosions and bone ankylosis [4, 5]. The diagnosis of
EHOA is commonly based on characteristic radiographical
changes including typical central erosions, collapse of the
subchondral bone, and the “gull-wing” and/or “saw-tooth”
deformity [4]. Laboratory ﬁndings, including rheumatoid
factor, anticyclic citrullinated peptide antibodies are usually
negative, while contrasting data have been reported about
erythrocyte sedimentation rate (ESR) and high sensitivity C

2
reactive protein (hsCRP) levels [6–8]. Recent data from various pilot studies showed an increase of biomarkers of joint
inﬂammation such as myeloperoxidase [9–11].
There has been much debate in recent years regarding the
role of systemic inﬂammation in erosive and nonerosive
HOA [12, 13]. Diﬀerent inﬂammatory cytokines, such as
interleukin- (IL-) 1β, IL-6, IL-17, and tumor necrosis factor
alpha (TNF-α), released from various cell types can promote
HOA cartilage degradation, synovial inﬂammation, and disease progression [14–17].
IL-1β plays a crucial role in the local pathogenesis of OA
leading to the release of cartilage-degrading enzymes, such as
metalloproteinases (MMPs) and aggrecanases (ADAMTS-4
and 5), from chondrocytes and inhibiting the production of
the extracellular matrix [18, 19]. IL-1β is synthesized as an
inactive precursor (pro-IL-1β) which requires cleavage of
its amino-terminal region by caspase 1 to produce the active
form. The activation from pro-caspase 1 to caspase 1 requires
the intervention of large cytosolic multiprotein complexes,
named inﬂammasomes [20]. NOD-like receptor pyrin
domain containing 3 (NLRP3) is the most studied subtype
of inﬂammasome. Inﬂammasome proteins are mainly
expressed in innate immune cells, as monocytes and macrophages, as well as in neutrophils and mesenchymal cells,
including osteoblasts and chondrocytes [21]. NLRP3 is activated by danger-associated molecular patterns (DAMPs)
and pathogen-associated molecular patterns (PAMPs), such
as ATP and crystalline agonists including calcium pyrophosphate dihydrate (CPPD) and monosodium urate (MSU) [22].
Other pathways of activation of pro-IL-1β are mediated by
some extracellular proteases (trypsin, chymotripsin, cathepsin G, and elastase) or by MMPs, particularly MMP-9 [23].
In the last decade, several studies have highlighted the
central role of the NLRP3 inﬂammasome in the pathogenesis
of inﬂammatory and immune disorders [24]. Conversely,
there are few contrasting reports about the involvement of
NLRP3 inﬂammasome in the pathophysiology of OA [25].
The aim of this study was to investigate the possible
involvement of IL-1β and the NLRP3 inﬂammasome in
patients with EHOA and NEHOA in comparison to healthy
controls. In particular, we evaluated the gene expression and
the protein levels of IL-1β and NLRP3 by quantitative
real-time PCR and western blot analysis in the peripheral
blood mononuclear cells (PBMCs); in addition, the serum
levels of IL-1β, IL-6, IL-17, and TNF-α by the ELISA assay
were also assessed. Furthermore, we investigated the relationships between IL-1β and NLRP3 and the clinical, laboratory, and radiological parameters studied in EHOA and
NEHOA patients.
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Patients were divided into EHOA and NEHOA groups.
EHOA was deﬁned by the presence of the classical central
erosion in at least two IP joints [4]. We identiﬁed 25 EHOA
patients and 29 NEHOA. A control group was represented
by 20 healthy subjects without hand joint pain and/or tenderness and ﬁnger nodes. These subjects did not show clinical
signs of OA in any articular joints and were not aﬀected by
other autoimmune or inﬂammatory disorders.
The main exclusion criteria included the presence of
inﬂammatory rheumatic and bowel diseases and personal
and/or familial history of psoriasis. Furthermore, patients
treated in the last year with immunosuppressants or symptomatic slow-acting drugs for osteoarthritis (SySADOA),
such as chondroitin sulphate, glucosamine sulphate, diacerein, avocado/soybean unsaponiﬁables, and intra-articular
hyaluronic acid or nutraceuticals [27], were excluded.
All participants gave written informed consent before
inclusion. The study was approved by the Local Ethical
Committee (decision no. 30.11.07).
2.2. Clinical and Radiographic Assessment. Demographic and
clinical data including age, gender, height, weight, BMI, disease duration, concomitant hip and knee OA involvement
[28], smoking, and medical history of type II diabetes mellitus, hypertension, cardiovascular (CV) diseases, or autoimmune thyroiditis were collected at the time of enrollment.
All patients underwent an anteroposterior X-ray projection
of both hands; the radiological assessment was carried out
by consensus opinion (joint wise at the same time) by two
experienced readers, according to the Kellgren-Lawrence
score [29].
Clinical evaluation also included swollen joint count,
ESR, serum CRP concentrations, the patient’s assessment of
spontaneous hand pain on a 0-100 mm visual analogue scale
(VAS), and the functional index for hand osteoarthritis
(FIHOA) validated in Italian language [30, 31].

2. Patients and Methods

2.3. Serum Collection and Isolation of PBMCs. Overnight fasting blood samples (6 ml) were obtained from an antecubital
vein with the subject in the supine position. The blood was
immediately centrifuged, and the serum was stored at -80°C
until following analysis. EDTA-treated blood was separated
in its fractions by Ficoll (Ficoll-Paque GE Healthcare, UK)
density gradient centrifugation to collect the plasma and
PBMCs. The total cell lysates were obtained with M-PER™
Mammalian Protein. Extraction Reagent (Thermo Fisher Scientiﬁc, Rockford, IL, USA) containing a protease inhibitor
cocktail (Sigma-Aldrich S.r.l., Milan, Italy), while the total
RNA was extracted from PBMCs using the TRIzol reagent
according to the manufacturer’s instructions (Thermo
Fisher Scientiﬁc, Waltham, USA).

2.1. Study Population. Fifty-four Caucasian outpatients who
fulﬁlled the American College of Rheumatology criteria for
hand osteoarthritis [26] were recruited in the Rheumatology Unit of Siena Hospital from December 2014 to March
2016. All patients underwent radiographic examination of
the hands.

2.4. ELISA Assay of IL-1β, IL-6, IL-17A, and TNF-α. IL-1β
levels were quantiﬁed using the Cymax™ Human ultrasensitive IL-1β ELISA assay (L.O.D. 1.90 pg/ml; Ab Frontier,
Korea).
IL-6 and TNF-α serum levels were quantiﬁed using the
Human IL-6 PicoKine ELISA kit (L O D <0 3 pg/ml) and
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Human TNF-α PicoKine ELISA kit (L O D <1 pg/ml),
respectively (Vinci-Biochem srl., Italy).
IL-17 serum levels were assessed by Human IL-17A
Platinum Kit ELISA (L.O.D. 1.6 pg/ml; Invitrogen, Thermo
Fisher Scientiﬁc, Italy).
Reagents and assay procedures were prepared according
to the manufacturer’s guidelines. The products of the enzymatic reactions were immediately read by a Microplate Spectrophotometer (Tecan Group Ltd., Switzerland) and by a
Microplate Reader (BioTek Instruments Inc., USA). A standard curve was created from plate data, and the unknown
values were extrapolated in Microsoft Excel.
2.5. RNA Extraction and Real-Time PCR. Real-time PCR was
used to measure gene expression of NLRP3 and IL-1β relative
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
RNA was extracted from cell pellets which were already
stored in TRIzol Reagent (Thermo Fisher, U.S.A.). The concentration of RNA was measured using the NanoDrop 2000
(Thermo Fisher, U.S.A.). cDNA was then reverse transcribed
from 80 ng of RNA using the Transcriptor First Strand
cDNA Synthesis Kit (Roche Diagnostics, U.K.) on the Prime
Thermal Cycler (Techne, U.K.).
Real-time PCR was performed using the LightCycler 480
II and the LightCycler 480 Probe Master Reagents and probes
(Roche, Switzerland). PCR grade water, a minus RT control,
a probe control (probe, probe master mix control, and
water), and a cDNA control (cDNA template, PCR grade
water, and probe master mix) were run on each plate. Gene
expression was normalized using GAPDH as a reference
gene, and relative expression values were determined using
the delta delta Ct calculation method, then plotted as ratios
of healthy control values.
2.6. Western Blot Analysis. Western blot analysis was used to
quantify the protein levels of IL-1β and NLRP3 relative to
β-actin.
Protein concentration of PBMC samples was determined
using Pierce BCA Protein Assay Kit (Thermo Scientiﬁc,
USA) to facilitate equal lane loading on western blot. IL-1β
and NLRP3 proteins were quantiﬁed using NuPAGE Electrophoresis System. Protein (17 μg) from each sample was
loaded per lane and electrophoresed in 1xNuPAGE (MOPS)
SDS Running Buﬀer on NuPAGE 4-12% BisTris Gels. 500 μl
of NuPAGE antioxidant per gel was used in the inner chamber. Following electrophoresis, proteins were transferred
onto a PVDF membrane in 1x transfer buﬀer (20xNuPAGE
Transfer Buﬀer, 20% methanol, dH20, NuPAGE antioxidant). Membranes were blocked in 5% Marvel and PBST
for one hour. Running buﬀer, gels, antioxidant, membranes,
and transfer buﬀer were purchased from Life Technologies,
USA. Membranes were also exposed to anti-IL-1β goat IgG
(R&D, USA) diluted 1 : 200 in PBS overnight at 4°C, washed
in PBST, and incubated with rabbit anti-goat IgG-HRP
(Santa Cruz Biotechnology) diluted 1 : 2000 in PBS for one
hour at room temperature (a human recombinant IL-1β
positive control protein sample was used to verify the
method). Membranes were developed using SuperSignal
West Pico Chemiluminescent Substrate (Thermo Scientiﬁc,

3
USA) and imaged using UVP ChemiDoc-It2 Imager and
VisionWorks Analysis Software version 7.1. β-Actin was
used as a loading control.
Background subtraction was done, and band densitometry was used to normalize IL-1β and NLRP3 to β-actin for
each sample.
2.7. Statistical Analysis. Continuous parameters are
expressed as mean and standard deviation (SD); categorical
variables are expressed as frequency and percentages.
Comparison for continuous normally distributed clinical,
demographic, and biochemical variables between two groups
was performed by t-test and among three groups by the
analysis of variance (ANOVA) test; the nonparametric
Mann-Whitney test was used for nonnormal variables. Frequency comparisons between two groups and three groups
were analyzed using the χ2 (chi square) test and contingency
table method, respectively.
Correlations were obtained and expressed as Pearson
correlation coeﬃcient (r), α (two-sided) was set at 0.05,
and study power = 95%. Statistical analysis was performed
with Prism 6.01 (GraphPad Software Inc., California,
USA). For all tests, a p value <0.05 was considered as statistically signiﬁcant.

3. Results
3.1. Patients Characteristics. Demographic and clinical characteristics of the diﬀerent study groups are summarized in
Table 1. Our study population was mainly represented by
female patients (78.3%); Kellgren and Lawrence radiological
grades were equally distributed between EHOA and NEHOA
patients. The three groups were also comparable for sex distribution, BMI, frequency of diabetes, CV diseases, autoimmune thyroiditis, concomitant knee/hip OA, and number
of hand joint swellings. However, subject age, frequency of
smoking, and hypertension signiﬁcantly diﬀered among the
three groups (p = 0 001, p = 0 0110, and p = 0 0012, respectively). Particularly, the control group was represented by
subjects younger than those aﬀected by EHOA and NEHOA
(p < 0 001) with a lower percentage of concomitant hypertension (p < 0 001) and a greater frequency of smokers
(p = 0 007 and p = 0 035, respectively).
Concerning laboratory measurements, no diﬀerences
were found in ESR values among the three groups. Conversely, for CRP, we observed a signiﬁcant diﬀerence among
the three groups (p = 0 0125) and between the EHOA and
NEHOA groups (p = 0 003).
The disease duration, the assessment on 0-100 mm VAS
pain, and the algofunctional index, FIHOA, were signiﬁcantly
greater in EHOA versus NEHOA (p = 0 0175, p = 0 0039, and
p = 0 0020, respectively).
3.2. Circulating Levels, Gene Expression, and Protein Levels of
IL-1β. IL-1β measured by the ELISA assay showed no significant diﬀerences among the three studied groups (Figure 1(a)).
Figure 1(b) indicates the analysis of IL-1β by quantitative
real-time PCR. IL-1β gene expression was signiﬁcantly lower
(p = 0 0208) in EHOA patients in comparison to the control
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Table 1: Demographic and clinical characteristics of the study populations.
EHOA (N = 25)

NEHOA (N = 29)

Control (N = 20)

p value

Age (years)

70 16 ± 8 23

65 44 ± 10 26

52 15 ± 7 49

0.001a°

Sex, no. of male/female

3/22
25 89 ± 3 62

7/22
24 15 ± 3 04

6/14
24 46 ± 4 76

0.2606b

2 (7)
18 (62)
9 (31)
3 (10)
6 (21)
3 (10)
12 (41)
7 (28)
4 (13)
96 20 ± 88 13

NA
NA
NA
7 (35)
1 (5)
0 (0)
0 (0)
0 (0)
NA

0.1876c
0.1910c
0.0663c
0.0110b#
0.310b
0.3496b
0.0012b##
0.0643b
0.5675c

Disease duration (months)

0 (0)
11 (44)
14 (56)
1 (4)
4 (16)
2 (8)
12 (48)
4 (16)
6 (24)
152 32 ± 78 39

NA

0.0175d

No. of hand joint swellings

3 52 ± 3 25

1 75 ± 4 27

NA

0.0966d

ESR (mm/h)

21 8 ± 14 61

17 93 ± 10 55

18 05 ± 12 01

0.2651a

CRP (mg/dl)

0 39 ± 0 32

0 16 ± 0 20

0 22 ± 0 33

0.0125a°°

VAS pain (0-100 mm)

38 8 ± 26 20

19 77 ± 19 98

NA

0.0039e

FIHOA (0-30)

10 52 ± 5 78

5 65 ± 5 23

NA

0.0020e

2

BMI (kg/m )
Radiographic score (K-L grade) no. (%)
I
II
III
Smoker no. (%)
Diabetes no. (%)
CV disease no. (%)
Hypertension no. (%)
Autoimmune thyroiditis no. (%)
HOA+knee/hip OA no. (%)

0.0603a

EHOA: erosive osteoarthritis of the hand; NEHOA: nonerosive osteoarthritis of the hand; NA: not applicable; BMI: body mass index; K-L grade:
Kellgren-Lawrence grade; CV: cardiovascular; HOA: osteoarthritis of the hand; ESR: erythrocyte sedimentation rate; CRP: C reactive protein; VAS: visual
analogue scale; FIHOA: functional index for hand osteoarthritis. p values <0.05 were considered signiﬁcant. aANOVA test for multiple comparison; b3 × 2
°
contingency table method; cchi square test; dMann-Whitney test; eunpaired t-test. EHOA group vs. control group: p < 0 001; EHOA group vs. NEHOA
group: p = 0 071; NEHOA group vs. control group: p < 0 001 (p value was estimated by t-test). #EHOA group vs. control group: p = 0 007; EHOA group
vs. NEHOA group: p = 0 374; NEHOA group vs. control group: p = 0 035 (p value was estimated by the chi square test). ##EHOA group vs. control group:
p = 0 0003; EHOA group vs. NEHOA group: p = 0 625; NEHOA group vs. control group: p = 0 0009 (p value was estimated by the chi square test).
°°
EHOA group vs. control group: p = 0 135; EHOA group vs. NEHOA group: p = 0 003; NEHOA group vs. control group: p = 0 378 (p value was
estimated by t-test).

Relative ratio IL-1훽 mRNA
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Figure 1: Evaluation of IL-1β at the serum level (a) by the ELISA assay and at the gene expression level (b) by real-time PCR, in a control
group, patients with erosive hand OA (EHOA), and patients with nonerosive hand OA (NEHOA). The gene expression was normalized to
controls. Data are expressed as mean ± standard deviation. ∗ p < 0 05 versus control group.

group; no signiﬁcant diﬀerences were observed in comparison to the NEHOA group. Patients with NEHOA showed
slightly lower IL-1β expression levels than controls, although
in a not signiﬁcant manner. Three samples were not analyzed

as the extracted RNA quality was poor, and another 3 samples
were not included in the analysis as Ct values were over
40. IL-1β protein expression was not detected by western
blotting (data not shown).
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3.3. Gene Expression and Protein Levels of NLRP3. In the
PBMCs of the three groups, there was no statistical diﬀerence
of NLRP3 gene expression (Figure 2(a)). Three samples were
not analyzed as the extracted RNA quality was poor.
Figures 2(b) and 2(c) showed the western blot analysis of
NLRP3. Some samples were excluded as protein concentrations measured by the BCA assay were not suﬃcient. The
densitometric quantiﬁcation of the bands showed a signiﬁcant increase (p = 0 0063) of NLRP3 protein levels in the
NEHOA group in comparison to controls. In addition,
NLRP3 protein levels were signiﬁcantly higher in the
NEHOA group (p = 0 0038) than in the EHOA group. No
signiﬁcant diﬀerences were observed between EHOA
patients and controls.
3.4. Serum Levels of IL-6, IL-17A, and TNF-α. The ELISA
assay carried out on IL-6, IL-17A, and TNF-α serum levels
resulted in nondetectable levels for all samples analyzed (data
not shown).
3.5. Correlation Analysis between IL-1β and NLRP3 and the
Other Parameters Studied. Figure 3 shows the existing correlations between serum levels and gene expression of IL-1β
and the Kellgren-Lawrence score and the number of hand
joint swellings, respectively. In particular, IL-1β concentrations were negatively correlated in a signiﬁcant manner with
the radiological grade, measured by the Kellgren-Lawrence
score in the whole population (r = −0 446; p = 0 0008) and
in the NEHOA group (r = −0 608; p = 0 004) (Figures 3(a)
and 3(b)).
IL-1β gene expression signiﬁcantly and positively correlated with the number of hand joint swellings only in the
EHOA group (r = 0 512; p = 0 011) (Figure 3(c)). No other
correlations were observed either between IL-1β and the
other evaluated parameters or between gene expression
and protein levels of NLRP3 and the clinical, laboratory,
and radiological ﬁndings in the whole population and in
each subgroup.

4. Discussion
To the best of our knowledge, this is the ﬁrst study to investigate more deeply the involvement of IL-1β and NLRP3 in
PBMCs of patients with two clinically important subsets of
HOA, erosive and nonerosive forms.
Despite the fact that many in vitro studies have well documented the important contribution of IL-1β to the OA
pathogenesis, the role of this cytokine in the clinical setting
has not been fully elucidated. On one hand, IL-1β has been
shown to aﬀect cartilage homeostasis and to drive the synthesis of proteolytic enzymes, such as MMPs, ADAMTs, and the
production of other cytokines such as IL-8, IL-6, and IL-17
[32, 33]. Conversely, data from diﬀerent OA animal models
reported discordant results; mice deﬁcient in IL-1 developed
more severe cartilage lesions than wild-type (WT) mice
[34], and intraperitoneal injections of IL-1 antagonists did
not improve the OA injuries in a meniscectomy-induced
murine model of OA [35]. Furthermore, clinical evidence
demonstrated very low levels of IL-1β in the synovial
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membrane and ﬂuid of patients aﬀected by early- and
end-stage OA [36].
A potential role for IL-1β in the pathogenesis of HOA,
in particular in the severe subset of EHOA, was suggested
by some authors [37, 38]. Stern et al. [37] reported the association between a single nucleotide polymorphism (SNP)
identiﬁed on the gene-encoding IL-1β and the development
of EHOA.
Surprisingly, in our study, IL-1β gene expression was
marginally lower in erosive patients than nonerosive
patients although this wasn’t statistically signiﬁcant. There
was, however, a statistical diﬀerence between the control
group and the erosive group, with higher IL-1β expression
seen in the controls. Protein levels of IL-1β resulted not
detectable in all samples, and its serum levels were around
the limits of detection without any diﬀerence among the
three groups.
Currently, it is diﬃcult to explain the discrepancy
between the results obtained at IL-1β gene expression and
serum levels. We can postulate that this diﬀerence may be
due to the increase in the percentage of IL-1β bound to
its receptors. Intriguingly, a higher density of IL-1 receptors
has been reported in osteoarthritic chondrocytes compared
to healthy controls [39]; therefore, it would be interesting
to compare receptor density between erosive and nonerosive patients to verify our hypothesis. Furthermore, it was
demonstrated that the release of IL-1 occurred in the early
phases of OA, and this could represent another explanation
for the low IL-1β serum levels described in this paper,
considering that mean disease duration of our study population was higher than 8 years [38]. Alternatively, we can
hypothesize a compensatory mechanism in place to
dampen the inﬂammatory response in the EHOA and
NEHOA patients.
Considering together, the results derived by IL-1β serum
levels and gene and protein expressions, an independent
mechanism from IL-1 pathways in cartilage degradation
and inﬂammation could be also supposed.
Recent evidence corroborates our results showing that
in meniscectomized knock out mice for IL-1β and inﬂammosome complex, the severity of cartilage lesions was similar or worse than in meniscectomized WT mice [34, 40].
Besides the pivotal role of IL-1β in OA, it has also been
targeted with the IL-1 receptor antagonist (IL-1Ra) in randomized clinical trial (RCT) patients with knee OA. Both
intra-articular anakinra, a recombinant form of IL-1Ra,
and subcutaneous use of AMG108, a monoclonal antibody
against IL-1R1, failed to demonstrate signiﬁcant clinical
eﬃcacy [41, 42]. Concerning HOA, the data are limited
to two diﬀerent reports of 3 cases of severe EHOA successfully treated with subcutaneous injections of anakinra
[43, 44].
In the current study, we analyzed the possible involvement of NLRP3 in erosive and nonerosive HOA.
NLRP3 is an intracellular complex that mediates the
cellular response to exogenous and endogenous pathogens,
regulating the release of proinﬂammatory cytokines, mainly
IL-1β. Thus, the inﬂammasome plays a paramount role not
only in the process of host protection against infective agents,
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Figure 2: Evaluation of NLRP3 gene expression (a) by real-time PCR and of NLRP3 protein levels (b and c) by western blot analysis in a
control group, patients with erosive hand OA (EHOA), and patients with nonerosive hand OA (NEHOA). The gene expression was
normalized to controls. Data are expressed as mean ± standard deviation. ∗∗ p < 0 01 versus control group; °°p < 0 01 EHOA group versus
NEHOA group.

but also in the rheumatic inﬂammatory diseases [45]. However, the role of NLRP3 in OA appears highly controversial.
Some studies have reported an overexpression of NLRP3
protein in synovial tissue from OA joints compared to controls and a positive correlation with nicotinamide adenine
dinucleotide phosphate oxidase- (Nox-) 2, a prooxidant
enzyme involved in oxidative stress [46, 47]. Other studies
suggested that OA cartilage degradation occurs independently of NLRP3 inﬂammasome activity [40, 48]. In
particular, Bougault et al. [48] found that the IL-1β release
from cartilage explants of 18 knee OA patients who underwent total joint replacement was poorly detectable and
lower than synovial samples. The authors also reported
the protein and gene expressions of NLRP3, ASC, and
caspase-1 in human OA chondrocytes, although they
seemed to acquire a prodegradative phenotype without
any contribution by NLRP3 and IL-1β. Indeed, the protein
and gene expressions of MMPs in knock out (NLRP3-/-)

and WT mice did not diﬀer, and the caspase-1 inhibition
leads to nonsigniﬁcant modiﬁcations. Similar results were
also obtained after biochemical load stimulation of mouse
cartilage explants.
Our results did not show any signiﬁcant diﬀerence in
NLRP3 gene expression between the three subgroups. Conversely, NLRP3 protein expression was signiﬁcantly higher
in the NEHOA group compared to EHOA and controls.
The diﬀerent pattern showed by gene expression and protein
levels of NLRP3 could be due to posttranslational modiﬁcations or mRNA instability which could aﬀect protein expression [49, 50]. Using reverse transcription-PCR, NLRP3, ASC,
caspase-1, and pro-IL-1β, messenger RNA was detected in
OA synovial tissue in either all cases or in the majority of
cases of a previous study [51]. Protein expression of NLRP3
was conﬁrmed by western blot, which is in line with the current results showing NLRP3 expression in PBMC samples of
those with OA [51].
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Figure 3: Graphical representation of the found correlations between IL-1β serum levels and the Kellgren-Lawrence (K-L) score in the whole
population (a; r = −0 446, p = 0 0008) and in the NEHOA group (b; r = −0 608, p = 0 004) and IL-1β mRNA levels and the number of joint
swellings in the EHOA group (c; r = 0 512, p = 0 011).

In our study, we showed low NLRP3 protein expression
in EHOA patients compared to NEHOA and controls, even
if EHOA is characterized by clinical inﬂammatory features
and radiographic erosions, as main hallmarks. Presently, it
is very diﬃcult to explain these results.
One possible hypothesis is the higher, although not statistically signiﬁcant, frequency of certain comorbidities, such as
type II diabetes, CV diseases, and autoimmune thyroiditis in
the nonerosive group compared to the erosive group. There is
evidence suggesting these conditions enhance the NLRP3
inﬂammasome expression [52–54]. We have also to take into
consideration that the control group included a higher percentage of smokers compared with both EHOA and NEHOA
patients. It was demonstrated that nicotine exposure could
induce NLRP3 inﬂammasome activation in endothelial cells,
mainly as a consequence of generation of reactive oxygen
species (ROS) and an increased IL-1β gene expression in
lung tissue extracts [55, 56]; moreover, an increase of IL-1β
concentrations was observed in smokers’ sera [57]. On the
other side, recent studies showed that cigarette smoke extract
decreased NLRP3 protein levels, through an increase of
ubiquitin-mediated proteasomal processing, and subsequently reduced the release of IL-1β in human THP1

monocytes [58]. Thus, at the moment, it is diﬃcult to clarify
the exact eﬀect of smoking on NLRP3 and IL-1β levels. It is
also important to highlight that our study analyzed the protein and gene expressions of IL-1β and NLRP3 in PBMCs
and not in cartilage cells. This method can have some limitations in a disease characterized by a prominent local
inﬂammation, such as EHOA, because PBMCs reﬂect the
inﬂammatory state at a systemic level [12] Thus, it is very
diﬃcult to obtain cartilage and synovial samples from IF
joints, and although monocytes, macrophages, and dendritic
cells are the main NLRP3-expressing cells, human neutrophils have also shown to have functional NLRP3 inﬂammasome [59]. Furthermore, PBMCs have been considered as a
common source of genomic material for microarray studies,
mainly due to the facility and relative noninvasiveness of
acquisition [60].
To understand if pathways other than those mediated by
NLRP3 inﬂammasome may be involved in the pathogenesis
of the two considered subsets of HOA, we measured the
serum levels of other known proinﬂammatory cytokines,
including IL-6, IL-17, and TNF-α. These cytokines were not
present at detectable levels (stating the lowest level of detection of the assays).
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Our IL-6 results concur with previous studies, in patients
with HOA where circulating IL-6 levels were not statistically
diﬀerent among NEHOA, EHOA, and healthy subjects [61,
62]. Conversely, others have demonstrated high synovial
and serum levels of IL-6 in subjects with knee OA in comparison to the healthy controls [14, 63]. This inconsistency could
be explained by the evidence that the infrapatellar fat pad is a
source of cytokines, as IL-6, while the small joints of the hand
are characterized by a minor amount of adipose tissue [64].
A recent hypothesis deﬁnes IL-17 as a peculiar inﬂammatory OA phenotype; in this regard, we analyzed the serum
levels of this cytokine in our HOA study groups [65, 66].
Unexpectedly, we detected very low concentrations of IL-17
in our HOA population, without any diﬀerence among the
examined groups. Others have described increased IL-17
serum levels in patients with knee OA compared to healthy
controls; however, no data have been previously published
in HOA [67–69].
Concerning serum levels of TNF-α, we observed no difference among the three analyzed groups. To the best of
our knowledge, there are no previous papers exploring the
circulating TNF-α levels in patients with EHOA, and data
derived from knee OA are controversial [63, 70]. After all,
the clinical studies aimed at assessing the eﬃcacy of TNF-α
inhibitors (TNF-αi) in subjects with HOA are too heterogeneous to draw any clear conclusions. Indeed, three RCTs
enrolling HOA patients treated with adalimumab failed to
show the superiority of the TNF-αi over placebo [71–73].
On the other hand, a recent RCT reported encouraging
results on etanercept therapy in an EHOA population [74].
Also, previous open-label trials provided controversial outcomes; Magnano et al. [75] observed no signiﬁcant improvements, after treatment with adalimumab in 12 patients with
EHOA, while a single-blind study on 10 EHOA patients suggested a clinical beneﬁt of intra-articular therapy with inﬂiximab [76].
We observed a negative correlation between IL-1β serum
levels and the radiographic Kellgren-Lawrence score in the
whole population and in the NEHOA group, but surprisingly, it was not conﬁrmed in EHOA patients. The lack of a
correlation in the EHOA group may be due to the missing
data regarding other radiological grades, as the Verbruggen
and Kallman scores, considered superior in measuring the
erosive lesions to the Kellgren-Lawrence [38]. This hypothesis can be supported by the results reported by Bondeson
et al. [32]; in fact, the authors demonstrated a negative significant correlation between IL-1 serum levels and Verbruggen
and Kallman scores in EHOA patients but not with
Kellgren-Lawrence.
Furthermore, we detected a positive and signiﬁcant
correlation between IL-1β gene expression and the number of hand joint swellings in the EHOA group. This
result may reﬂect the disease activity, as demonstrated by
the signiﬁcantly higher CRP levels in our erosive patients
than NEHOA.
However, we are aware that our study presents several
limitations. Firstly, the number of patients is small, and the
three groups were not homogeneous for all the demographical and clinical measures; in particular, the controls were
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younger than both the other study groups and maybe for this
reason presented a minor frequency of hypertension. They
were also smokers in a greater percentage than HOA
patients, and this could aﬀect our IL-1β and NLRP3 results.
Secondly, the longer disease duration in EHOA patients
compared to the NEHOA group could have inﬂuenced the
gene and protein expressions of NLRP3 and IL-1β. Furthermore, the use of the radiographic scores of Verbruggen and
Kallman should allow to obtain a more appropriate assessment of erosive lesions in EHOA.
Finally, our results may have been limited by the missing
analysis of inﬂammasome subtypes other than NLRP3 and
its multiple polymorphisms and measure of IL-18 another
major cytokine released via the NLRP3 pathway.
All these limitations, particularly the lack of homogeneity
among the three groups, induce us to consider our results as
preliminary and to advocate further studies in this ﬁeld.

5. Conclusions
This study showed low serum, protein, and gene expression
levels of IL-1β in EHOA and NEHOA patients; we have
also observed low NLRP3 protein expression in EHOA
patients compared to NEHOA and controls, suggesting
the hypothesis of a nonpivotal role for NLRP3 in the pathogenesis of EHOA.
Furthermore, IL-6, IL-17, and TNF-α serum levels
resulted not detectable in all samples analyzed.
Finally, we found a negative correlation between
IL-1β serum and the radiological grade, measured by the
Kellgren-Lawrence score in the whole population and in the
NEHOA group and a positive correlation between IL-1β
gene expression and the number of hand joint swellings in
the EHOA group.
Taken together, our results, showing poorly detectable
concentrations of IL-1β and minimal inﬂammasome activity
in the PBMCs of patients with HOA, suggest a low grade of
systemic inﬂammation in HOA. This evidence does not preclude a possible involvement of these factors at the local level.

Data Availability
The data used to support the ﬁndings of this study are
available from the corresponding author upon request.

Conflicts of Interest
The authors declare that there are no conﬂicting interests.

Acknowledgments
This work was funded by a grant awarded to AJB to establish
the Northern Ireland Centre for Stratiﬁed Medicine, funded
under the European Union Regional Development Fund
(ERDF) EU Sustainable Competitiveness Programme for
Northern Ireland and the Northern Ireland Public Health
Agency (HSC R&D). A.J.B. and D.S.G. wish to acknowledge
the award of Ph.D. fellowships from Department for
Employment, Northern Ireland, UK.

Mediators of Inﬂammation

References
[1] L. Kalichman and G. Hernandez-Molina, “Hand osteoarthritis: an epidemiological perspective,” Seminars in Arthritis
and Rheumatism, vol. 39, no. 6, pp. 465–476, 2010.
[2] M. Kloppenburg and W.-Y. Kwok, “Hand osteoarthritis—a
heterogeneous disorder,” Nature Reviews Rheumatology,
vol. 8, no. 1, pp. 22–31, 2012.
[3] I. K. Haugen, A. Mathiessen, B. Slatkowsky-Christensen et al.,
“Synovitis and radiographic progression in non-erosive and
erosive hand osteoarthritis: is erosive hand osteoarthritis a separate inﬂammatory phenotype?,” Osteoarthritis and Cartilage,
vol. 24, no. 4, pp. 647–654, 2016.
[4] O. Addimanda, L. Mancarella, P. Dolzani et al., “Clinical and
radiographic distribution of structural damage in erosive and
non erosive hand osteoarthritis,” Arthritis Care & Research,
vol. 64, no. 7, pp. 1046–1053, 2012.
[5] O. Addimanda, C. Cavallari, E. Pignotti et al., “Radiographic
involvement of metacarpophalangeal and radiocarpal joints
in hand osteoarthritis,” Clinical Rheumatology, vol. 36, no. 5,
pp. 1077–1082, 2017.
[6] L. Punzi, R. Ramonda, F. Oliviero et al., “Value of C reactive
protein in the assessment of erosive osteoarthritis of the hand,”
Annals of the Rheumatic Diseases, vol. 64, no. 6, pp. 955–957,
2005.
[7] G. Morozzi, F. Bellisai, A. Fioravanti, and M. Galeazzi,
“Absence of anti-cyclic citrullinated peptide antibodies in erosive osteoarthritis: further serological evidence of the disease as
a subset of osteoarthritis,” Annals of the Rheumatic Diseases,
vol. 64, no. 7, pp. 1095-1096, 2005.
[8] G. M. Guidelli, G. Morozzi, A. Simpatico, and A. Fioravanti,
“Rheumatoid factor isotypes in patients with erosive osteoarthritis of the hand,” International Journal of Rheumatic Diseases, vol. 14, no. 3, pp. e49–e50, 2011.
[9] T. Lennerová, K. Pavelka, and L. Šenolt, “Biomarkers of hand
osteoarthritis,” Rheumatology International, vol. 38, no. 5,
pp. 725–735, 2018.
[10] A. Fioravanti, S. Cheleschi, A. de Palma et al., “Can adipokines
serum levels be used as biomarkers of hand osteoarthritis?,”
Biomarkers, vol. 23, no. 3, pp. 265–270, 2018.
[11] A. Fioravanti, S. Tenti, L. Pulsatelli, and O. Addimanda,
“Could myeloperoxidase represent a useful biomarker for
erosive osteoarthritis of the hand?,” Scandinavian Journal of
Rheumatology, vol. 47, no. 6, pp. 515–517, 2018.
[12] F. M. Cicuttini and A. E. Wluka, “Osteoarthritis: is OA a
mechanical or systemic disease?,” Nature Reviews Rheumatology, vol. 10, no. 9, pp. 515-516, 2014.
[13] F. Berenbaum, “Osteoarthritis as an inﬂammatory disease
(osteoarthritis is not osteoarthrosis!),” Osteoarthritis and
Cartilage, vol. 21, no. 1, pp. 16–21, 2013.
[14] G. Livshits, G. Zhai, D. J. Hart et al., “Interleukin-6 is a signiﬁcant predictor of radiographic knee osteoarthritis: the
Chingford Study,” Arthritis & Rheumatism, vol. 60, no. 7,
pp. 2037–2045, 2009.
[15] M. B. Goldring and M. Otero, “Inﬂammation in osteoarthritis,” Current Opinion in Rheumatology, vol. 23, no. 5,
pp. 471–478, 2011.
[16] M. C. Honorati, M. Bovara, L. Cattini, A. Piacentini, and
A. Facchini, “Contribution of interleukin 17 to human cartilage degradation and synovial inﬂammation in osteoarthritis,”
Osteoarthritis and Cartilage, vol. 10, no. 10, pp. 799–807, 2002.

9
[17] C. I. Westacott, A. F. Barakat, L. Wood et al., “Tumor necrosis
factor alpha can contribute to focal loss of cartilage in osteoarthritis,” Osteoarthritis and Cartilage, vol. 8, no. 3, pp. 213–221,
2000.
[18] M. Kapoor, J. Martel-Pelletier, D. Lajeunesse, J.-P. Pelletier,
and H. Fahmi, “Role of proinﬂammatory cytokines in the
pathophysiology of osteoarthritis,” Nature Reviews Rheumatology, vol. 7, no. 1, pp. 33–42, 2011.
[19] M. B. Mueller and R. S. Tuan, “Anabolic/catabolic balance in
pathogenesis of osteoarthritis: identifying molecular targets,”
PM&R, vol. 3, no. 6, Supplement, pp. S3–S11, 2011.
[20] B. K. Davis, H. Wen, and J. P.-Y. Ting, “The inﬂammasome
NLRs in immunity, inﬂammation, and associated diseases,”
Annual Review of Immunology, vol. 29, no. 1, pp. 707–735, 2011.
[21] C. Wang, C. X. Xu, Y. Alippe et al., “Chronic inﬂammation
triggered by the NLRP3 inﬂammasome in myeloid cells promotes growth plate dysplasia by mesenchymal cells,” Scientiﬁc
Reports, vol. 7, no. 1, p. 4880, 2017.
[22] K. Schroder and J. Tschopp, “The inﬂammasomes,” Cell,
vol. 140, no. 6, pp. 821–832, 2010.
[23] C. Stehlik, “Multiple interleukin-1β-converting enzymes contribute to inﬂammatory arthritis,” Arthritis & Rheumatism,
vol. 60, no. 12, pp. 3524–3530, 2009.
[24] M. J. McAllister, M. Chemaly, A. J. Eakin, D. S. Gibson, and
V. E. McGilligan, “NLRP3 as a potentially novel biomarker
for the management of osteoarthritis,” Osteoarthritis and Cartilage, vol. 26, no. 5, pp. 612–619, 2018.
[25] S. S. McCoy, J. Stannard, and J. M. Kahlenberg, “Targeting the
inﬂammasome in rheumatic diseases,” Translational Research,
vol. 167, no. 1, pp. 125–137, 2016.
[26] R. Altman, G. Alarcon, D. Appelrouth et al., “The American
College of Rheumatology criteria for the classiﬁcation and
reporting of osteoarthritis of the hand,” Arthritis & Rheumatism, vol. 33, no. 11, pp. 1601–1610, 1990.
[27] “Recommendations for the registration of drugs used in the
treatment of osteoarthritis. Group for the respect of ethics
and excellence in science (GREES): osteoarthritis section,”
Annals of Rheumatic Diseases, vol. 55, pp. 552–557, 1996.
[28] A. E. Nelson, M. W. Smith, Y. M. Golightly, and J. M. Jordan,
““Generalized osteoarthritis”: a systematic review,” Seminars
in Arthritis and Rheumatism, vol. 43, no. 6, pp. 713–720, 2014.
[29] J. H. Kellgren and J. S. Lawrence, “Radiological assessment of
osteo-arthrosis,” Annals of the Rheumatic Diseases, vol. 16,
no. 4, pp. 494–502, 1957.
[30] P. Kersten, P. J. White, and A. Tennant, “The visual analogue
WOMAC 3.0 scale–internal validity and responsiveness of
the VAS version,” BMC Musculoskeletal Disorders, vol. 11,
no. 1, p. 80, 2010.
[31] F. Gandini, C. Giannitti, G. Fattore, N. Giordano, M. Galeazzi,
and A. Fioravanti, “Validation of an Italian version of the functional index for hand osteoarthritis (FIHOA),” Modern Rheumatology, vol. 22, no. 5, pp. 758–765, 2012.
[32] J. Bondeson, S. D. Wainwright, S. Lauder, N. Amos, and
C. E. Hughes, “The role of synovial macrophages and
macrophage-produced cytokines in driving aggrecanases,
matrix metalloproteinases, and other destructive and inﬂammatory responses in osteoarthritis,” Arthritis Research and
Therapy, vol. 8, no. 6, p. R187, 2006.
[33] J. M. Dayer, F. Oliviero, and L. Punzi, “A brief history of IL-1
and IL-1 Ra in rheumatology,” Frontiers in Pharmacology,
vol. 8, p. 293, 2017.

10
[34] K. M. Clements, J. S. Price, M. G. Chambers, D. M. Visco, A. R.
Poole, and R. M. Mason, “Gene deletion of either interleukin-1β, interleukin-1β-converting enzyme, inducible nitric
oxide synthase, or stromelysin 1 accelerates the development
of knee osteoarthritis in mice after surgical transection of the
medial collateral ligament and partial medial meniscectomy,”
Arthritis & Rheumatism, vol. 48, no. 12, pp. 3452–3463, 2003.
[35] A. Kadri, H. K. Ea, C. Bazille, D. Hannouche, F. Lioté, and
M. E. Cohen-Solal, “Osteoprotegerin inhibits cartilage degradation through an eﬀect on trabecular bone in murine experimental osteoarthritis,” Arthritis & Rheumatism, vol. 58, no. 8,
pp. 2379–2386, 2008.
[36] C. R. Scanzello, E. Umoh, F. Pessler et al., “Local cytokine
proﬁles in knee osteoarthritis: elevated synovial ﬂuid
interleukin-15 diﬀerentiates early from end-stage disease,”
Osteoarthritis and Cartilage, vol. 17, no. 8, pp. 1040–1048,
2009.
[37] A. G. Stern, M. R. de Carvalho, G. A. Buck et al., “Association
of erosive hand osteoarthritis with a single nucleotide polymorphism on the gene encoding interleukin-1 beta,” Osteoarthritis and Cartilage, vol. 11, no. 6, pp. 394–402, 2003.
[38] C. H. Roux, V. Foltz, E. Maheu et al., “MRI and serum biomarkers correlate with radiographic features in painful hand
osteoarthritis,” Clinical and Experimental Rheumatology,
vol. 34, no. 6, pp. 991–998, 2016.
[39] J. Martel-Pelletier, R. Mccollum, J. Dibattista et al., “The
interleukin-1 receptor in normal and osteoarthritic human
articular chondrocytes. Identiﬁcation as the type I receptor
and analysis of binding kinetics and biologic function,” Arthritis & Rheumatism, vol. 35, no. 5, pp. 530–540, 1992.
[40] S. Nasi, H. K. Ea, A. So, and N. Busso, “Revisiting the role of
interleukin-1 pathway in osteoarthritis: interleukin-1α and
-1β, and NLRP3 inﬂammasome are not involved in the pathological features of the murine menisectomy model of osteoarthritis,” Frontiers in Pharmacology, vol. 8, p. 282, 2017.
[41] X. Chevalier, P. Goupille, A. D. Beaulieu et al., “Intraarticular
injection of anakinra in osteoarthritis of the knee: a multicenter, randomized, double-blind, placebo-controlled study,”
Arthritis & Rheumatism, vol. 61, no. 3, pp. 344–352, 2009.
[42] S. B. Cohen, S. Proudman, A. J. Kivitz et al., “A randomized,
double-blind study of AMG 108 (a fully human monoclonal
antibody to IL-1R1) in patients with osteoarthritis of the
knee,” Arthritis Research & Therapy, vol. 13, no. 4, p. R125,
2011.
[43] L. Bacconnier, C. Jorgensen, and S. Fabre, “Erosive osteoarthritis of the hand: clinical experience with anakinra,” Annals
of the Rheumatic Diseases, vol. 68, no. 6, pp. 1078-1079, 2009.
[44] O. Varan, H. Babaoglu, N. Atas et al., “Response to anakinra in
3 patients with erosive osteoarthritis,” JCR: Journal of Clinical
Rheumatology, 2018.
[45] A. So, A. Ives, L. A. B. Joosten, and N. Busso, “Targeting
inﬂammasomes in rheumatic diseases,” Nature Reviews Rheumatology, vol. 9, no. 7, pp. 391–399, 2013.
[46] D. Clavijo-Cornejo, K. Martínez-Flores, K. Silva-Luna et al.,
“The overexpression of NALP3 inﬂammasome in knee osteoarthritis is associated with synovial membrane prolidase and
NADPH oxidase 2,” Oxidative Medicine and Cellular Longevity, vol. 2016, Article ID 1472567, 7 pages, 2016.
[47] Y. Sun, W. Liu, H. Zhang et al., “Curcumin prevents osteoarthritis by inhibiting the activation of inﬂammasome NLRP3,”
Journal of Interferon & Cytokine Research, vol. 37, no. 10,
pp. 449–455, 2017.

Mediators of Inﬂammation
[48] C. Bougault, M. Gosset, X. Houard et al., “Stress-induced cartilage degradation does not depend on the NLRP3 inﬂammasome in human osteoarthritis and mouse models,” Arthritis
& Rheumatism, vol. 64, no. 12, pp. 3972–3981, 2012.
[49] J. Yang, Z. Liu, and T. S. Xiao, “Post-translational regulation of
inﬂammasomes,” Cellular & Molecular Immunology, vol. 14,
no. 1, pp. 65–79, 2017.
[50] J. Ross, “mRNA stability in mammalian cells,” Microbiological
Reviews, vol. 59, no. 3, pp. 423–450, 1995.
[51] L. Kolly, N. Busso, G. Palmer, D. Talabot-Ayer, V. Ã.©.
Chobaz, and A. So, “Expression and function of the NALP3
inﬂammasome in rheumatoid synovium,” Immunology,
vol. 129, no. 2, pp. 178–185, 2010.
[52] T. Karasawa and M. Takahashi, “Role of NLRP3 inﬂammasomes in atherosclerosis,” Journal of Atherosclerosis and
Thrombosis, vol. 24, no. 5, pp. 443–451, 2017.
[53] T. Omi, M. Kumada, T. Kamesaki et al., “An intronic variable
number of tandem repeat polymorphisms of the cold-induced
autoinﬂammatory syndrome 1 (CIAS1) gene modiﬁes gene
expression and is associated with essential hypertension,”
European Journal of Human Genetics, vol. 14, no. 12,
pp. 1295–1305, 2006.
[54] H. M. Lee, J. J. Kim, H. J. Kim, M. Shong, B. J. Ku, and E. K. Jo,
“Upregulated NLRP3 inﬂammasome activation in patients
with type 2 diabetes,” Diabetes, vol. 62, no. 1, pp. 194–204,
2013.
[55] X. Wu, H. Zhang, W. Qi et al., “Nicotine promotes atherosclerosis via ROS-NLRP3-mediated endothelial cell pyroptosis,”
Cell Death & Disease, vol. 9, no. 2, p. 171, 2018.
[56] N. S. Pauwels, K. R. Bracke, L. L. Dupont et al., “Role of
IL-1α and the Nlrp3/caspase-1/IL-1β axis in cigarette
smoke-induced pulmonary inﬂammation and COPD,” European
Respiratory Journal, vol. 38, no. 5, pp. 1019–1028, 2011.
[57] S. S. Barbieri, E. Zacchi, P. Amadio et al., “Cytokines present in
smokers’ serum interact with smoke components to enhance
endothelial dysfunction,” Cardiovascular Research, vol. 90,
no. 3, pp. 475–483, 2011.
[58] S. Han, J. A. Jerome, A. D. Gregory, and R. K. Mallampalli,
“Cigarette smoke destabilizes NLRP3 protein by promoting
its ubiquitination,” Respiratory Research, vol. 18, no. 1, p. 2,
2017.
[59] M. Bakele, M. Joos, S. Burdi et al., “Localization and functionality of the inﬂammasome in neutrophils,” Journal of Biological Chemistry, vol. 289, no. 8, pp. 5320–5329, 2014.
[60] C. P. Corkum, D. P. Ings, C. Burgess, S. Karwowska, W. Kroll,
and T. I. Michalak, “Immune cell subsets and their gene
expression proﬁles from human PBMC isolated by vacutainer
cell preparation tube (CPT™) and standard density gradient,”
BMC Immunology, vol. 16, no. 1, p. 48, 2015.
[61] P. Dolzani, E. Assirelli, L. Pulsatelli et al., “Systemic inﬂammation and antibodies to citrullinated peptides in hand osteoarthritis,” Clinical and Experimental Rheumatology, vol. 29,
no. 6, pp. 1006–1009, 2011.
[62] I. Pantsulaia, L. Kalichman, and E. Kobyliansky, “Association
between radiographic hand osteoarthritis and RANKL, OPG
and inﬂammatory markers,” Osteoarthritis and Cartilage,
vol. 18, no. 11, pp. 1448–1453, 2010.
[63] M. Imamura, F. Ezquerro, F. Marcon Alﬁeri et al., “Serum
levels of proinﬂammatory cytokines in painful knee osteoarthritis and sensitization,” International Journal of Inﬂammation, vol. 2015, Article ID 329792, 8 pages, 2015.

Mediators of Inﬂammation
[64] E. Distel, T. Cadoudal, S. Durant, A. Poignard, X. Chevalier,
and C. Benelli, “The infrapatellar fat pad in knee osteoarthritis:
an important source of interleukin-6 and its soluble receptor,”
Arthritis & Rheumatism, vol. 60, no. 11, pp. 3374–3377, 2009.
[65] K. Wang, J. Xu, J. Cai, S. Zheng, X. Yang, and C. Ding, “Serum
levels of resistin and interleukin-17 are associated with
increased cartilage defects and bone marrow lesions in patients
with knee osteoarthritis,” Modern Rheumatology, vol. 27, no. 2,
pp. 339–344, 2017.
[66] S. J. B. Snelling, S. Bas, G. J. Puskas et al., “Presence of IL-17 in
synovial ﬂuid identiﬁes a potential inﬂammatory osteoarthritic
phenotype,” PLoS One, vol. 12, no. 4, article e0175109, 2017.
[67] B. Chen, Y. Deng, Y. Tan, J. Qin, and L. B. Chen, “Association
between severity of knee osteoarthritis and serum and synovial
ﬂuid interleukin 17 concentrations,” Journal of International
Medical Research, vol. 42, no. 1, pp. 138–144, 2014.
[68] Y. Liu, H. Peng, Z. Meng, and M. Wei, “Correlation of IL-17
level in synovia and severity of knee osteoarthritis,” Medical
Science Monitor, vol. 21, pp. 1732–1736, 2015.
[69] A. Askari, M. M. Naghizadeh, R. Homayounfar et al.,
“Increased serum levels of IL-17A and IL-23 are associated
with decreased vitamin D3 and increased pain in osteoarthritis,” PLoS One, vol. 11, no. 11, article e0164757, 2016.
[70] S. Min, C. Wang, W. Lu et al., “Serum levels of the bone turnover markers dickkopf-1, osteoprotegerin, and TNF-α in knee
osteoarthritis patients,” Clinical Rheumatology, vol. 36, no. 10,
pp. 2351–2358, 2017.
[71] G. Verbruggen, R. Wittoek, B. V. Cruyssen, and D. Elewaut,
“Tumour necrosis factor blockade for the treatment of erosive
osteoarthritis of the interphalangeal ﬁnger joints: a double
blind, randomised trial on structure modiﬁcation,” Annals of
the Rheumatic Diseases, vol. 71, no. 6, pp. 891–898, 2012.
[72] X. Chevalier, P. Ravaud, E. Maheu et al., “Adalimumab in
patients with hand osteoarthritis refractory to analgesics
and NSAIDs: a randomised, multicentre, double-blind,
placebo-controlled trial,” Annals of the Rheumatic Diseases,
vol. 74, no. 9, pp. 1697–1705, 2015.
[73] D. Aitken, L. L. Laslett, F. Pan et al., “A randomised
double-blind placebo-controlled crossover trial of HUMira
(adalimumab) for erosive hand OsteoaRthritis - the HUMOR
trial,” Osteoarthritis and Cartilage, vol. 26, no. 7, pp. 880–
887, 2018.
[74] M. Kloppenburg, R. Ramonda, W. Y. Kwok et al., “Randomised, placebo-controlled trial to evaluate clinical eﬃcacy
and structure modifying properties of subcutaneous etanercept in patients with erosive inﬂammatory hand osteoarthritis,” Osteoarthritis and Cartilage, vol. 25, Supplement 1,
p. S8, 2017.
[75] M. D. Magnano, E. F. Chakravarty, C. Broudy et al., “A pilot
study of tumor necrosis factor inhibition in erosive/inﬂammatory osteoarthritis of the hands,” The Journal of Rheumatology,
vol. 34, no. 6, pp. 1323–1327, 2007.
[76] A. Fioravanti, M. Fabbroni, A. Cerase, and M. Galeazzi,
“Treatment of erosive osteoarthritis of the hands by
intra-articular inﬂiximab injections: a pilot study,” Rheumatology International, vol. 29, no. 8, pp. 961–965, 2009.

11

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

