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Nephrotic syndrome, the most common glomerular disease in pediatric population, is classified into
two groups of steroid sensitive (SSNS) and resistant (SSRS). There is growing evidence on the role

of T cells cytokines, including interleukin-13, in pathophysiology of nephrotic syndrome and steroid
response. This study was a cross-sectional study conducted at Children’s Medical Center Hospital in
order to explore the relationship between urinary IL-13 levels and responsiveness to corticosteroid
treatment. All children (1 to 15 years) referred from January 2021 to January 2022 diagnosed with
nephrotic syndrome were included. Urine samples were collected during the initial phase or relapse of
nephrotic syndrome, before the initiation of steroid or alternative treatments. Interleukin-13 levels in
the urine were measured using the ELISA method. In this study, 83 cases of nephrotic syndrome were
enrolled, of whom 30 (36.1%) were girls and 53 (63.9%) were boys. Out of the 83 cases, 63 (75.9%) were
identified as SSNS and 20 (24.1%) as SRNS. There was no significant difference between the urinary
interleukin-13 levels between SSNS and SRNS groups (P-value: 0.84). Sex (P-value: 0.598) and age (P-
value: 0.704) also had no association with interleukin-13 levels. Further studies in larger population are
recommended to better assess the potential of this biomarker to predict response to treatment. .
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Nephrotic syndrome, a chronic kidney disease and the most common glomerular disease in pediatric population,
is characterized by edema, proteinuria and hypoalbuminaemia. In children under the age of 16, the incidence is
2 to 7 per 100,000'. The most common childhood type is idiopathic type, for treatment of which corticosteroids
play a pivotal role. Based on the response to corticosteroid therapy resulting in remission of proteinuria, cases
are divided into two groups of steroid-sensitive (SSNS) or resistant (SRSN) nephrotic syndrome. Therefore, the
response to corticosteroids could be regarded as a prognostic factor. In SRNS, corticosteroids are insufficient,
necessitating further immunosuppressive agents such as calcineurin inhibitors or cyclophosphamide to achieve
disease control*>.

There are no definite laboratory markers to differentiate these two types, and the classification is based on the
steroid response. Biopsy is a method for distinguishing between these two clinical forms of the disease, which
is an invasive method. However, children with nephrotic syndrome usually do not undergo biopsies unless they
exhibit unusual features or are resistant to steroids. Recent research has focused on developing biomarkers for
early diagnosis and differentiation of these types, and also prediction of prognosis and long-term outcomes™*®.

Interleukin-13 (IL-13) is a cytokine that has been implicated in various immune responses and has recently
gained attention for its potential role in nephrotic syndrome pathogenesis. It has been shown that in those
patients who respond well to steroids, the immune system switches to Th2 response, with IL-13 overexpression
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oD CON pg/ml | Standard
1.8/1.4 200 S4
0.8/0.5 100 S3
0.4/0.2 50 S2
0.05/0.08 0 S1

Table 1. Standard curve for Kkit.

Group number | Range (g/dL)
1 0.00-0.01

0.01-0.02
0.02-0.03
0.03-0.04

0.04-0.05
0.05-0.06
0.06-0.07
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0.09-0.1
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Table 2. Frequency distribution of Interleukin-13 levels groups.

and production®™8. Elevated levels of IL-13 have also been associated with raised permeability of the glomerular
filtration barrier, suggesting a possible link to proteinuria in nephrotic syndrome’.

However, the relationship between urinary IL-13 levels and responsiveness to corticosteroid treatment in
children with nephrotic syndrome remains unclear. Given the potential of IL-13 as a non-invasive diagnostic
approach, this study aims to evaluate the potential capability of urinary IL-13 in distinguishing between steroid-
sensitive and steroid-resistant nephrotic syndrome in patients referring the Children’s Medical Center.

Method

This study was a cross-sectional study conducted from January 2021 to January 2022 at Children’s Medical
Center Hospitals. Children aged 1 to 15 years diagnosed with nephrotic syndrome and referred to the nephrology
department or clinic were included.

Participants grouping
All cases referred in the defined duration of study were enrolled (census). The inclusion criteria were a confirmed
diagnosis of nephrotic syndrome, without any evidence of inflammatory conditions or infections. Exclusion
criteria included chronic diseases like cancer, interstitial tubular nephritis evident in initial biopsy, secondary
nephrotic syndrome due to infection or drugs, and systemic vascular or metabolic disorders. Patients who
were under any immunosuppressive therapy at the time of urine sample collection, such as steroids were also
excluded, and those who were in the active phase of nephrotic syndrome. As urine IL13 level is impressed by the
acute phase of any infectious or inflammatory disorder, these cases were also excluded.

The diagnosis of nephrotic syndrome and steroid resistance or sensitivity was confirmed based on clinical
information, response to therapy, and biopsy results from the patients’ records.

Sample collection

Urine samples were collected during the initial phase or relapse of nephrotic syndrome, before the initiation of
steroid or alternative treatments. These samples were stored at -80 °C in the laboratory of the Children’s Medical
Center.

Interleukin-13 measurement
Interleukin-13 levels in the urine were measured using the ELISA method according to the manufacturer’s
instructions. Interleukin-13 levels were measured using the Karmania Pars Gene kit, which has a sensitivity of
5 picograms per milliliter and an accuracy of Inter-assay < 9% and Intra-assay < 3%. The standard value for the
kit is available in Table 1.

Interleukin-13 levels will be reported in 10 ranges, each with a size of 0.01 g, and categorized into 10 groups
as presented in Table 2.

Data collection and analysis

Data collection was done using a checklist that included laboratory results and basic demographic information
such as age and gender. The age of disease onset was also recorded. Quantitative levels of Interleukin-13 in urine
samples were measured and recorded in both groups (SSNS and SRNS).
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1 |2 |3 |4 |5|6|7|8]|9 |10 |Total
SSNS |11 | 7|21 |11 |4 |2 |4 |2 |0 |1 |63
SRNS | 5| 4| 5| 3[1|2|0(|0|0 |0 |20
Total |16 |11 |26 |14 |5 |4 |4 |2 |0 |1 |83

Table 3. The frequency of cases in 10 group classification of IL-13.

The data were then entered into statistical software for analysis. The collected data were analyzed using SPSS
Statistics version 27. Cross-tabulation and Fisher’s Exact Test were used to examine the relationship between
qualitative variables, including gender and age and steroid response groups, to determine the P-value. McNemar’s
test was used to evaluate the differences in IL-13 levels between SSNS and SRNS groups. A P-value of 0.05 was
considered statistically significant.

Ethical consideration

Informed consent was obtained from all participants. Ethical approval for this study was obtained from the
Ethics Committee of Tehran University of Medical Sciences, allowing access to and extraction of patient data
from hospital files and records (Batch Number: IR TUMS.CHMC.REC.1401.188). All methods were carried out
in accordance with relevant guidelines and regulations. All methods of project were carried out in accordance
with and the manuscript has been written aligned with STROBE checklist for observational studies.

Result
In total, 83 cases of nephrotic syndrome met the inclusion criteria and were enrolled. The number of girls and
boys was 30 (36.1%) and 53 (63.9%), respectively. The age of the patients ranged from 3 to 8 years, with a mean
age of 4.46 years (SD =1.307). Out of the 83 cases, 63 (75.9%) were classified as SSNS and 20 (24.1%) as SRNS.
The frequency of cases in 10 group classification of IL-13 is available in Table 3. There was no significant
difference between the urinary Interleukin-13 levels between SSNS and SRNS groups (P-value: 0.84).
Similarly, no significant difference in urinary Interleukin-13 levels was found in male and female (P-value:
0.598). This lack of significant difference was also observed in comparison of the levels in age>5 and <5 years
(P-value: 0.704).

Discussion

This cross-sectional study was conducted at a children’s medical center to assess urine IL-13 level in nephrotic
patients and evaluate its association with steroid response. We found that IL-13 levels were not associated
with steroid response. Moreover, there was no significant difference in the levels of this cytokine between
different sexes and age groups. The measurements were taken while ensuring that patients were not under any
immunosuppressive therapy, such as steroids, and were not in the active phase of nephrotic syndrome, as these
treatments inhibit cytokine production. As urine IL-13 level is impressed by the acute phase of any infectious or
inflammatory disorder, these cases were also excluded.

It has been argued that in nephrotic patients, an imbalance in Thl, Th2, and Treg cells leads to steroid
resistance. IL-13 is a Th2 cytokine, and its levels are notably elevated in SSNS patients who respond well to
glucocorticoid therapy. Th1-dominant cytokine profiles are often associated with glucocorticoid resistance, and
even in relapse, higher levels of Th-1 cytokines have been reported in SSNS patients. So based on literature, a
Th2-dominant profile, characterized by higher IL-13 levels, tends to predict a better therapeutic outcome that
our study could not confirm through urine measurements!'®!!.

T cells, via the production of cytokines, lead to increased glomerular permeability. However, the exact
mechanisms by which this phenomenon is occurred is poorly understood. One such hypothesized theory is by
cytokines release like IL-13. Minimal change disease, the most common type of nephrotic syndrome, is widely
known as being sensitive and rapidly responsive to steroid therapy. A study conducted by Zeybek et al. on six
patients with minimal change disease found that urine IL-13 levels in active phase of disease was significantly
higher than in remission stage!2. Lai and colleagues’ study further supported the link between IL-13 and minimal
change disease, demonstrating that IL-13 transgenic mice showed significant albuminuria, hypoalbuminemia,
and hypercholesterolemia compared to control mice'>. A study by Mishra et al. investigated 40 idiopathic
nephrotic syndrome cases and 16 controls. They observed that serum IL-13 levels were significantly higher in
the case group compared to the controls, suggesting a potential role of IL-13 in the disease pathogenesis®.

This result suggests that while elevated IL-13 levels have been associated with a Th2 response in other studies
on SSNS patients, urinary IL-13 may not reflect the underlying immune mechanisms linked to steroid response,
or that other factors may play a more critical role. Also, we can argue that the cytokine dynamics in urine might
differ from serum. Other biomarkers, or a panel of biomarkers, might provide more accuracy in predicting
steroid response.

The main limitation of this study was the retrospective collection of nephrotic syndrome diagnostic
information from patient records, which resulted in some incomplete data and the exclusion of certain patients.
Another limitation was the lack of precise information on the definitive diagnosis of all cases, both sensitive and
resistant, which would allow for better understanding and comparison of individual diagnoses using this test.
SRNS has more diverse and complex pathogenic mechanisms, often involving genetic mutations in podocyte-
related genes, independent of immune system dysregulation. In such cases, IL-13 may not play a significant role
and this could have impacted the results of this study. Future studies, with genetic assessment confirmation,
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are recommended in larger populations considering the mentioned limitations. Moreover, distinguishing
nephrotic syndrome types based on biopsy samples could offer a more detailed analysis and better diagnostic
differentiation.

Conclusion

In our study, urinary IL-13 was chosen as a diagnostic marker to distinguish steroid-sensitive from steroid-
resistant nephrotic syndrome. However, we found no significant difference in IL-13 levels between the two
groups. Therefore, IL-13 measurement alone might not differentiate between steroid-sensitive and steroid-
resistant nephrotic syndrome. Future research should consider combining IL-13 measurements with other
biomarkers or investigating IL-13 levels in different biological samples, such as serum, to improve the accuracy
of predicting steroid responsiveness in nephrotic syndrome.

Data availability

Data could be available from the corresponding author upon reasonable request.
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Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
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ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports | (2025) 15:4323 | https://doi.org/10.1038/s41598-025-86488-9 nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Urinary interleukin 13 level in steroid sensitive and resistant nephrotic syndrome: a cross-sectional single center study
	﻿Method
	﻿Participants grouping
	﻿Sample collection
	﻿Interleukin-13 measurement
	﻿Data collection and analysis
	﻿Ethical consideration

	﻿Result
	﻿Discussion
	﻿Conclusion
	﻿References


