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Clinical importance of chemokines and inflammatory cytokines
for patient care following percutaneous nephrolithotripsy
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Abstract. Chemokines are a class of proteins with low
molecular weight that serve important roles in the progression
of inflammation. Percutaneous nephrolithotripsy is a surgical
technique in which lasers or ultrasound are utilized to break
down and/or remove kidney stones. In order to ensure a full
recovery following surgery, effective patient care and nursing
are required. In the present study, a total of 348 patients with
kidney stones were recruited and the clinical importance of
chemokines and inflammatory cytokines for the nursing of
patients during perioperative period was investigated. Plasma
levels of inflammatory cytokines, as well as chemokines in the
C, CC and CXC families, were analyzed in patients following
percutaneous nephrolithotripsy. Correlations between
chemokines and inflammatory cytokines and the urinary
concentration of calcium oxalate were also investigated. The
results indicated that plasma levels of C and CC chemokines
were downregulated in patients following percutaneous
nephrolithotripsy, whereas the plasma concentrations of CXC
chemokines were upregulated. Plasma concentration levels of
inflammatory cytokines interleukin (IL)-8, IL-1, IL-17 and
tumor necrosis factor (TNF)-a were significantly downregu-
lated in patients following percutaneous nephrolithotripsy;
however, no significant differences were observed in plasma
levels of IL-6 and IL-10 pre- and post-surgery. Regression
analysis revealed that plasma concentration levels of chemo-
kine C motif ligand, which is a C chemokine, chemokine
ligand 2, which is a CC chemokine, and TNF-a were posi-
tively correlated with the urinary concentration of calcium
oxalate during the perioperative period. The results of the
present study indicate that plasma levels of chemokines and
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inflammatory cytokines are clinically important for nursing
of patients who experienced percutaneous nephrolithotripsy.

Introduction

Kidney stones are a common problem affecting the urinary
system that significantly affect metabolism and impede
physical activity (1). Studies investigating the causes of disease
have reported that several factors contribute to the formation of
stones, including age, sex, ethnicity, genetic and environmental
factors, dietary habits, occupation, metabolic abnormali-
ties, urinary tract obstruction, infection and drug use (2,3).
Clinical pathology has demonstrated that calcium oxalate is
the primary constituent of kidney stones (4). Percutaneous
nephrolithotripsy is a commonly used and effective surgical
treatment for solitary kidney stones (5,6). Laparoscopy-assisted
transmesocolonic percutaneous nephrolithotripsy is consid-
ered to be a safe and effective treatment option in cases of
ectopic kidney stone disease (7). Clinical care is important
for recovery from percutaneous nephrolithotripsy in clinical
patients (8).

Chemokines are a class of low molecular weight proteins
that attract white blood cells to infection sites and serve an
important role in immunological surveillance (9,10). Previous
studies have suggested that chemokine levels may be used
as an indicator of the progression of inflammation, with
immune cell migration increasing with the concentration of
chemokines (11,12). Changes in the plasma concentration of
chemokines are associated with several diseases, including
netherton syndrome and cancer and are regarded as prog-
nostic indicators (13,14). In recent years, the mechanism by
which chemokines mediate systemic inflammation has been
investigated and analyzed; however, the clinical importance
of chemokines for the postoperative care of patients who
have undergone percutaneous nephrolithotripsy has not been
studied (15).

Inflammation is commonly observed in patients following
percutaneous nephrolithotripsy (16). It has previously been
reported that predictors, including sepsis and fever were
regulated in the systemic inflammatory response following
percutaneous nephrolithotripsy and patients with the
systemic inflammatory response syndrome risk factors must
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be aggressively treated to prevent postoperative sepsis (17).
Lu er al (18) suggested that renal tubular epithelial cell
injury, apoptosis and inflammation are associated with
melamine-related kidney stone formation. These findings are
important for developing an understanding of the pathogenesis
of melamine-related kidney stone formation and estimating
patient prognoses (18). The molecular mechanisms of
crystal-associated kidney inflammation and injury have impli-
cations in cholesterol embolisms, crystalline nephropathies
and kidney stone disease and may provide novel therapeutic
options for progressive tissue remodeling in patients with
kidney stone disease (19).

The aim of the present study was to investigate changes
in the plasma levels of chemokines and inflammatory cyto-
kines in patients undergoing percutaneous nephrolithotripsy
pre- and post-treatment. The correlation between urinary
concentrations of calcium oxalate and plasma levels of chemo-
kines following percutaneous nephrolithotripsy was also
investigated. The results of the present study demonstrated the
clinical importance of chemokines and inflammatory cyto-
kines for the clinical care of patients following percutaneous
nephrolithotripsy.

Materials and methods

Ethics statement. The present study was approved by the
Ethics Committee of the First Branch of Hongqi Hospital of
Mudanjiang Medical University (Mudanjiang, China). This
clinical investigation (trial no. HMCH2010072508) was
performed in strict accordance with the Guide for Hongqi
Hospital of Mudanjiang Medical University (20) between May
2010 and October 2015. A total of 348 patients with kidney
stones were required to review trial protocols and amendments
and provide written informed consent in the Hongqi Hospital
of Mudanjiang Medical University. All patients were asked to
provide 5 ml venous blood in hospital and provided written
informed consent.

Patient characteristics. A total of 348 (male/female, 263/86)
patients with kidney stones were enrolled in the current study.
The mean age was 34.6 years old (range, 22.6-40.6). Patients
with chronic renal failure and diabetes mellitus were excluded
from the current study. All patients were required to provide
written informed consent.

ELISA. Plasma levels of chemokine C motif ligand (XCL)1
(cat no. DXCLI10; Bio-Rad Laboratories, Inc., Hercules,
CA, USA), XCL2 (cat no. CSB-EL026187HU; Cusabio Life
Science, Wuhan, China), chemokine C-X3-C motif (CX3C;
cat no. DY365) CX3C ligand 1 (CX3CLI; cat no. DCX310),
chemokine C-C motif ligand (CCL)1 (cat no. DY272),
CCL2 (cat no. DCP00), CCL3 (cat no. DMAO00), CCL4 (cat
no. DMBO00), chemokine C-X-C motif ligand (CXCL)1
(cat no. DGROOB), CXCL2 (cat no. DY276-05), CXCL3 (cat
no. RNC200), CXCL4 (cat no. DPF40), interleukin (IL)-8 (cat
no. D8000C), IL-1 (cat no. DLB50), IL-17 (cat no. D1700),
tumor necrosis factor (TNF)-a (cat no. DTA00C), IL-6
(cat no. D6050) and IL-10 (cat no. D1000B; all Bio-Rad
Laboratories Inc.) were detected prior to and following percu-
taneous nephrolithotripsy using ELISA kits (Bio-Techne,
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Minneapolis, MN, USA) according to the manufacturer's
protocol. Patients' urinary concentrations of calcium oxalate
were also assessed pre- and post-surgery using an ELISA kit
(cat no. K663-100; Beijing Solarbio Science & Technology
Co., Ltd., Beijing, China).

Regression analysis. Peripheral venous blood (5 ml) and
urine samples (5 ml) were collected 1 day prior to and 5 days
following percutaneous nephrolithotripsy. Blood samples were
treated with heparin (10 IU/ml; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany). Plasma samples were prepared immedi-
ately by centrifugation (2,000 x g,4°C for 10 min) of peripheral
venous blood. The plasma levels of XCL1, CCL2 and TNF-a,
as well as the urinary concentration of calcium oxalate were
calculated from the ELISA results using regression analysis
with least square convergence (21). The predicted curve that
resulted in the lowest sum of squares was determined to be the
best fit. If the fit is robust, the parameters of the observed curve
may be inferred from those of the predicted.

Statistical analysis. Data are presented as the mean + or
+ standard error of the mean. All data were analyzed by SPSS
19.0 software (IBM Corp., Armonk, NY, USA). Statistical
differences between groups were assessed using one-way
analysis of variance from 6 replicate experiments with the
post-hoc Dunnett's test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Plasma C chemokine levels following percutaneous nephro-
lithotripsy. Plasma levels of the C chemokines XCL1, XCL2,
CX3C and CX3CL1 were assessed in patients following
percutaneous nephrolithotripsy. Plasma levels of XCL1 and
XCL2 were significantly downregulated in patients following
percutaneous nephrolithotripsy compared with pre-operative
values (P<0.01; Fig. 1A and B). Plasma levels of CX3C (P<0.05;
Fig. 1C) and CX3CL1 (P<0.01; Fig. 1D) were also significantly
downregulated in patients following surgery compared with
pre-operative values. These changes in the plasma levels of
C chemokines may be used as postoperative diagnostic criteria
for patients after percutaneous nephrolithotripsy.

Plasma CC chemokine levels following percutaneous
nephrolithotripsy. The concentrations of CC chemokines
CCL1, CCL2, CCL3 and CCL4 in the plasma of patients
following percutaneous nephrolithotripsy were assessed. It was
demonstrated that CCL1 and CCL2 levels were significantly
downregulated following percutaneous nephrolithotripsy
compared with pre-operative values (P<0.01; Fig. 2A and B).
CCL3 (P<0.01; Fig. 2C) and CCL4 (P<0.05; Fig. 2D) expres-
sion levels were also observed to be significantly decreased
following percutaneous nephrolithotripsy compared with
pre-operative values. These results suggest that the expression
of CC chemokines in is downregulated in patients following
percutaneous nephrolithotripsy.

Plasma CXC chemokine levels following percutaneous
nephrolithotripsy. CXC chemokine expression following
percutaneous nephrolithotripsy was assessed. Plasma levels of
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Figure 1. Plasma levels of C chemokines prior to and following percutaneous nephrolithotripsy. Plasma concentrations of (A) XCL1, (B) XCL2, (C) CX3C and
(D) CX3CLI1 were assessed using ELISA. Data are presented as the mean + standard error of the mean. "P<0.05 and “P<0.01. XCL, chemokine C motif ligand;

CXC3, chemokine C-X3-C motif; CXC3L1, CX3C ligand 1.
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Figure 2. Plasma levels of CC chemokines prior to and following percutaneous nephrolithotripsy. Plasma concentrations of (A) CCLI, (B) CCL2, (C) CCL3 and
(D) CCL4 were assessed using ELISA. Data are presented as the mean + standard error of the mean. "P<0.05 and “P<0.01. CCL, chemokine C-C motif ligand.

CXCL1 and CXCL2 were significantly upregulated in patients
following percutaneous nephrolithotripsy compared with
pre-operative values (P<0.01; Fig. 3A and B). Furthermore,
CXCL3 and CXCL4 expression levels were increased
post-surgery compared with pre-operative values (P<0.05;
Fig. 3C and D).

Inflammatory cytokine levels following percutaneous
nephrolithotripsy. The plasma levels of certain inflammatory
cytokines were assessed in patients prior to and following
percutaneous nephrolithotripsy. The results indicated that
the concentrations of IL-8, IL-1, IL-17 and TNF-a were
significantly downregulated in following percutaneous

nephrolithotripsy compared with pre-operative values (P<0.01;
Fig. 4A-D). Conversely, the plasma levels of IL-6 and IL-10
were significantly upregulated in patients following percuta-
neous nephrolithotripsy compared with pre-operative values
(P<0.01; Fig. 4E and F). Collectively, these data suggest that
the expression of inflammatory cytokines in the plasma is
altered in patients following percutaneous nephrolithotripsy
and that upregulating inflammation cytokines may optimize
anti-inflammatory drug therapy.

Regression analysis for plasma levels chemokine and urinary
concentration of calcium oxalate in patients after percuta-
neous nephrolithotripsy. Regression analysis was performed
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Figure 3. Plasma levels of CXC chemokines prior to and following percutaneous nephrolithotripsy. Plasma concentrations of (A) CXCLI, (B) CXCL2,
(C) CXCL3 and (D) CXCL4 were assessed using ELISA. Data are presented as the mean + standard error of the mean. "P<0.05 and “P<0.01. CXCL, chemokine

C-X-C motif ligand.
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Figure 4. Plasma levels of inflammatory cytokines prior to and following percutaneous nephrolithotripsy. Plasma concentrations of (A) IL-8, (B) IL-1, (C) IL-17,
(D) TNF-a, (E) IL-6 and (F) IL-10 were assessed using ELISA. Data are presented as the mean = standard error of the mean. “P<0.01. IL, interleukin; TNF,

tumor necrosis factor.
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Figure 5. Regression analyses to assess the correlation between plasma cytokine levels and urinary concentrations of calcium oxalate following percutaneous
nephrolithotripsy. (A) Urinary concentration of calcium prior to and following percutaneous nephrolithotripsy as assessed using ELISA. Plasma levels of
(B) XCL1, (C) CCL2 and (D) TNF-a are positively correlated with urinary calcium oxalate following percutaneous nephrolithotripsy. “P<0.01. IL, interleukin;

TNF, tumor necrosis factor.

for plasma levels of chemokines and urinary concentrations
of calcium oxalate following percutaneous nephrolithotripsy.
ELISA results revealed that the urinary concentration of
calcium oxalate was downregulated in patients following
percutaneous nephrolithotripsy compared with pre-operative
values (P<0.01; Fig. 5A). The results demonstrated that the
C chemokine XCL1 and CC chemokine CCL2 were positively
correlated with the urinary concentration of calcium oxalate
following percutaneous nephrolithotripsy (P<0.01; Fig. 5B
and C). It was demonstrated that plasma levels of TNF-a are
positively correlated with the urinary concentration of calcium
oxalate in patients following percutaneous nephrolithotripsy
(P<0.01; Fig. 5D). Collectively, the results of regression
analyses indicate that plasma chemokine levels are positively
correlated with the urinary concentration of calcium oxalate in
patients following percutaneous nephrolithotripsy.

Discussion

Percutaneous nephrolithotripsy is a delicate and highly tech-
nical clinical procedure used to treat patients with kidney
stones (22,23). It has previously been reported that postoperative
medication is beneficial for the recovery of patients following
percutaneous nephrolithotripsy (24). The expression of
chemokines in glomeruli is correlated with nephrosis and C-C
chemokine receptor 2 is associated with inflammatory responses
in post-kidney transplant patients (25,26). Furthermore, inflam-
matory cytokines are important post-surgical prognostic
factors (27). In the present study, the clinical importance of
chemokine and inflammatory cytokines for the nursing of
patients following percutaneous nephrolithotripsy was investi-
gated. The results revealed that plasma concentrations of C and

CC chemokines were downregulated, whereas CXC chemo-
kines compared with pre-surgical values. The plasma levels of
inflammatory cytokines IL-8,1L-1,1L-17 and TNF-a were down-
regulated, whereas IL-6 and IL-10 were upregulated in patients
following percutaneous nephrolithotripsy. Regression analysis
demonstrated that the expression of C and CC chemokines was
positively correlated with the urinary concentration of calcium
oxalate following percutaneous nephrolithotripsy. These results
suggest that downregulation of chemokines and inflamma-
tory cytokines are essential for the clinical nursing of patients
following percutaneous nephrolithotripsy, which may contribute
to postoperative recovery.

A previous study has reported that metamorphic folding
of XCLI1 is required for potent antimicrobial activity (28). In
addition, Gombert ef al (29) demonstrated that interactions
between the recruitment of T cells and Langerhans-type
dendritic cells occur in atopic skin inflammation. Upregulation
of IL-6, IL-8 and CCL2 expression and the progression of
tissue injury following acute inflammation has previously
been investigated (30). The urinary concentration of calcium
is associated with kidney stones and is typically used as a
prognostic factor for patients who have undergone surgical
intervention for kidney stones (31,32).

The role of inflammation in diabetes and diabetic kidney
disease is becoming more widely accepted than meta-
bolic syndrome (33). Inflammatory responses caused by
kidney stone may lead to other urinary system infections.
It has been demonstrated that TNF-a is associated with a
number of kidney diseases and the correlation with clinical
variables has previously been reported in chronic kidney
disease (34-36). Zhang et al (37) indicated that IL-1 inhibitor
may mitigate liver and kidney dysfunction and improve
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survival in rat endotoxemia. Sirota et al (38) have demon-
strated that plasma IL-8 is a biomarker of acute kidney injury.
Vasanthakumar et al (39) suggested that IL-17 was positively
and negatively correlated with fasting and postprandial
glucose levels, respectively, and glycated hemoglobin (HbAIc)
was observed in subjects with diabetic kidney disease.
Ahuja et al (40) indicated that that circulating IL-6 mediates
inflammatory responses via CXCLI1 production following
acute kidney injury in mice. Furthermore, the role of IL-10 has
been reported in normal renal physiology, during acute kidney
injury and in the development of chronic renal failure (41). The
results demonstrated that plasma levels of IL-8, IL-1, IL-17
and TNF-a were downregulated; however, plasma concentra-
tion levels of IL-6 and IL-10 were upregulated in patients after
percutaneous nephrolithotripsy compared to pre-operation.
Clinical research also indicated the importance of inflamma-
tion for nursing research (42). Regression analysis indicates
that that plasma levels of TNF-a were positively correlated
with urinary concentration of calcium oxalate in patients
after percutaneous nephrolithotripsy. These results suggest
that monitoring changes of plasma levels of inflammatory
cytokines is clinical significant for nursing of patients after
percutaneous nephrolithotripsy.

In conclusion, this study is the first to report the clinical
importance of chemokine and inflammatory cytokines for the
nursing of patients who have undergone percutaneous neph-
rolithotripsy. The correlation between plasma concentration
levels of chemokines and inflammation cytokines and the
urinary concentration of calcium oxalate in patients was also
assessed. These results suggest that inflammatory cytokines
IL-8, IL-1, IL-17 and TNF-a and the C and CC chemokines
downstream may be used as prognostic tools for patients
following percutaneous nephrolithotripsy. The findings
also suggest that plasma IL-6, IL-10 and CXC chemokine
upregulation is positively correlated with calcium oxolate for
patients received percutaneous nephrolithotripsy. Regression
analysis demonstrated that plasma concentration levels
of C chemokine XCL1, CC chemokine CCL2 and TNF-a
were positively correlated with the urinary concentration
of calcium oxalate in patients during perioperative period
following percutaneous nephrolithotripsy. However, further
investigation using a large number population is required to
confirm these results.
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