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ABSTRACT

Pro-inflammatory cytokines have been suggested in the pathogenesis of idiopathic
nephrotic syndrome (INS), with conflicting results. This study was performed to identify
alteration of different serum interleukins (ILs) in children with INS, and their predictive
value in response to steroid treatment.

Three groups of children (27; steroid-sensitive INS, 21; steroid-resistant INS, and 19
healthy controls) with normal serum C3, negative serologic tests of hepatitis B virus (HBV),
hepatitis C virus (HCV), human immune deficiency virus (HIV), and parasitic infections
were included in this study. Serum concentrations of IL-18, IL.-2, IL.-6, IL.-8, IL.-13, and 1L-
18 were measured, using quantitative colorimetric sandwich ELISA kits. Children with
secondary nephrotic syndrome, inflaimmations, systemic disorders, and chronic kidney
disease were excluded.

The serum concentration of all ILs; except I1L-13 and IL.-18; was significantly higher in
children with INS, compared with the healthy controls. Serum IL-2 had the highest
sensitivity of (95.24%) in patients with INS. All of the serum ILs had acceptable accuracy in
children with INS, compared with the control group. The serum concentration of IL-18,
IL-6, and IL.-8 was significantly higher in children with steroid-sensitive nephrotic syndrome
(SSNS), compared with steroid-resistant nephrotic syndrome (SRNS). All of these ILs had
acceptable accuracy for the prediction of steroid response in patients with INS.

Our findings suggested the pathogenic role of pro-inflammatory cytokines in children
with INS, of which IL-18, IL-6, and IL-8 were accurate biomarkers for the prediction of
steroid response in these patients.
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Idiopathic nephrotic syndrome (INS) is one of the
most common glomerular disorders in children,
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characterized by heavy proteinuria, hypoalbuminemia,
and edema. The primary pathogenic feature of nephrotic
syndrome (NS) is the loss of glomerular filtration
selectivity, which occurs secondary to glomerular
structural damage of podocyte, basement membrane, and
endothelial ~surface area.* Medical response to
corticosteroid treatment has a great prognostic value in
these patients.'

The pathogenesis of INS has not been completely
understood. It has been suggested a primary immune-
mediated disorder, characterized by an imbalance
between Thl and Th2 cells along with an increased
Th2 cytokine level.® Increased cytokine production by
abnormal T cells is the leading cause of glomerular
damage and eventual proteinuria in these patients.* In
addition, massive proteinuria might induce a pro-
inflammatory response with cytokine induction and
inflammatory cell infiltration.” Favorable clinical
response to immunomodulating drugs such as steroids
and cyclosporine A supports the involvement of
immune cytokines in the pathogenesis of INS.°

Since the mid-1990s, alteration of several cytokines
has been suggested as the primary immunopathogenic
mechanism of INS.* However, conflicting results have
been reported about the predominant type 1 or type 2
cytokine pattern in these patients.” According to the
controversial cytokine expression, this study was
performed to identify alteration of different interleukins
(ILs) concentration in children with primary INS, and
their predictive value in response to steroid treatment.

MATERIALS AND METHODS

Patient Selection

A total of 48 patients with INS and 19 age-matched
healthy controls were enrolled in a prospective
multicentric case-control study during 2018-2019. The
study was approved by the local medical ethics
committee (ethical code; IRAJUMS.REC.1398.537,
License code; CRD-9801), and informed consent
obtained from children’s legal guardians.

NS was defined as urine protein excretion>50
mg/kg/24 h or Pro/Cr>2 in the first-morning urine
sample, associated with hypoalbuminemia (serum
albumin<2.5 g/dL) and edema.

Children with the first episode or relapse of NS with
normal serum C3 level, and negative serologic tests of
hepatitis B virus (HBV), hepatitis C virus (HCV),
human immune deficiency virus (HIV), and parasitic
infections were included in this study. Patients with
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infectious or inflammatory disorders, congenital
abnormalities of the kidney and wurinary tract
(CAKUT), family history of NS, chronic kidney
disease, and immunosuppression during the last 2
weeks were excluded.

Steroid-resistant nephrotic syndrome (SRNS) was
defined as>2+ of urine dipstick protein after 8 weeks of
oral steroid treatment. Steroid-sensitive nephrotic
syndrome (SSNS) was defined as O-trace urine albumin
excretion in 3 consecutive days, with the resolution of
edema and serum albumin>2.5 g/dL after steroid
treatment.'

Five mL peripheral blood was collected at the time
of active disorder (initial episode, relapse) without
immunosuppressive treatment during the past 2 weeks.
The serum was isolated and kept at -80°C.

Cytokine Assay

Concentrations of IL-1B, IL-2, IL-6, IL-8, IL-13,
and IL-18 were measured, wusing quantitative
colorimetric sandwich ELISA kits (R&D China Co.
Ltd., Shanghai), and expressed as pg/mL.

Statistical Analysis

Analysis of data was performed by SPSS 24.0 for
Windows and MedCalc version 15.4.

Demographic and laboratory values with normal
distribution are expressed as mean+SD. Serum ILs with
non-normal distribution are presented as median
(Q1,Q3). Normality was determined by Kolmogorov
Smirnov statistical test. Categorical variables were
compared using the chi-square test. In addition, the
comparison of continuous variables with normal or
non-normal distribution was performed by Student’s
t-test and Mann—Whitney U test. A receiver operating
curve (ROC) analysis was used to identify the
sensitivity and specificity of different ILs in children
with INS, and those ILs for prediction of steroid
response in these patients. The highest values of
sensitivity and specificity were used to determine the
optimal IL cut-off value of each serum IL.
p value<0.05 was considered as significant.

RESULTS

Demographics

The serum concentration of different ILs was
measured in 48 patients (case) with INS and compared
with 19 healthy children (control). The mean age of all
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patients with INS (53.89+32.76 months) and controls
(58.10£29.93 months) had no significant difference
(»=0.947). The majority of patients were males
(M/F=1.82), and females outnumbered males in the
control group (F/M=2.8). About 27 (56.25%) children
with INS were resistant to corticosteroids, and 21
(43.75%) responded to steroid treatment. The mean age
had no significant difference between the two groups of
INS (p=0.284). Males outnumbered females in both
groups, with no significant difference (p=0.732).
Patients with SRNS had a significantly higher
incidence of hypertension (p=0.003), increased ESR
(»=0.034), and serum creatinine (p<0.001), compared
with  SSNS. The demographic and
characteristics of both groups of patients with INS are
shown in Table 1.

clinical

Cytokines Measurement
Median serum levels of IL-1 8, IL-2, IL-6, and 1L-8
were significantly higher in children with INS,

compared with the normal control group. In contrast,
mean serum levels of IL-13 and IL-18 were
significantly higher in the control group, compared
with INS (Table 2, Figure 1). The best cutoff values
with the highest sensitivity and specificity of each IL
are shown in Table 3, Figure 2. Accordingly, IL-2 had
the highest sensitivity, followed by IL-1B, IL-8, and
IL-6. In addition, serum IL-8 concentration with
equally IL-13 and IL-18 had the highest specificity.
Based on the area under the curve (AUC), all serum
ILs had acceptable accuracy in children with INS.
Serum concentrations of IL-1B, IL-6, and IL-8 were
significantly lower in children with SRNS, compared
with SSNS (Table 4, Figure 3). Serum IL-8 and IL-2
had the highest sensitivity and specificity for the
prediction of steroid response, respectively. In addition,
all of these ILs were accurate biomarkers for the
suggestion of steroid response in INS (Table 5,
Figure 4).

Table 1. Demographic and clinical characteristics of patients with INS

Variables (mean+SD) SSNS (n=21) SRNS (n=27) D
Age (month) 56.55 +31.47 50.47 +34.83 0.284
Gender (M/F) (N;%) 18 (66.7%)/9 (33.3%) 13 (61.9%)/8 (38.1%) 0.732
Hematuria (N;%) 7 (25.9%) 6 (28.6%) 0.838
Hypertension (N;%) 0 (0%) 6 (28.6%) 0.003
ESR (mm/h) 64.07 +£31.82 68.76 +28.90 0.034
Sodium (meq/L) 139.44 +4.29 136.76 + 4.07 0.800
Potassium (meq/L) 4.16£0.58 4.24+0.79 0.800
Calcium (mg/dL) 8.13+0.72 8.06 £ 0.62 0.578
BUN (mg/dL) 17.33 £9.24 27.00 £ 10.92 0.201
Creatinine (mg/dL) 0.52+0.33 0.67+0.29 <0.001
Albumin (g/dL) 1.92+0.49 2.19+0.71 0.576
Cholesterole (mg/dL) 370.31 = 89.00 367.17+117.09 0.313
Triglycerides(mg/dL) 307.09 £ 102.56 378.00 + 144.01 0.310

Idiopathic nephrotic syndrome (INS); Steroid-sensitive nephrotic syndrome (SSNS); Steroid-resistant nephrotic syndrome

(SRNS)

Table 2. Comparison of serum interleukins in nephrotic syndrome and control group using Nonparametric

Mann—Whitney U test

IL (pg/mL) Case (n=48) Control (n=19) )/
Median (Q1,Q3) Median (Q1,Q3)
IL-1P 888(697.65,1137.50) 470 (470,470) 0.001
IL-2 165.64 (111.47,237.62) 24.30 (24.30,220.88) 0.009
IL-6 37.50 (14.48,47.60) 11.78 (6.40,26.67) < 0.001
IL-8 53.10 (42.10,97.70) 10.41 (8.22,21.34) < 0.001
IL-13 7 (1.20,24.20) 53.40(23.80,1059.40) < 0.001
IL-18 5(4.1,7.00) 8.90 (5.90,44.00) < 0.001
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Figure 1. Comparison of serum interleukins in nephrotic syndrome and control group (*p<0.05, **p<0.01,
*%%p<0.001)

Table 3. Sensitivity, specificity, and accuracy of serum interleukins in patients with idiopathic nephrotic
syndrome (INS)

IL (pg/mL) Cut Point Sensitivity Specificity AUC 95% (CI) SE P
IL-1B >470 88.64 78.95 0.755 0.630 - 0.854 0.077 <0.001
IL-2 >24.30 95.24 68.42 0.708 0.578 - 0.817 0.091 <0.023
IL-6 >11.93 86.05 57.89 0.714 0.585-0.821 0.080 0.008
IL-8 >30.87 87.23 94.74 0.890 0.789- 0.954 0.051 <0.001
IL-13 <13.8 70.21 89.47 0.834 0.722-0.914 0.057 <0.001
IL-18 <5.6 68.09 89.47 0.832 0.720 -0. 913 0.053 <0.001

AUC: area under the curve, CI: confidence interval, SE: standard error

Table 4. Comparison of serum interleukins in 2 groups of patients with idiopathic nephrotic syndrome (INS);
using Nonparametric Mann—Whitney U test

IL (pg/mL) SSNS (n=48) SRNS (n=19) p
Median (Q1,Q3) Median (Q1,Q3)
IL-1P 1074.05(865.12,1259. 07) 684.20 (467.40,930.55) < 0.001
IL-2 177.45 (118.55,246.78) 154.60 (72.47,226.17) 0.314
IL-6 40.80 (28.20,53.30) 21.45 (13.07,40.05) 0.042
IL-8 68.60 (46.82,138.15) 50.00(34.56,66.28) 0.034
IL-13 7.50 (2.67,22.47) 5.50(0,26.45) 0.520
IL-18 5.00(4.22,7.30) 4.90 (4.05,7.20) 0.769
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Figure 2. Receiver operating characteristic (ROC) analysis demonstrating an overall accuracy of different
interleukins in patients with idiopathic nephrotic syndrome (INS)
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Figure 3. Comparison of serum interleukins in 2 groups of patients with idiopathic nephrotic syndrome (INS)
(*p <0.05, ***p<0.001)
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Figure 4. Receiver operating characteristic (ROC) analysis demonstrating an overall accuracy of different
interleukins in 2 groups of patients with idiopathic nephrotic syndrome (INS)

Table 5. Sensitivity, specificity, and accuracy of serum interleukins in 2 groups of patients with idiopathic

nephrotic syndrome (INS)

IL Cut Sensitivity Specificity AUC 95% (CI) SE )4
(pg/mL) Point
IL-1B <751.4 65 78. 50 0.819 0.674-0.918 0.068 <0.001
IL-2 <110.80 35 86.36 0.591 0.429 - 0.740 .090 0.315
IL-6 <25.40 60 78.30 0.682 0.522-0.819 0.085 0.032
IL-8 <71.7 85.7 50 0.681 0.529-0.810 0.078 0.021
IL-13 <0.4 33.30 92.31 0.555 0.403 -0.700 0.089 0.537
IL-18 <4.5 42.86 73.08 0.523 0.372 0. 671 0.088 0.795

AUC: area under the curve, CI: confidence interval, SE: standard error

DISCUSSION

The pathogenesis of INS has not been completely
identified. However, activation and imbalance of both
Thl and Th2 cells along with the expression of
different cytokines have been postulated for increased
glomerular permeability in these patients.® Thl cells are
involved in cellular immune reaction and production of
inflammatory IL-2 cytokine, while Th2 cells are
responsible for IL-4 and IL-13 cytokine release.” This
study was performed to identify the alteration of serum
ILs and their predictive value of steroid response in
children with INS.

The serum IL-8 was significantly higher in our
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children with INS compared with the control group,
with acceptable sensitivity, specificity, and accuracy.
IL-8 is a chemotactic chemokine, secreted by
monocytes, lymphocytes, macrophage, and non-
immune cells including podocytes, endothelial,
mesangial, and proximal or distal renal tubular cells. It
is the mediator of inflammatory reactions by attracting
and activating neutrophils and lymphocytes during an
inflammatory process.”” IL-8 induces proteinuria by
alteration of glomerular basement membrane sulfide
metabolism, through increasing catabolism and
decreasing negative charge of glomerular heparan
sulfate.

Similar to our study, a significant increase of
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plasma IL-8 concentration has been reported during the
active phase of minimal change disease (MCD),
compared with the remission phase and healthy
individuals, which could predict steroid sensitivity in
these patients.”® Serum IL-8 was significantly higher in
children with SSNS in our study, with high sensitivity
and acceptable accuracy for the prediction of steroid
response in these patients. Similar to our results, serum
IL-8 was a relatively accurate predictor of steroid
sensitivity in the Xie et al study, which decreased
during the remission phase in these patients.®

IL-18 is a member of the IL-1 cytokine family,
which stimulates both type-1 and type-2 immune
reactions. Correlation of serum IL-18 with IL-4 and IL-
13 is an indicator of predominant type-2 cytokine
pattern in children with active SSNS.?

Increased serum and urine IL-18 concentration has
been reported during the active phase of both SSNS
and SRNS, in accordance with the disease activity.*’
IL-18 was a specific and accurate biomarker in
children with INS in our study, which was significantly
decreased during the active phase of NS, compared
with the healthy control group.

Jiang et al reported increased serum IL-18 in both
SSNS and SRNS, with no significant change after
treatment of SRNS, but decreased in patients with
SSNS.” Serum IL-18 had no significant difference
between the 2 groups of patients with NS in our study.

IL-2 is an immunoregulatory cytokine, which is
produced by type-1 cellular immunity. It has an
important role in both cellular and humoral immune
responses. The pathogenic role of regulatory T cells in
INS has been supported by a protective effect of direct
T regulatory infusion or stimulation by IL-2."°

Serum IL-2 increased in the active phase of NS in
our study, with high sensitivity and acceptable
accuracy. However, it was not a significant predictor of
steroid response in our patient population. In addition,
serum IL-2 mRNA was higher in the acute phase of
INS, compared with the remission phase as stated in
Shimoyama et al study, which suggested upregulation
of serum IL-2 in the pathogenesis of INS.®

IL-13 has been suggested as an important cytokine
in the pathogenesis of MCD. Overexpression of IL-13
leads to decreased glomerular nephrin, podocin, and
dystroglycan contents, in addition to increased
glomerular podocyte B7-1 (CD-80) expression with
eventual glomerular injury and minimal change
nephropathy. "’
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IL-13 was significantly higher during the active
phase of SRNS and SSNS in the previous studies, with
a positive correlation with urine protein excretion, and
decreased  during  the  remission  phase.'"'?
Concentration of IL-13 was higher in patients with
frequent relapse than the first episode of NS in the
Mishra et al study.'?> However, serum IL-13 was lower
in our patients with NS, compared with the healthy
control group, with high specificity and acceptable
accuracy. In addition, it was not a significant predictor
of steroid response in our study.

Dysregulation of both IL-1 and IL-6 has been
suggested in the pathogenesis of proteinuria in MCD.’
The highest concentration of IL-6 and IL-1B has been
reported during the first presentation and relapse of
MCD and non-MCD, compared with the remission and
healthy control in some reports.”” We also showed a
significantly higher level of serum IL-1p and IL-6 in
our patients, with high sensitivity, and acceptable
accuracy. In addition, serum IL-1B and IL-6 were
significantly higher in SSNS, with acceptable accuracy
for the prediction of steroid response in these patients.

Despite these implications, some studies showed no
documented change or decrease of serum ILs in
patients with INS." Similarly, serum IL-13 and IL-18
decreased significantly during the active phase of INS
in our study, which suggested further multicentric
studies of serum and urine cytokine alteration in these
patients, to identify the potential value of these
biomarkers for diagnosis and prediction of response to
steroid or other immunosuppressive drugs, and provide
the best specific treatment with the least medical
complication in these patients.

In conclusion, we found a significant alteration of
proinflammatory cytokines in children with INS, which
suggested predominant pathogenic T cell dysfunction
in these patients. In addition, serum IL-1p, IL-6, and
IL-8 were significant and accurate predictive
biomarkers of steroid response in patients with INS.
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