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Abstract. Dysregulation of inf lammasomes serves a 
pathogenic role in autoinflammatory diseases (AIDs) and 
adult‑onset Still's disease (AOSD) has been categorized as 
an AID. The present study investigated the expression of 
NLR family pyrin domain containing proteins (NLRPs) 
inflammasome in patients with AOSD, the effect of inflam-
masome inhibitors on NLRP3 signaling and whether human 
parvovirus B19‑associated antigens can activate NLRP3 in 
patients with AOSD. mRNA expression levels of NLRPs in 
peripheral blood mononuclear cells (PBMCs) from 34 patients 
with AOSD and 14 healthy individuals were determined using 
reverse transcription‑quantitative polymerase chain reaction. 
Protein expression of NLRP3 was evaluated by western blot-
ting. Supernatant cytokine levels were measured by ELISA. 
Among the NLRPs investigated in the present study, NLRP3 
transcripts were markedly elevated and expression of NLRP2, 
NLRP7 and NLRP12 was decreased in patients with AOSD 
compared with the controls. Treatment with NLRP3 inhibi-
tors significantly reduced downstream NLRP3 signaling in 
PBMCs form patients with AOSD. B19‑nonstructural protein 
(NS)1 stimulation of PBMCs from patients with AOSD 

induced significant upregulation of transcript levels of NLRP3, 
caspase‑1 and interleukin (IL)‑1β compared with PBMCs from 
healthy controls. B19‑NS1 stimulation of PBMCs from patients 
with AOSD induced significant increase in supernatant levels 
of IL‑1β and protein expression of NLRP3, caspase‑1, IL‑1β, 
and IL‑18 compared with healthy controls. Elevated expres-
sion of NLRP3 and its downstream inflammasome signaling 
components in patients with AOSD indicated a potential patho-
genic role of B19‑NS1. Thus, B19‑NS1 may induce expression 
of IL‑1β and IL‑18 through activation of caspase‑1‑associated 
NLRP3‑inflammasome in AOSD.

Introduction

Nucleotide‑binding domain leucine‑rich repeat‑containing 
receptors (NLRs) are the main constituents of inflammasomes 
and serve a role in innate immunity and inflammation (1‑3). 
NLR family pyrin domain containing proteins (NLRPs) are 
the largest subfamily of NLRs  (4,5). Activation of NLRs 
results in recruitment of caspase‑1 to inflammasomes via 
an adaptor protein that contains a pyrin domain (PYD) and 
caspase recruitment domain [CARD; PYD and CARD domain 
containing (PYCARD) protein] and caspase‑1 subsequently 
cleaves pro‑interleukin (IL)‑1β and pro‑IL‑18 to produce their 
active forms (1‑3).

Previous studies revealed that deregulated inflammasomes 
serve an important role in the pathogenesis of autoinflamma-
tory diseases (AIDs) (6‑8). AIDs are characterized by episodes 
of abnormally increased inflammation without production of 
high‑titer autoantibodies or antigen‑specific T lymphocytes, 
but with symptoms including spiking fever, erythema, arthrop-
athy, serositis and vasculopathy  (9‑11). Adult‑onset Still's 
disease (AOSD) is an inflammatory disorder characterized 
by spiking fever, rash, arthritis, hepatosplenomegaly, variable 
multisystemic involvement and increases in levels of acute 
phase reactants (12,13). AOSD has been classified as an AID 
as it demonstrates similar phenotypes without significantly 
elevated levels of autoantibodies  (11,14). Previous studies 
have revealed increased levels of serum IL‑1β and IL‑18 in 
patients with AOSD (15‑18). We further hypothesized that 
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inflammasome‑dependent processing of cytokines may have 
a role in in AOSD pathogenesis. However, to the best of our 
knowledge there is no data available on the pathogenic role of 
inflammasomes in AOSD.

Human parvovirus B19 (B19) is a DNA virus responsible 
for a wide range of human diseases (19). It consists of two 
structural proteins, VP1 and VP2, which are identical except 
for a 227‑amino acids long amino‑terminal end of VP1, known 
as the VP1‑unique region (VP1u) (20). B19‑VP1u is essential 
for cytotoxicity and infectivity, while B19 non‑structural 
protein‑1 (B19‑NS1) exhibits apoptotic activity  (19,20). 
B19 has been hypothesized to be associated with rheumatic 
diseases including AOSD (21,22). The present study aimed 
to investigate whether B19 serves a role as an activator of 
NLRP3‑inflammasome in AOSD.

The present study investigated whether mRNA levels of 
NLRP‑inflammasomes differ significantly between patients 
with AOSD and healthy controls, whether inflammasome 
inhibitors influence the expression of NLRP3‑inflammasome 
signaling components and whether B19‑associated antigens 
serve a role as NLRPs activators and affect the expressions of 
inflammasome components and downstream cytokines from 
peripheral blood mononuclear cells (PBMCs) of patients with 
AOSD.

Materials and methods

Patients and ethical approval. A total of 34 patients with 
active untreated AOSD (mean age  ±  standard deviation, 
32.7±11.1 years; 26 women and 8 men) fulfilling the Yamaguchi 
criteria  (14) were enrolled in Taichung Veterans General 
Hospital, Taiwan, between April 2013 and March 2015. Patients 
with infections, malignancies or other rheumatic diseases 
were excluded. Data were obtained on the presenting clinical 
features using the following definitions: i) Spiking fever was 
defined as an elevation of tympanic temperature above 39˚C 
with daily reduction in temperature into normal range or below 
39˚C; ii) typical rash was presented as salmon‑red maculo-
papular evanescent skin lesion; iii) arthritis was defined as the 
presence of swelling, local warmth and tenderness over the 
affected joints; iv) sore throat constituted subjective symptoms 
without redness or exudates in pharyngeal examination and 
v) the presence of lymphadenopathy was defined as palpable 
tender lymph nodes which most commonly occurred in the 
cervical region. Following blood sampling for the determina-
tion of NLRPs expression, all patients with AOSD received 
corticosteroids, non‑steroidal anti‑inflammatory drugs and 
disease‑modifying anti‑rheumatic drugs. A total of 14 healthy 
volunteers (33.4±5.7 years of age; 12 women and 2 men), 
with no rheumatic diseases, were enrolled as controls. The 
present study was approved by the Institutional Review Board 
of Taichung Veterans General Hospital (Taichung, Taiwan; 
approval no. CF11309) and all participants submitted written 
informed consent according to guidelines of the ethical prin-
ciples for medical research involving human subjects of the 
Declaration of Helsinki.

Determination of mRNA levels of NLRPs in PBMCs using 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). PBMCs were isolated from venous blood using 

Ficoll‑Paque PLUS (GE Healthcare, Chicago, IL, USA) density 
gradient centrifugation. Total RNA was obtained from PBMCs 
using the guanidinium isothiocyanate method, as previously 
described (23). A total of 2.5 µg RNA was reverse transcribed 
using 200 U Moloney murine leukemia virus reverse transcrip-
tase (cat. no. 28025013, Fermentas; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), which was incubated 1 h at 37˚C 
with 0.025 mM oligo(dT) primer and Reverse Transcriptase 
Buffer (18057018; Thermo Fisher Scientific, Inc.). mRNA levels 
of NLRP1‑NLRP14 were determined by qPCR using a TaqMan 
Universal Master Mix (cat. no. 4440040, Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The catalog numbers of 
primers and probes for each gene were as follows: NLRP1 
(Hs00248187_m1), NLRP2 (Hs01546932_m1), NLRP3 
(Hs00918082_m1), NLRP4 (Hs00370499_m1), NLRP5 
(Hs00411266_m1), NLRP6 (Hs00373246_m1), NLRP7 
(Hs00373683_m1), NLRP8 (Hs00603419_m1), NLRP9 
(Hs00603423_m1), NLRP10 (Hs00738590_m1), NLRP11 
(Hs00935472_m1), NLRP12 (Hs00536435_m1), NLRP13 
(Hs00603406_m1), NLRP14 (Hs00698226_m1), ASC 
(PYCARD) (Hs00741684_g1), caspase‑1 (Hs00354832_m1), 
IL‑1β (Hs01555410_m1), and IL‑18 (Hs01038788_m1) (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). Amplification cycles 
were conducted for 95˚C for 10 min, followed by 40 cycles of 
denaturation at 95˚C for 15 sec, then annealing and extension 
at 60˚C for 1 min. To standardize mRNA levels of inflamma-
some components and downstream cytokines, mRNA levels of 
the housekeeping gene GAPDH (Hs99999905_m1) were also 
determined in parallel for each sample. Relative mRNA levels 
of NLRPs were calculated using the comparative threshold 
cycle (Cq) method, 2‑ΔΔCq  (24), using the following equa-
tion: DDCq=patient (Cq NLRPs gene‑Cq GAPDH)‑mean of controls 
(Cq NLRPs gene‑Cq GAPDH).

Ex vivo cytokine production in PBMCs treated with inflam‑
masome inhibitors. To verify the association between 
NLRP3‑inflammasome and downstream inflammatory 
responses, alterations were determined in mRNA expression 
and supernatant levels of downstream cytokines in PBMCs 
treated with inflammasome inhibitors. PBMC samples were 
incubated at 37˚C in a 5% CO2 humidified atmosphere for 24 h 
in dimethyl sulfoxide (D2650, Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) as a solvent or in the presence of inflam-
masome inhibitors. The inhibitors used in the present study 
included the NLRP3 inhibitor glibenclamide (20 µM; IMI‑2319, 
Novus Biologicals LLC, Littleton, CO, USA) and caspase‑1 
inhibitor VX‑765 (60 µM; orb61303, Biorbyt Ltd. Cambridge, 
UK) at 37˚C in a 5% CO2 humidified atmosphere for 24 h. 
The mRNA expression levels of NLRP3 were determined as 
described in the previous section. Cell‑free supernatant was 
harvested by centrifugation at 4˚C for 15 min at 500 x g and 
stored at ‑70˚C until used for the determination of cytokine 
levels. Levels of IL‑1β and IL‑18 were determined using ELISA 
kits (cat. no. ELH‑IL1b‑1, RayBiotech Inc., Norcross, GA, USA; 
and cat. no. 7620, MBL International Co., Woburn, MA, USA, 
respectively) according to the manufacturers' instructions.

Ex vivo assay to investigate the effect of B19‑associated 
antigens on mRNA expression levels of NLRP3 and downstream 
cytokines. PBMCs from 14 patients with AOSD and 4 healthy 
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volunteers were re‑suspended in RPMI 1640 medium (Thermo 
Fisher Scientific, Inc.) supplemented with 100 units/ml peni-
cillin, 100 µg/ml streptomycin and 10% fetal bovine serum 
(Thermo Fisher Scientific Inc.) at a final concentration 
5x106 cells/well. Expression levels of NLRP3 were examined 
in PBMCs treated with B19‑associated antigens, including 
1.5 µg/ml B19‑NS1 and 1.5 µg/ml B19‑VP1 u for 24 h, puri-
fied as previously described (25). Fold change values represent 
the ratio of mRNA expression levels in cells treated with B19 
antigens, compared with mRNA levels in cells treated with 
medium only. Data are presented as the mean ±  standard 
deviation. mRNA levels of NLRP3 and supernatant levels of 
IL‑1β and IL‑18 were determined as described above.

Ex vivo assay to investigate the effect of B19‑associated 
antigens on protein expression levels of NLRP3 and down‑
stream cytokines. The PBMCs were treated with Protein 
Extraction Solution (cat. no. 17081, iNtRON Biotechnology, 
Seongnam, South Korea) for 20 min on ice and centrifuged 
at 10,000 x g for 30 min at 4˚C, proteins were quantified with 
a Bicinchoninic Acid Protein Assay (cat. no. 786571, Geno 

Technology Inc., Louis, MO, USA). Total protein extraction 
(10 µg) was performed from PBMCs treated with 1.5 µg/ml 
B19‑NS1 and 1.5 µg/ml B19‑VP1u. Proteins were separated 
by 10% SDS‑PAGE in running buffer (25 mM Tris, 192 mM 
glycine, 0.1% SDS). The gel was run at 70 V 30 min at room 
temperature, then at 100 V until the blue‑dye front approached 
the end of the gel. The gel was transferred to polyvinylidene 
fluoride membranes (1620177; Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA), which were blocked with transfer buffer 
(50 mM Tris, 384 mM glycine, 20% methanol) at 4˚C for 
300 mA 1 h with the Mini TBC Electrophoretic Transfer Cell 
(170‑3930, Bio‑Rad Laboratories, Inc.). The membranes were 
blocked with 5% BSA (A7906; Sigma‑Aldrich; Merck KGaA) 
in TBST [150 mM NaCl, 20 mM Tris‑HCl (pH 7.4), 0.1% 
Tween‑20] at room temperature for 1 h. Western blot analyses 
were performed using primary antibodies against NLRP3 
(1:1,000; ab16097, Abcam, Cambridge, MA, USA), caspase‑1 
(1:1,000; NB100‑56565SS, Novus Biologicals, LLC), IL‑1β 
(1:1,000; NBS2‑27342SS, NB100‑56565SS, Novus Biologicals, 
LLC), IL‑18 (1:1,000; PM014, MBL International Co.), and 
GAPDH (1:5,000; sc‑32233, Santa Cruz Biotechnology, 

Figure 1. Comparisons of relative mRNA levels of (A) NLRP1, (B) NLRP2, (C) NLRP3, (D) NLRP6, (E) NLRP7 and (F) NLRP12 between 34 patients with 
AOSD and 14 HCs. Horizontal bar indicates the median value. *P<0.001. NLRP, NLR family pyrin domain containing; AOSD, adult‑onset Still's disease; HC, 
healthy control.
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Inc., Dallas, TX, USA) at 4˚C overnight. Horseradish 
peroxidase‑conjugated anti‑mouse (1:10,000; sc‑2005, Santa 
Cruz Biotechnology, Inc.) or rabbit immunoglobulin G was 
used as a secondary antibody (1:10,000; sc‑2004, Santa Cruz 
Biotechnology, Inc.) for 1 h at room temperature. Expression 
levels of GAPDH served as an internal control. Immunoreactive 
bands were detected on radiographic films using the enhanced 
chemiluminescence detection system (Advansta Inc., Menlo 
Park, CA USA). ImageJ v1.44p software (National Institutes 
of Health, Bethesda, MD, USA) was used for densitometry 
and values were normalized to GAPDH expression levels. The 
protein expression levels of NLRP3 and downstream cytokines 
were normalized to GAPDH and values are expressed relative 
to the control group.

Statistical analysis. Data (n=2) are presented as the 
mean ± standard deviation or the median and interquartile 
range. Nonparametric Mann‑Whitney U test was used for 
between‑group comparisons of expression levels of NLRPs 
and downstream cytokines. Nonparametric one‑way analysis 
of variance with Dunn‑Bonferroni post‑hoc tests were used for 
between‑group comparisons of alterations in protein expres-
sion levels of NLRP3 in PBMCs stimulated with B19‑VP1u, 
B19‑NS1 or the control group. Association coefficient was 
calculated using the nonparametric Spearman's rank asso-
ciation test. Wilcoxon signed rank test was used to compare 
expression levels of NLRP3 and downstream cytokines prior 
to and following treatment. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Clinical characteristics of patients with AOSD. Based on the 
findings of physical examination, the presence of spiking fever 
(body temperature ≥39˚C), evanescent rash, arthritis, sore throat 
and lymphadenopathy were observed in 33, 30, 25, 24 and 13 of 
34 patients with AOSD, respectively. Neither the age at entry 
nor the proportion of females differed significantly between the 
patients with AOSD and the healthy controls.

Comparison of mRNA levels of NLRPs between patients with 
AOSD and controls. Significantly increased mRNA levels of 
NLRP3 were observed in patients with AOSD compared with 
healthy patients (P<0.001; Fig. 1 and Table I). By contrast, 
significantly lower transcript levels of NLRP2, 7 and 12 were 
observed in patients with AOSD compared with the healthy 
patients. Transcript levels of NLRP1 and 6 did not differ 
significantly in patients with AOSD compared with the control 
group. The mRNA levels of NLRP4, 5, 8, 9, 10, 11, 13 and 
14 were too low to be detected by qPCR in patients with AOSD 
or healthy controls.

Association between NLRP3 mRNA expression levels 
and clinical features in AOSD. Higher levels of 
NLRP3 expression were observed in AOSD patients 
with skin rash or arthritis compared with in those 
without (10.91±13.84 vs. 3.66±2.09; 12.11±14.82 vs. 
4.37±3.20; respectively); statistical significance was not 
observed (P=0.309, P=0.134, respectively). In addition, no 
significant differences in NLRP3 expression levels between 

AOSD patients with and without sore throats were observed 
(11.39±15.10 vs. 6.87±6.38, P=0.372), or between AOSD 
patients with and without lymphadenopathy (11.59±12.68 
vs. 9.11±13.73, P=0.601).

Correlation between mRNA levels of NLRPs and expression of 
downstream inflammasome signaling components in patients 
with AOSD. NLRP3 transcript levels were positively associated 
with expression levels of inflammasome signaling components 
and downstream cytokines including PYCARD (correlation 
coefficient r=0.343, P<0.05), caspase‑1 (r=0.445, P<0.01), IL‑1β 
(r=0.379, P<0.05) and IL‑18 (r=0.482, P<0.01) in patients with 
AOSD. Conversely, NLRP2 transcript levels were inversely 
correlated with expression levels of PYCARD (r=‑0.389, 
P<0.05), caspase‑1 (r=‑0.515, P<0.01), IL‑1β (r=‑0.351, P<0.05) 
and IL‑18 (r=‑0.481, P<0.01) in patients with AOSD.

NLRP3 and caspase‑1 are associated with inflammasome 
signaling in AOSD. Inflammatory response to inflammasome 
inhibitors was evaluated to analyze the NLRP3‑inflammasome 
signaling pathway. The results obtained indicated that treatment 
with NLRP3 inhibitor significantly downregulated mRNA 
levels of NLRP3, caspase‑1, IL‑1β and IL‑18 (all P<0.005) 
in PBMCs from patients with AOSD (Fig.  2A). Similarly, 
treatment with caspase‑1 inhibitor significantly reduced 
mRNA levels of caspase‑1, IL‑1β and IL‑18 (all P<0.005; 
Fig.  2B). Treatment of PBMCs from patients with AOSD 
with NLRP3 inhibitor significantly reduced IL‑1β and IL‑18 

Table I. Relative mRNA levels of NLRPs in patients with 
AOSD and healthy controls.

	 Relative mRNA expression
NLRP	 levels [median (IQR) fold]

NLRP1	
  AOSD	 1.31 (0.76‑3.48)
  Control	 0.99 (0.74‑1.14)
NLRP2	
  AOSD	 0.22 (0.08‑0.44)a

  Control	 0.84 (0.47‑1.61)
NLRP3	
  AOSD	 4.79 (3.04‑2.05)a

  Control	 0.79 (0.61‑1.58)
NLRP6	
  AOSD	 0.53 (0.30‑1.62)
  Control	 1.10 (0.38‑1.44)
NLRP7	
  AOSD	 0.13 (0.04‑0.25)a

  Control	 0.91 (0.48‑1.89)
NLRP12	
  AOSD	 0.37 (0.24‑0.47)a

  Control	 1.07 (0.89‑1.24)

aP<0.001, vs. control group. AOSD, adult‑onset Still's disease; IQR, 
interquartile range; NLRP, NLR family pyrin domain containing.
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levels (P<0.005 and P<0.05, respectively) in the supernatant, 
compared with the control treatment group (Fig. 2C). Similarly, 
treatment of PBMCs from patients with AOSD with caspase‑1 
inhibitor significantly reduced levels of IL‑1β and ‑18, compared 
with the control group (both P<0.005; Fig. 2D).

Expression levels of NLRP3‑inflammasome signaling compo‑
nents in PBMCs are stimulated by parvovirus B19 antigens. 
To investigate the effect of B19 antigens on NLRP3 activa-
tion, PBMC cells were treated with B19 antigens and fold 
changes relative to control in transcript levels of NLRP3 and 

supernatant levels of downstream cytokines were determined. 
The results of the present study revealed that stimulation of 
PBMCs from patients with AOSD with B19‑NS1 induced 
significant increases in NLRP3, caspase‑1 and IL‑1β compared 
with healthy patients (all P<0.0005; Fig. 3A). However, tran-
script levels of NLRP3 and caspase‑1 in B19‑VP1u‑stimulated 
PBMCs did not differ significantly between patients with 
AOSD and healthy controls. B19‑NS1 treatment significantly 
increased supernatant levels of IL‑1β in patients with AOSD 
compared with healthy controls (P<0.05). The difference in 
IL‑18 levels was not statistically different (Fig. 3B).

Figure 2. Fold changes in mRNA levels of NLRP3, caspase‑1, IL‑1β and IL‑18 in PBMCs treated with (A) NLRP3 inhibitor glibenclamide and (B) caspase‑1 
inhibitor VX‑765 in patients with AOSD and HCs. Alterations in supernatant levels of IL‑1β and ‑18 in PBMCs culture treated with (C) NLRP3 inhibitor 
glibenclamide and (D) caspase‑1 inhibitor VX‑765 in patients with AOSD and HC. Data are presented as the mean ± standard deviation. *P<0.05, **P<0.005. 
AOSD, adult‑onset Still's disease; HC, healthy control; IL, interleukin; NLRP, NLR family pyrin domain containing.
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Patients with AOSD exhibit increased protein expression 
of NLRP3‑inflammasome components in PBMC lysates 
stimulated with B19‑NS1, compared with samples treated 
with B19‑VP1u and medium only. Stimulation of PBMCs with 
B19‑NS1 induced an increase in the expression of NLRP3, 
caspase‑1, IL‑1β and IL‑18 in patients with AOSD compared 
with healthy controls (all P<0.05; Fig. 3C and D).

Discussion

Different types of inf lammasomes contain different 
NLRPs responsible for variable regulation of inflammatory 
responses (2,4,26). The present study demonstrated markedly 

increased NLRP3 transcript levels in patients with AOSD 
compared with healthy controls. NLRP3 expression levels were 
positively associated with levels of inflammasome components 
and downstream cytokines in patients with AOSD. As previously 
demonstrated, the results of the present study confirmed that 
activation of NLRP3 and caspase‑1 is essential for the inflam-
matory response in AOSD (27). The above observations suggest 
involvement of NLRP3‑inflammasome signaling in AOSD 
pathogenesis. Parvovirus B19 infection has been previously 
associated with AOSD and B19‑NS1 has been hypothesized to 
serve role in NLRP3 activation in patients with AOSD (22).

Following activation of NLRP3 and caspase‑1, release 
of IL‑1β and IL‑18 is the final stage of pathogenesis 

Figure 3. Alterations in mRNA and protein expression levels following treatment with B19‑VP1u and B19‑NS1. (A) Fold‑changes, relative to the healthy 
control group, in transcript levels of NLRP3, caspase‑1, IL‑1β and‑18 in PBMCs stimulated with B19‑VP1u and B19‑NS1 in patients with AOSD and HCs. 
(B) Supernatant levels of IL‑1β and IL‑18 in PBMCs stimulated with B19‑VP1u and B19‑NS1 in patients with AOSD and HCs. (C) Western blot analysis of 
expression of NLRP3, Cas‑1, IL‑1β and‑18 and control GAPDG proteins in PBMC lysates obtained from one AOSD patient and one HC. (D) Protein expres-
sion levels (fold‑changes relative to healthy control group) of NLRP3, caspase‑1, IL‑1β and‑18 in PBMCs stimulated with B19‑VP1u and B19‑NS1 in patients 
with AOSD and HC. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.005 vs. the respective HC group, #P<0.05, vs. the respective no 
treatment group. PBMC, peripheral blood mononuclear cell; AOSD, adult‑onset Still's disease; HC, healthy control; IL, interleukin; NLRP3, NLR family 
pyrin domain containing 3; Cas‑1, caspase‑1; B19‑VP1u, human parvovirus B19 VP1‑unique region; B19‑NS1, human parvovirus B19 non‑structural protein‑1.
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of inf lammasome‑associated AIDs. NLRP3 transcript 
levels were positively correlated with the expression levels of 
inflammasome signaling components in patients with AOSD. 
Furthermore, NLRP3 and caspase‑1 inhibitors markedly 
suppressed expression of IL‑1β and IL‑18, indicating that 
NLRP3‑associated caspase‑1‑dependent mechanism may 
mediate the production of downstream cytokines in AOSD.

mRNA levels of NLRP2, a member of negative regulatory 
NLRPs, were inversely correlated with the expression levels of 
downstream inflammasome signaling components in patients 
with AOSD. In addition, a negative correlation was identified 
between NLRP2 levels and NLRP3 levels in patients with 
AOSD (data not presented), supporting a hypothesis that 
NLRP2 competes with NLRP3 in binding to PYCARD and 
subsequently activating caspase‑1 (28,29). The aforementioned 
observations suggest that NLRP2 may serve a role as a nega-
tive regulator of immune responses in AOSD. However, the 
role of NLRP2‑inflammasome in rheumatic patients remains 
to be elucidated.

mRNA levels of NLRP7 and NLRP12 were lower in 
patients with AOSD compared with healthy controls. Although 
it remains to be elucidated whether NLRP7 is an activator or 
an inhibitor of inflammasome, it has been hypothesized that 
NLRP7 can inhibit NLRP3 and caspase‑1‑mediated release 
of IL‑1β (30‑32). NLRP12 has been previously reported to 
suppress the production of proinflammatory cytokines by 
inhibiting nuclear factor‑κB via a proteasome‑dependent 
pathway and has been identified as a negative regulator of 
inflammation (33).

Although in a previous report NLRP9 has been implicated 
in the pathogenesis of AOSD and NLRP10 has been previ-
ously identified as an inflammasome inhibitor (34,35), mRNA 
levels of NLRP4, 5, 8, 9, 10, 11, 13, and 14 were undetectable 
in the present study. This observation supports the hypothesis 
that only a few mammalian NLRPs directly participate in 
inflammatory responses and certain NLRPs may be involved 
in other non‑immune pathways including embryogenesis (36). 
Another possibility is that the assay used in the present study 
demonstrated limited sensitivity and therefore failed to detect 
certain NLRPs.

Certain pathogen associated molecular patterns have 
been identified as NLRP3 activators (1,3) but specific ligands 
of NLRP3 in AOSD remain to be elucidated. Based on the 
association of parvovirus B19 infection with AOSD patho-
genesis, we hypothesized that B19‑associated antigens may 
activate the expression of NLRP3‑inflammasome associated 
signaling (22). Ex vivo experiments included in the present 
study are, to the best of our knowledge, the first to reveal 
that B19‑NS1 can up‑regulate the expression of mRNA and 
protein levels of NLRP3, indicating that B19‑NS1 may be 
an activator of NLRP3 in AOSD. The results of the present 
study confirm previous hypotheses that adenoviruses 
(non‑enveloped DNA viruses) can activate NLRP3 and that 
NLRP3 may be implicated in immune responses to viral 
infection (1,37).

There were certain limitations of the present study. Due to 
difficulties associated with obtaining biopsy tissues, expres-
sion of NLRPs was not investigated in lesion specimens from 
patients with AOSD. Lack of association between expression 
levels of NLRP3 and clinical features may be due to the small 

sample size in this clinically heterogeneous and uncommon 
disease. Association between NLRP3 levels and parvovirus 
B19 DNA was not investigated in the present study.

Enhanced expression of NLRP3 resulting in elevated levels 
of downstream cytokines may be involved in pathogenesis of 
AOSD. Since activators of NLRP3 in AOSD remain to be 
elucidated, the presented study provides novel insights into the 
innate immunity of AOSD.
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