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ABSTRACT 

Objective: The study aimed to explore the correlation between urine interleukin (IL)-8, 6, 10, 17 

levels and the efficacy of steroid in patients with idiopathic nephrotic syndrome (INS). 

Methods: Forty-two INS patients were divided into steroid-sensitive (SS, n = 15) and steroid-resistant 

(SR, n = 27) groups. One-year follow-up study was performed, in which urine and serum IL-8, 6, 10, 

17 levels were detected after initial treatment, remission and relapse. 

Results: Steroid-resistant patients showed higher urine and serum IL-8 level than SS patients after 

initial treatment, which declined during remission and enhanced after relapse; there were no 

differences in IL-6, 10, 17 levels between the two groups. Urine IL-6, 10, 17 levels in patients with 

podocytopathy were higher than that of patients with other pathological types, and SR patients with 

podocytopathy had higher urine IL-8 level than those in SS group. Logister regression analysis 

showed that there was only IL-8 levels that was related to the effects of hormone therapy. The area 

under the curve of ROC for prediction of steroid efficacy with urine and serum IL-8 level were 0.871 

(95% CI 0.63-0.921) and 0.633 (95% CI 0.431-0.805), respectively. 

Conclusion: Urine IL-8 level can serve as an indicator for steroid efficacy in INS patients. 

Keywords: Idiopathic nephrotic syndrome, interleukin, steroid resistance, urine 

From: 1Graduate School of Dalian Medical University, Dalian, China.2Division of Nephrology, the 

First Hospital of Dalian Medical University, Dalian 116011, China. 

 

Correspondence: Dr H Lin, Division of Nephrology, The First Hospital of Dalian Medical University 

No. 222 Zhongshan Road Xigang District, Dalian 116011, China. Fax: +86 411 836355956, e-mail 

honglilincn@163.com.    

 

mailto:honglilincn@163.com


Urine IL-8 as Biomarker of Steroid Sensitivity 

 

2 
 

INTRODUCTION 

Glucocorticoid, the first choice drug for idiopathic nephrotic syndrome (INS) (1), exhibits 

individual variation in drug response; approximate 30~50% adult INS patients are 

steroid-resistant (SR) (2). Usually, combination immunosuppressant therapy is required for 

SR patients, 60~80% of whom can achieve remission but others are observed with persistent 

proteinuria which eventually leads to end-stage renal disease (3). So far, steroid is applied 

according to clinical experience and no biomarker has been discovered to predict and 

evaluate steroid efficacy due to its complex SR mechanism. 

  Research has shown that interleukin (IL) is involved in INS pathogenesis by 

increasing the permeability of glomerular basement membrane (GBM), glomerular cell 

proliferation and sclerosis (4). Some IL, such as IL-6 and 8, initiate nephritis and promote 

disease progression, while others, including IL-4 and 10, are important for self defense, 

inflammatory resolution and tissue repair in kidney. Recently, Liu et al and Massumoto et al 

have reported that IL-17 may be associated with INS pathogenesis (5,6). Therefore, we 

performed a prospective study on INS to explore the changes in urine IL levels, aiming to 

discover the noninvasive indicators for predicting and dynamically monitoring steroid 

efficacy to serve in steroid therapy for INS. 

 

MATERIALS AND METHODS 

Subject 

Forty-two INS patients treated in Department of Nephrology in the First Hospital of Dalian 

Medical University between Mar. 2011 and Dec. 2012 were selected. Inclusion criteria: 1) 18 
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to 70 years old; 2) without steroid or immunosuppresant after first INS attack; 3) effectively 

controlled hypertension (≤130/80 mmHg) or no hypertension; 4) ARB or ACEI drugs were 

administrated for more than eight weeks; 5) serum creatinine ≤200 umol/L; 6) renal biopsy 

was performed routinely. Exclusion criteria: 1) secondary nephrotic syndromes such as lupus 

nephritis, Henoch-Schönlein purpura nephritis, diabetic nephropathy, cancer-associated 

nephropathies; 2) BMI ≤18 or ≥25; 3) 0.3~3 g of 24-hour urine protein (24-HUP) after 

eight-week steroid treatment. Meanwhile, serum samples from 20 healthy people were used 

as control, whose ages, genders and race were corresponding to the patients. This study was 

conducted in accordance with the declaration of Helsinki. This study was conducted with 

approval from the Ethics Committee of the First Hospital of Dalian Medical University. 

Written informed consent was obtained from all participants. (ChiCTR-ONC-12002809; 

Chictr.org) 

Research methods 

All the subjects received glucocorticoid therapy, i.e. patients <60 years old: 500 mg/d 

methylprednisolone was intravenously injected for three days, continued with 40 mg/d oral 

prednisone (or the same oral dose of methylprednisolone tablets); patients ≥60 years old: 250 

mg/day methylprednisolone was intravenously injected for three days, continued with 30 

mg/d oral prednisone (or the same oral dose of methylprednisolone tablets). Eight weeks after 

sequential steroid therapy, the prednisone dose was tapered using 2.5-mg decrements every 2 

weeks until it reached 10 mg/d, and this dose was maintained for 8 weeks until drug 

withdrawal. The patients with 24-HUP ≤0.3 g and serum albumin ≥35 g/L was defined as 

steroid-sensitive (SS, n=15) group; patients whose 24-HUP was not improved or the 
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reduction was less than 50% compared with baseline and serum albumin <35 g/L was defined 

as SR group (n=27), in which tacrolimus was also initially applied at a dose of 0.05 mg/Kg.d, 

blood drug concentration maintained at 4~7 ng/mL; treatment was performed for half year in 

patients with complete remission (CR) and one year in patients with partial remission (PR). 

General conditions and the following indicators of the patients were recorded: serum albumin, 

creatinine, cholesterol and 24-HUP were performed by the facilities’ usual laboratory. 

Measurement of urinary N-acetyl-β-(D)-glucosaminidase/creatinine (NAG/Cre), 

microalbuminuria/creatinine (MA/Cre), urine beta-2 microglobulin/creatinine (β2MG/Cre) 

and urine alpha-1 microglobulin/urinary creatinine (α1MG/Cre) were performed using the 

scattering immunonephelometry. 

  All the patients were followed up for one year; their morning urine and serum 

samples were collected during initial treatment, remission (CR and PR) and relapse. The 

samples were centrifuged at 2000 g for 10 min. The supernatant was preserved in -70 °C and 

the IL-6, 8, 10, 17 levels were evaluated using ELISA (kits were bought from R&D System, 

Minneapolis, MN, USA). CR is defined as the urine protein ≤0.3 g/24h and the serum 

albumin ≥35 g/L during three consecutive measurements. PR is defined as the reduction of 

urine protein ≥50% and the serum albumin ≥35 g/L during three consecutive measurements. 

Among patients at remission, one would be defined with relapse if his/her urine protein 

increase ≥30% and could not be reduced in two weeks, excluding fatigue or inflammation, etc. 

Podocytopathy, including minimal change disease (MCD), membranous nephropathy (MN), 

focal segmental glomerulosclerosis (FSGS), is defined as previously described, namely the 

main features of glomerular disease exhibited that the number of glomerular podocytes 
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reduced, the basal membrane thickened, the glomerular matrix components changed and the 

foot process fused (7). 

Statistical analysis 

Data was analyzed with SPSS18.0. Normally distributed measurement data was presented as 

Mean±SEM; comparison between two groups utilized t-test; comparison among multiple 

groups used one-way analysis of variance (ANOVA). Skewed distributed measurement data 

was presented as median and quartiles; comparison between two groups employed 

Mann-Whitney U test; comparison among multiple groups used Kruskal-Wallis H test. 

Enumeration data was presented as constituent ratio or percentage, and data comparison 

utilized χ2 test. Unconditional logistic regression modeling was performed to determine the 

correlation between cytokines levels and steroid effacy. Meanwhile, the curves of receiver 

operating characteristic (ROC) were plotted to calculate the sensitivity, specificity and area 

under the curve (AUC). P<0.05 was considered significantly different.  

 

 

RESULTS 

Participation result 

After eight-week steroid therapy, 25 patients with 0.3~3 g of 24-HUP were excluded from 80 

participants, and the remaining patients were divided into SS (n=25) and SR (n=30) groups. 

Pulmonary infection (n=4 vs n=1), urinary tract infection (n=3 vs n=2) and loss to follow-up 

(n=3 vs n=0) were observed in SS and SR groups. Finally, 15 SS patients including three 

cases of relapse, and 27 SR patients including 20 cases of remission in one year, among 
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which seven patients had recurrence, were followed up in our study (Fig. 1). 

Clinical and pathological data 

There were no statistical differences in gender, age, albumin, creatinine, cholesterol, 24-HUP 

and MA/Cre between SS and SR groups, but SR group showed higher urine α1MG/Cre, 

NAG/Cre and β2MG/Cre levels than SS group. Among routine pathological types, the 

proportion of MN increased and the proportion of MCD decreased in SR group compared 

with that of SS group; no significant differences in proportion of other pathological types 

were observed between two groups, as well as podocytopathy (MCD, MN and FSGS, Table 

1). 

Initial urine levels of IL-6, 8, 10, 17 in healthy controls, SS and SR patients 

There were no statistical differences in initial urine levels of IL-6, 10, 17 among healthy 

controls, SS and SR patients, while urine IL-8 level was highest in SR group and higher in SS 

group than that of control group (Table 2). 

Urine and serum levels of IL-6, 8, 10, 17 in INS patients 

Urine and serum IL-8 level in INS patients significantly declined during remission compared 

with that after initial treatment and markedly enhanced after relapse; there were no 

differences in IL-6, 10, 17 levels among three stages in INS patients (Table 3). 

Correlation analysis 

Logister regression analysis showed that the urine and serum IL-8 levels were related with 

the hormone-sensitivity, while the other three kinds of cytokines had no association with the 

hormone therapy either in the urine or serum (Table 4). Urine IL-6, 8, 17 levels in patients 

with podocytopathy were higher than that of patients with other pathological types, but there 
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was no statistical difference in urine IL-10 level (Fig. 2). SR patients with podocytopathy had 

higher urine IL-6, 8, 17 levels than others in SR group, no statistical difference in urine IL-10 

level was observed. There were no differences in IL-6, 8, 10, 17 levels between SS patients 

with podocytopathy and other SS patients. Patients with podocytopathy in SR group had 

higher urine IL-6, 8, 17 levels than those in SS group, especially for IL-8 level (Table 5).  

Prediction of steroid efficacy 

The AUC of ROC for prediction of steroid efficacy with urine IL-8 level was shown in Table 

6; the optimal cutoff value that maximized (sensitivity+specificity) was 123.88 pg/ml. Urine 

IL-8 levels in SS and SR groups were (65.86±15.08) pg/ml and (79.28±31.61) pg/ml, 

respectively; the optimal cutoff value was 57.71 pg/ml. 

 

 

DISCUSSION 

Steroid-resistance is always a challenge in INS treatment. Clinically, several indicators, such 

as renal pathology, urinary protein, and renal function, are used to preliminarily assess renal 

lesion degree and its prognosis. Nowadays, no effective biomarker or the corresponding 

preventive treatment for steroid resistance has been found yet. Urine sample is used in our 

research to search more sensitive and specific biological indicator for early prediction of INS 

and monitoring steroid therapy response, because it is noninvasive, easy for large-scale 

repeated sampling and preserving, strongly practical in clinical trial, especially in 

dynamically monitoring disease process and evaluating the effect.  

  Our research indicated that the steroid efficacy was independent of gender, age and 
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serum levels of albumin, creatinine and urine protein, but some urine protein indicators that 

were frequently used facilitated the evaluation of steroid efficacy in INS patients (8,9). We 

found that α1MG/Cre, β2MG/Cre and NAG/Cre levels in SR group were significantly higher 

than that of SS group. However, since these three indicators mainly reflected the degree of 

tubulointerstitial lesion, the value of predicting steroid sensitivity still requires further 

investigation. 

  IL-8, mainly from lipopolysaccharide activated monocytes, antigen or 

phytohaemagglutinin activated T cells and resident kidney cells, serves as an important 

mediator of inflammatory diseases, causes accumulation and activation of inflammatory cells 

in kidney and aggravates renal pathological lesion (10). Moreover, by affecting the 

metabolism of sulfide in glomerular basement membrane, IL-8 alters its anionic charge 

barrier and induces proteinuria (11). Some research has demonstrated that IL-8 is positively 

correlated with urine protein level, and urine IL-8 level increases by 2.9 times once relapse is 

observed in INS patients at remission (12). Meanwhile, the IL-8 mRNA expression level in 

peripheral blood mononuclear cells increases significantly, indicating IL-8 might be 

important in INS pathogenesis (13). Our research showed that urine IL-8 level was 

significantly higher in INS patients than that of healthy controls, and in SR patients than that 

of SS patients. Urine and serum IL-8 level significantly declined after remission, and 

enhanced after relapsed, suggesting the correlation between urine and serum IL-8 level and 

steroid efficacy, which was also proved by logistic regression; urine and serum levels of the 

other three cytokines were independent of steroid efficacy and INS progression, thus unable 

to serve as indicators for steroid efficacy in the treatment for INS. We also evaluated serum 
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IL-8 level for the prediction of steroid efficacy, and the AUC of urine IL-8 was significantly 

larger than that of serum IL-8, with more specificity, indicating urine IL-8 level more 

accurately predicted the steroid efficacy in INS patients than serum IL-8 level.  

  At present, steroid efficacy in INS patients is mainly assessed according to 

conventional renal pathological type. However, no evidence confirms their correlation (14). 

Among INS patients, 5~15% of MCD, 50% of FSGC, 95% of MN and 50% of MPGN are 

characterized by steroid-resistance (15). Our research indicated that MCD (60%) and MN 

(59%) were predominant in SS group and SR group, respectively. In addition, 10% (1/10) of 

MCD was SR patient and 11.1% (2/18) of MN was SS patient, which could not be explained 

with the discrepancy in routine pathological types. Podocyte injury is the main cause of 

proteinuria in INS patients (16). Podocytopathy, first proposed by Pollak, includes MCD, 

FSGC and MN, which are observed with obvious anomalies in podocyte morphology and 

function (7,17). Our previous study has revealed that the degree of podocyte injury facilitates 

the evaluation of steroid efficacy in INS patients, i.e. patients with severe podocyte injury are 

poorly sensitive to steroid (18). We discovered that urine IL-6, 8 levels in patients with 

podocytopathy significantly elevated compared with that of patients with other pathological 

type. Moreover, podocyte can secret IL-6, 8 (19), thus the increase in urine IL-6,8 levels is 

considered to be related to podocyte injury. Further investigation showed that SR patients 

with podocytopathy had higher urine IL-6, 8 levels than SS patients, which also suggested 

that the proinflammatory effect of IL-6, 8 may be involved in SR pathogenesis in patients 

with podocytopathy. 

  IL-17, produced by Th17 cells, participates in inflammatory response by binding 
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membrane IL-17 receptors on endothelial and epithelial cells (20). Our research displayed 

that urine IL-17 level was similar in SR and SS groups, but higher in patients with 

podocytopathy than that of patients with other pathological type and also higher in SR 

patients with podocytopathy compared with that of SS patients with podocytopathy. Further 

investigation is required by expanding sample size to clarify the relationship between IL-17, 

podocyte injury and steroid-sensitivity. 

  Due to limited sample size, we only explored the relationship between urinary 

cytokine level and steroid efficacy in patients with podocytopathy, without further analysis of 

specific pathological type. In addition, long-term follow-up is required in further study, which 

will focus on the application of IL-8 combined with conventional small-molecule protein as a 

noninvasive biomarker in predicting steroid sensitivity in INS patients.  
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Table 1 Clinical and pathological data of SS and SR patients 

 SS (n=15) SR (n=27) P for Trend 

Gender (M/F) 9/6 11/16 0.963 

Age (years) 45.3±19.8 48.0±14.2 0.597 

Albumin (g/L) 22.5±4.2 24.1±2.4 0.13 

Creatinine (μmol/L) 62.0 (60.0-68.0) 63.0 (57.0-78.5) 0.973 

Cholesterol (mg/dl) 303.8±78.3 344.2±103.9 0.282 

24-HUP (g) 7.8±3.1 7.3±2.6 0.608 

α1MG/Cre (mg/g) 25.9 (20.8-27.8) 43.5 (24.1-62.6) 0.029 

MA/Cre (mg/g) 

3130.0 

(3070.0-4870.0) 

2975.0 

(2334.3-3700.0) 

0.073 

NAG/Cre (U/g) 24.7 (20.1-29.2) 37.6 (33.8-40.6) 0.003 

β2MG/Cre (mg/g) 1.0 (0.9-1.2) 1.4 (1.1-1.5) 0.002 

Pathological types    

MCD 9 (60%) 1 (4%) 0.034 

MN 2 (13%) 16 (59%) 0.004 

FSGS 1 (7%) 2 (7.5%) 0.472 

IgAN 1 (7%) 2 (7.5%) 0.521 

MPGN 2 (13%) 6 (22%) 0.075 

Data presented as mean±standard deviation was analyzed with t test; data presented as 

median, quartile or percentage was analyzed with Mann-Whitney U test. 

MCD, minimal change disease; MN, membranous nephropathy; FSGS, focal segmental 

glomerulosclerosis; IgAN, immunoglobulin A nephropathy; MPGN, mesangial proliferative 

glomerulonephritis. 
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Table 2: Initial urine levels of IL-6, 8, 10, 17 in healthy controls, SS and SR patients (pg/ml) 

Index 

Control group 

(n=20) 

SS group (n=15) SR group (n=27) P value 

IL-6 

82.06 

(73.27-82.78) 

79.33 

(75.49-86.69) 

84.21 

(78.16-94.15) 

0.091 

IL-8 78.32±11.54 104.48±20.49 135.12±27.96 <0.01 

IL-10 53.79±6.72 55.52±13.39 58.42±10.43 0.471 

IL-17 7.77±0.59 8.11±1.58 8.93±1.35 0.061 

Data presented as mean±standard deviation was analyzed with one-way ANOVA; data presented as 

quartile or percentage was analyzed with Kruskal-Wallis H test. 

 

 

Table 3 Urine and serum levels of IL-6, 8, 10, 17 after initial treatment, remission and relapse 

(pg/ml) 

 

Index Initial Remission Relapse P value 

IL-6 
Urine 80.5±9.45 75.15±11.06 79.64±14.68 0.56 

Serum 88.37±40.19 85.53±36.29 80.35±36.89 0.62 

IL-8 
Urine 115.61±27.29 74.57±27.07 126.05±27.56 < 0.01 

Serum 154.93±65.15 89.07±65.96 100.77±63.28 < 0.01 

IL-10 
Urine 57.34±11.68 49.19±10.33 55.93±16.11 0.337 

Serum 64.38±22.73 51.84±23.41 57.66±34.66 0.12 

IL-17 
Urine 8.65±1.63 9.30±1.24 10.18±1.05 0.13 

Serum 35.87±16.25 29.79±16.97 34.75±16.41 0.21 

Data presented as mean±standard deviation was analyzed with one-way ANOVA. 

 

 

 

 



Urine IL-8 as Biomarker of Steroid Sensitivity 

 

16 
 

Table 4: The correlation between urine and serum initial levels of IL-6, 8, 10, 17 and steroid 

efficacy 

 

Index Odd ratio 95% CI P value 

IL-8 

Urine 1.03 1.01-1.05 0.02 

Serum 1.02 1.01-1.04 0.02 

IL-10 

Urine 1.01 0.99-1.02 0.09 

Serum 0.97 0.94-1.00 0.07 

IL-6 

Urine 1.01 0.96-1.06 0.69 

Serum 0.97 0.96-0.99 0.06 

IL-17 

Urine 0.99 0.97-1.02 0.63 

Serum 1.01 0.97-1.05 0.53 

95% CI: 95% Confidence interval 
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Table 5 Comparison of urine IL-6, 8, 10, 17 levels at baseline in patients with podocytopathy 

between SS and SR groups (pg/ml) 

 

Index SS SR 
P 

value Podocytopathy 

(n=12) 

Other pathological 

types (n=3) 

Podocytopathy 

(n=19) 

Other pathological 

types (n=8) 

IL-6 79.94±7.83 78.40±1.98 89.50±13.80 79.08±7.02 0.023 

IL-8 105.03±22.97 109.12±11.20 144.66±26.65 114.85±19.12 <0.001 

IL-10 56.90±14.32 53.30±4.89 56.94±10.72 61.59±9.67 0.993 

IL-17 8.46±1.58 6.97±0.51 9.49±1.19 7.74±0.81 0.035 

One-way ANOVA was used for statistical analysis. P represented the comparison in patients 

with podocytopathy between SS and SR groups. 

 

 

 

 

Table 6 Comparison of the AUC of ROC for prediction of steroid efficacy with urine and 

serum IL-8 level  

 

 Sensitivity Specificity AUC 95% CI Standard error 

Urine IL-8 72.0% 86.7% 0.871 0.663-0.921 0.066 

Serum IL-8 85.7% 57.1% 0.633 0.431-0.805 0.106 

95% CI: 95% confidence interval 
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Fig. 1: Flow chart of INS patient participation. 

 

 

Fig. 2: Comparison of urine IL-6, 8, 10, 17 levels at baseline between patients with 

podocytopathy and patients with other pathological types. 


