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ABSTRACT The researchers aimed to study the clinical significance of the expression profiles of purinergic ligand-
gated ion channel 7 receptor (P2X7R), nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3) and
C-X-C motif chemokine receptor 16 (CXCL16) in patients with gouty arthritis (GA)-induced kidney injury (KI). A total
of 120 GA patients admitted between January 2020 and January 2022 were enrolled. The P2X7R, NLRP3 mRNA and
CXCL16 levels of the KI group had negative correlations with eGFR and positive correlations with Scr and CysC
(P<0.05). The areas under the receiver operator characteristic curves of P2X7R, NLRP3 mRNA, and CXCL16 indicated
that the three indices had high sensitivity and specificity for the diagnosis of GA-induced KIl, and the combined detection
was most effective. GA-induced Kl patients have elevated levels of P2X7R, NLRP3 mRNA and CXCL16. Hence, these

indices are valuable for the early diagnosis of GA-induced KI.

INTRODUCTION

Gouty arthritis (GA) is triggered by the dep-
osition of urate crystals in joints and other tis-
sues (Cabau et al. 2020). Its main clinical mani-
festations include gouty nephropathy, subcu-
taneous tophus, and urinary calculi. In severe
cases, GA may be manifested as joint deformity
and even dysfunction, serious influencing the
life quality as well as physical and mental health
of patients (Macaya et al. 2015; Marin et al. 2018).
GA is one of the most common inflammatory
arthritis in clinical practice and mostly occurs in
middle-aged males (Evavold et al. 2019), with a
prevalence of 1.1 percent in China (Liu etal. 2015).
Reflecting the onset of GA to a certain extent,
GA-induced kidney injury (K1) aggravates the
disease and makes the treatment more difficult (Zhang
et al. 2022). Hence, it is necessary to find indices
suitable for the early diagnosis of GA-induced
KI.

As an ion channel protein distributed in many
types of tissues and organs, purinergic ligand-
gated ion channel 7 receptor (P2X7R) can par-
ticipate in the inflammatory response of GA (Shi
et al. 2017). Besides, nucleotide-binding oligo-
merization domain-like receptor protein 3 (NLRP3)
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is a molecular target for the treatment of many
diseases, which can regulate the inflammatory
response of the human body by interacting with
caspase-1 to form the inflammasome (Swanson
etal. 2019). C-X-C motif chemokine receptor 16
(CXCL16), as a key member of the chemokine
family, plays a mediating role in the accumula-
tion of mononuclear cells, with high expression
level in the synovial tissue of patients with rheu-
matoid arthritis (Aglietti etal. 2017). At present, the
expressions of P2X7R, NLRP3, and CXCL16 in GA-
induced KI patients and their values for diagnosis
and treatment have rarely been reported.

Objectives

The aim of this study was to provide a basis
for the clinical diagnosis and treatment of GA-
induced Kl by detecting the expressions of
P2X7R,NLRP3and CXCL16.

MATERIAL AND METHODS
General Data
A total of 120 GA patients admitted to our
hospital from January 2020 to January 2022 were

enrolled according to the following inclusion
criteria: (1) all patients met the diagnosis criteria
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in “Guidelines for the Diagnosis and Treatment
of Primary Gout” (Chinese Rheumatology As-
sociation 2011), (2) they signed the informed
consent after being informed of the research
methods and purpose, and (3) the study was ap-
proved by the ethics committee of our hospital.
The exclusion criteria were as follows: (1) patients
with chronic nephritis, complicated renal failure,
history of renal surgery or urinary system diseas-
es, (2) those who had to take long-term medica-
tion due to illness which affected their renal func-
tion and metabolism, or (3) those complicated with
severe trauma, infection, hypertension, diabetes
mellitus or malignant tumors.

According to the Kidney Disease Improv-
ing Global Outcomes criteria (Stevens et al. 2013),
the enrolled patients were divided into a KI group
(n=52) and a non-K1 (NKI) group (n=68). Mean-
while, 60 healthy individuals admitted to the
hospital for physical examination in the same
period were included as a control group. The Kl
group consisted of 45 males and 7 females [34-
75 years old, (46.85+4.62) years old on average],
with 20 at the acute exacerbation stage of GA
and 32 at the complete remission stage. The NKI
group was composed of 60 males and 8 females
[36-77 yearsold, (47.12+4.54) years old on aver-
age], with 30 at the acute exacerbation stage of
GA and 38 at the complete remission stage. More-
over, the control group consisted of 48 males and
12 females [35-78 years old, (45.96+4.70) years old
on average]. The three groups had comparable
general data (P>0.05).

Collection and Treatment of Specimens

First, 3 mL of fasting peripheral venous blood
was drawn from each subject in the morning.
After 10 minutes of centrifugation (3,000 r/min),
the supernatant was collected and stored at -80°C
prior to use. Strictly following the kit’s instruc-
tions (R&D Systems, USA), the enzyme-linked
immunosorbent assay was performed to deter-
mine the levels of serum P2X7R and CXCL16.

Isolation of Peripheral Blood Mononuclear
Cells (PBMCs)

First, 3 mL of venous blood was extracted
from each subject, placed in an anticoagulant
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tube containing ethylene diamine tetraacetic acid,
and then added an equal volume of lymphocyte
separation medium. After being uniformly mixed,
the solution was centrifuged to obtain PBMCs.

Detection of Relative Expression Level of NLRP3
MRNAinPBMCs

The test tube containing PBMCs was added
1 mL of TRIzol lysis buffer, followed by high-
speed centrifugation to extract total RNA and to
determine its content. RNA reverse transcrip-
tion was conducted strictly following the instruc-
tions of corresponding kit (Thermo Fisher Sci-
entific, USA). The primer sequences are listed in
Table 1. The relative expression level of NLRP3
mMRNA was calculated by AACT, and GAPDH
gene was used as the internal reference.

Table 1: Primer sequences

Gene Primer sequence

NLRP3  Forward: 5-CATGAGTGCTGCTTCGACAT-3'
Reverse: 5-GCTTCAGTCCCACACAGA-3'
Forward: 5-AGACAGCCGCATCTTCTTGT-3'

Reverse: 5-CTTGCCGTGGGTAGAGTCAT-3

GAPDH

Detection of Renal Function

AU5400 automatic biochemical analyzer
(Olympus, Japan) was used to detect the levels
of serum creatinine (Scr) and cystatin C (CysC).

Observation Indices

Multi-group comparison was performed for
the levels of P2X7R, NLRP3 mRNA, CXCL16 and
indices related to renal function. Pearson’s cor-
relation analysis was conducted to explore the
correlations of the levels of P2X7R, NLRP3
mMRNA and CXCL16 with indices related to the
renal function of the KI group. Receiver operat-
ing characteristic (ROC) curves were plotted to
predict the values of P2X7R, NLRP3 mRNA and
CXCL16 for the diagnosis of GA-induced KI. Based
on the ROC curves, the specificity, sensitivity and
Youden index were calculated.

Statistical Analysis

Statistical analysis was conducted using
SPSS 20.0 software. The expression levels of



254

P2X7R, NLRP3mRNA, and CXCL16 and other
measurement data were expressed as (x £ s) and
subjected to the t test, and the count data were
subjected to the chi-square ()?) test. The corre-
lations between factors were examined with Pear-
son’s correlation analysis. Analysis of variance
and LSD-t test were applied to multigroup and
pairwise comparisons, respectively. ROC curves
were plotted to predict the values of P2X7R,
NLRP3 mRNA and CXCL16 for the diagnosis of
GA-induced KI. The statistically significant dif-
ference between variables was confirmed when
P<0.05.

RESULTS

P2X7R, NLRP3 mRNA and CXCL16 Levels of
Three Groups

The K1 group had significantly higher levels
of P2X7R, NLRP3 mRNA and CXCL 16 than those
of NKI and control groups (P<0.01). The levels
of the three indices in the NKI group were sig-
nificantly higher than those of the control group
(P<0.01) (Table 2).
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Renal Function-related Indices of Three Groups

Compared with NKI and control groups, the
KI group had a significantly lower eGFR level
and higher levels of Scrand CysC (P<0.01). NKI
and control groups had similar levels of eGFR,
Scrand CysC (P>0.05) (Table 3).

Correlations of P2X7R, NLRP3 mRNA and
CXCL16 with Renal Function-related Indices
of the KI Group

P2X7R, NLRP3mRNA and CXCL 16 had neg-
ative correlations with eGFR (P<0.05), and posi-
tive correlations with Scr and CysC (P<0.05) in
the Kl group (Table 4).

Values of P2X7R, NLRP3 mRNAand CXCL 16
for Diagnosis of GA-induced Kl

As revealed by ROC curves, P2X7R, NLRP3
MRNA and CXCL16 all had high diagnostic sen-
sitivity and specificity for GA-induced KI, and
the combined detection using these indices was

Table 2: P2X7R, NLRP3 mRNA and CXCL16 levels of three groups (xs)

Group n P2X7R (pg/mL) NLRP3 mRNA CXCL16 (ig/L)
Kl group 52 668.45+ 302.47 2.59+ 0.42 2.96+ 0.45

NKI group 68 429.68+ 125.64 1.92+ 0.38 1.98+ 0.10

Control group 60 360.57+ 82.59 0.98+ 0.22 1.12+ 0.08

F 41.480 303.306 733.781
P <0.001 <0.001 <0.001
Table 3: Renal function-related indices of three groups (X+s)

Group n P2X7R (pg/mL) NLRP3 mRNA CXCL16 (ig/L)
Kl group 52 71.63+11.96 91.68+ 25.47 2.95+ 0.89
NKI group 68 97.85+ 6.89 4496+ 5.20 0.96+ 0.30
Control group 60 100.72+ 6.75 4328+ 491 0.88+ 0.25
F 202.485 203.584 268.797
P <0.001 <0.001 <0.001

Table 4: Correlations of P2X7R, NLRP3 mRNA and CXCL16 with renal function-related indices

among patients in KI group

Index P2X7R NLRP3 mRNA CXCL16

r P P r P
eGFR -0.534 0.000 -0.562 0.000 -0.633 0.000
Scr 0.429 0.022 0.602 0.000 0.467 0.014
CysC 0.417 0.025 0.563 0.000 0.451 0.016
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more valuable for diagnosis than the detection
using any single index (Table 5 and Fig. 1).

DISCUSSION

GA is an acute/chronic metabolic disease
induced by various factors, such as heredity,
lifestyle, and the environment, mostly by purine
metabolism disorders, abnormal increase of se-
rum uric acid, and urate deposition (MVeerappan
et al. 2017; Zheng et al. 2018). The disease is
manifested as acute or chronic arthritis, as well
as pain and even deformity in joints. Without

timely treatment, it may damage the kidneys, thus
triggering chronic interstitial nephritis, acute and
chronic renal failure and even uremia (Steinbach
etal. 2018). The pathogenesis of GA-induced Kl
is related with the deposition of urate in renal
tissue due to the decreased urate clearance rate
in renal tubules (Charmoy et al. 2016). At the
early stage of GA, the urine of patients does not
change evidently, thus easily causing missed
diagnosis, misdiagnosis and even delay in treat-
ment (Lin etal. 2020). To improve GA diagnosis
and treatment, it is now crucial to find reliable
early diagnostic indices.

Table 5: Value of P2X7R, NLRP3 mRNA and CXCL16 for diagnosis of GA-induced Kl

Variable AUC P Specificity Sensitivity ~ Youden index
P2X7R 0.787 <0.001 0.734 0.770 0.504
NLRP3 mRNA 0.878 <0.001 0.853 0.866 0.719
CXCL16 0.823 <0.001 0.792 0.816 0.608
Combined detection 0.964 <0.001 0.918 0.942 0.860
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Fig. 1. ROC curves of P2X7R, NLRP3 mRNA, and CXCL16 for diagnosis of GA-induced KI
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P2X7R participates in the expressions of in-
flammatory response mediators in the synovial
tissue of joints (Li et al. 2023). The expression
level of P2X7R in GA patients has been correlat-
ed with multiple inflammatory factors and the
erythrocyte sedimentation rate (Pirzada et al.
2020). Under the stimuli of ATP, P2X7R binds
panx-1 to induce the formation of non-selective
pores (Kicik etal. 2019; Marin-Aguilar et al. 2020).
P2X7R, as an upstream molecule of NLRP3, is
only expressed in a variety of cells including
neutrophils, dendritic cells, and microglia. It also
regulates the expression of NLRP3 at the pro-
tein and mRNA levels (Smolaet al. 2017). None-
theless, whether NLRP3 exerts a direct effect on
NLRP3 inflammasome remains unclear.

NLRP3 inflammasome is a macromolecular
multi-protein complex composed of NLRP3,
caspase-1 (effector protein), and apoptosis-as-
sociated speck-like protein containing a CARD
(adaptor protein). It plays a crucial role in the
treatment of diseases such as cardiovascular
disease, lung injury, GA, and Parkinson’s syn-
drome (Han et al. 2016; Xing et al. 2018). The
possible mechanism of NLRP3 participating in
the inflammatory response of GA is as follows.
The inhibition of NLRP3 is relieved under the
stimulation of ATP and monosodium urate to
induce oligomerization, completing inflamma-
some assembly through recruiting adaptor pro-
tein and pro-Caspase-1 containing CARD to pro-
vide a platform for the generation and secretion
of various inflammatory response mediators, and
also participating in the prevention and treat-
ment of GA inflammatory responses by imped-
ing the assembly or activation of inflammatory
complexes (Lee etal. 2016).

Expressed on the surface of various cells in-
cluding macrophages, fibroblasts, and dendritic
cells, CXCL16 exists as a soluble molecule or
binds the membrane of the cell surface, which
plays an essential role in GA onset and progres-
sion (Le et al. 2019). In this study, the levels of
P2X7R, NLRP3 mRNA and CXCL16 in the KI
group were significantly higher than those of
NKI and control groups, and the NKI group had
significantly higher levels of these indices than
those of the control group. Thus, the detection
using P2X7R, NLRP3 mRNA, and CXCL16 lev-
els in GA patients had high values for diagnos-
ing K1 and evaluating the renal function. In ad-
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dition, the KI group had a significantly lower
level of eGFR and higher levels of Scr and CysC
than those of NKI and control groups, which
indicated the existence of severe Kl in GA pa-
tients, being consistent with a previous literature
(Xiaoetal. 2019).

Possibly, the increase of P2X7R activates
mononuclear macrophages, drives the differen-
tiation and maturation of inflammatory cells, and
participates in the synthesis and release of var-
ious inflammatory factors playing crucial roles
in the occurrence of GA-induced KI (Liu et al.
2022). Moreover, the elevation of CXCL16 level
in patients with GA-induced KI may be a stress
response mostly originating from metabolic
changes (Kim et al. 2023). Given the role of NLRP3
inflammasome in regulating inflammatory re-
sponse, its relative expression level can reflect
the response intensity of GA patients (Yang et
al. 2020). The rising expression level of NLRP3
MRNA further activates the downstream inflam-
matory pathway, contributes to the apoptosis
or pyroptosis of renal tubular cells, leads to the
imbalance between protease and anti-protease,
and degrades the extracellular matrix (Wen et al.
2021). Inthis study, P2X7R, NLRP3 mRNA, and
CXCL16 all had high diagnostic sensitivity and
specificity for GA-induced K1, and the combined
detection had a higher diagnostic value than
that of the detection using any single index.
Hence, these indices can be used as biomarkers
for the early diagnosis of GA-induced KI.

CONCLUSION

In conclusion, the increasing P2X7R, NLRP3
MRNA and CXCL16 levels of patients with GA-
induced KI have close correlations with renal
function. These indices have high values for
the diagnosis of GA-induced Kl and can be used
as early diagnostic indices.
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RECOMMENDATIONS

Further multicenter studies with larger sam-
ple sizes are in need to verify the roles of P2X7R,
NLRP3 mRNA and CXCL16 in the early diagnosis
of GA-induced KI.



DIAGNOSIS OF GOUTY ARTHRITIS-INDUCED KIDNEY INJURY 257

ABBREVIATIONS

CysC: Cystatin C; CXCL16: C-X-C motif
chemokine receptor 16; GA: gouty arthritis; KI:
kidney injury; NKI: non-Kl; P2X7R: purinergic
ligand-gated ion channel 7 receptor; PBMCs: pe-
ripheral blood mononuclear cells; ROC: receiver
operating characteristic; Scr: serum creatinine.
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