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Abstract  

Background:. This study aimed to evaluate urinary CD80 and serum SuPAR in patients with 

primary nephrotic syndrome as a non-invasive diagnostic biomarker to predict steroid 

responsiveness in those patients. 

Methods: This prospective cohort study was carried out on total 60 children and adolescents 

with idiopathic nephrotic syndrome (INS) at initial presentation and 30 healthy matched 

controls. Urinary CD80 and serum SuPAR were measured for all subjects. Patients were 

divided on follow up into two groups: group A: patients proved to be steroid sensitive 

nephrotic syndrome (n=30), group B: patients proved to be steroid resistant nephrotic 

syndrome or proved by biopsy to be focal segmental glomerulosclerosis (n=30). 

Results: Urinary CD80 levels were significantly higher in group A than group B and C (P 

<0.001). SuPAR was significantly higher in group B than group A and C (P <0.001). Both 

urinary CD80 and serum SuPAR were positively correlated to 24h urinary protein, protein/ 

creatinine ratio and serum cholesterol (P = 0.001, 0.003, <0.001, <0.001 and <0.001 

respectively). Also both urinary CD80 and SuPAR were negatively correlated to albumin (P 

<0.001 and <0.001 respectively). By ROC curve, urinary CD80 can predict steroid sensitivity 

with 80% sensitivity, 96.67% specificity and accuracy 95% and serum SuPAR can predict 

steroid resistance with 76.67% sensitivity, 88.33% specificity and accuracy 86%. 

Conclusions: Urinary CD80 and serum SuPAR can be useful in predicting renal pathology or 

steroid responsiveness in patients with idiopathic nephrotic syndrome especially if renal 

biopsy is contraindicated.  
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Nephrotic syndrome is the most common glomerular disease encountered during childhood 

[1]
. It is characterized by heavy proteinuria (proteinuria exceeding 40mg/m

2
/h or spot urinary 

protein creatinine ratio exceeding 2mg/mg), hypoalbuminemia (<2.5g/dl), edema and 

hyperlipidemia (serum cholesterol >200 mg/dl) 
[2, 3]

. Idiopathic nephrotic syndrome is defined 

as the association of nephrotic syndrome with nonspecific glomerular abnormalities, 

including minimal change disease (MCD), focal segmental glomerulosclerosis (FSGS) and 

mesangial proliferative glomerulonephritis 
[4]

. 

Renal biopsy is the only available method of diagnosis of the underlying pathology of 

nephrotic syndrome, especially in SRNS, but it is invasive and has many complications and 

therapeutic response predicts long-term outcomes better than histology in the pediatric 

population 
[5]

. 

Finding a urinary or blood marker that can predict renal pathology or steroid responsiveness 

will be of great value in determining disease prognosis without the need for renal biopsy. 

Several serum and urinary biomarkers were studied to achieve this goal 
[6]

. 

Cluster of differentiation 80 (CD80) also called B7.1, is a trans-membrane protein normally 

expressed on the surface of B cells and other antigen presenting cells (APCs) 
[5]

. On APCs, 

B7-1 acts as a costimulatory molecule through binding to its cognate receptors CD28. It also 

inhibits T cells activation by binding to CTLA-4 
[7]

. CD80 expression on podocytes cause 

actin reorganization and proteinuria 
[8]

. CD80 expression in podocytes or its urinary 

concentration was studied as a marker of minimal change disease in  previous researches 
[9]

 

[10]
 
[11]

 
[12]

 
[13]

 
[14]

.  

Serum soluble urokinase-type plasminogen activator receptor (SuPAR) is a 

glycosylphosphatidylinositol (GPI)-anchored protein on the cell membrane secreted during 

infections and inflammation 
[15]

. SuPAR is expressed in various cell types such as 

machrophages, monocytes, endothelial cells, neutrophil, certain cancer cells and kidney 

podocytes 
[16]

.  

Few studies were performed on marker that can predict steroid response or renal pathology 

specially in children, in addition the difference in genetic background in different ethnic 

groups that can affects clinical presentation of nephrotic syndrome and response to therapy 

may affect also the reliability of these markers in different populations
[6]

.  

The aim of this study was to evaluate urinary CD80 and serum SuPAR in patients with 

primary nephrotic syndrome and use them as non-invasive diagnostic biomarkers to 

differentiate the different clinical phenotypes of primary nephrotic syndrome. 
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Patients and Methods: 

This prospective cohort study was carried out on total 60 children and adolescents with INS 

and 30 healthy matched controls. The study was performed after approval from the Ethical 

Committee, Faculty of Medicine, Tanta University, Egypt and obtaining written informed 

consent from children guardians. 

Patients with congenital nephrotic syndrome and secondary causes of nephrotic syndrome 

were excluded from this study  

The diagnosis of INS was based on the presence of nephrotic range proteinuria >40mg/m
2
/h 

or urinary protein/creatinine ratio > 2 g/g, hypoalbuminemia <2.5g/dl, generalized edema and 

hypercholesterolemia >200mg/dl
[2, 3]

. All children with INS received the standard steroid 

therapy and were classified into two categories on follow up, SSNS and SRNS, on the basis 

of their clinical responses toward steroids. The SSNS group (group A=30) included patients 

who respond (negative urine dipstick to protein for 3 consecutive days) to steroid therapy (60 

mg/m
2
/d) within 4 weeks of starting therapy. The SRNS group (group B =30) included 

patients who showed persistence of proteinuria despite of full dose steroid daily therapy for 6 

weeks or proved by biopsy to be FSGS.  

All the subjects included in the study were subjected to detailed history, clinical examination 

with particular emphasis on general examination, anthropometric data and blood pressure 

were measured. 

 Regarding laboratory investigations: samples were collected before starting treatment then 

routine investigations were performed as complete blood picture, ESR, CRP and serum 

albumin. Specific investigations were performed as urinary CD80 and serum SuPAR by 

ELISA kits (Shanghai SunRed biological technology company, China); results of urinary 

CD80 were adjusted for urinary creatinine excretion. 

Statistical analysis  

Statistical analysis was performed using the Statistical Package for the Social Sciences 

version 25 (IBM Inc., Chicago, IL, USA). Shapiro-Wilks normality test and histograms were 

used to test the distribution of quantitative variables. Parametric variables were expressed as 

mean and standard deviation (SD) and were compared using ANOVA (F) test among the 

three groups with post hoc (Tuckey) test to compare each two groups. Non- parametric 

variables were expressed as median and interquartile range (IQR) and were analyzed using 

Kruskal-Wallis test; further analysis was performed by Mann–Whitney (U) test to compare 

each two groups. Categorical variables were expressed as frequency and percentage and were 

statistically analyzed by Chi-square test. Correlation coefficient (r) was performed. 
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Evaluation of diagnostic performance was performed by ROC curve. P value ≤ 0.05 was 

considered statistically significant. 

Results:  

Weight and BMI Z-score were significantly higher in patient groups (A and B) than controls 

(P <0.001). (Table 1) 

Table 1: Demographic data of the studied groups 

 

Group A 

(n = 30) 

Group B 

(n = 30) 

Group C 

(n = 30) 
P value 

Age (years) 6 8.5 7.5 0.831 

Sex 
Male 19(63.3%) 20(66.7%) 17(56.7%) 

0.718 
Female 11(36.7%) 10(36.3%) 13(43.3%) 

Weight Z-score 2.49 ± 0.77 2.41 ± 0.78 1.03 ± 1.47 <0.001* 

P1 0.780 

P2 <0.001* 

P3 <0.001* 

Height Z-score 0.85 ± 1.24 1.04 ± 1.41 1.15 ± 1.48 0.702 

BMI Z-score 2.17 ± 0.77 2.14 ± 0.83 0.74 ± 1.47 <0.001* 

P1 0.923 

P2 <0.001* 

P3 <0.001* 

SBP (percentile) 64.70 ± 27.80 69.83 ± 23.20 66.57 ± 20.19 0.703 

DBP (percentile) 74.67 ± 20.50 72.03 ± 18.32 64.47 ± 15.09 0.083 

Data are presented as mean ± SD, median or frequency (%)*: Statistically significant as p ≤ 0.05, P1: P value 

between group A and group B, P2: P value between group A than group C, P3: P value between group B and 

group C, BMI: body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure. 

Serum creatinine and blood urea levels were mildly elevated in Group B compared to group 

A and C. (Table 2) 

Table 2: Routine laboratory investigations and estimated glomerular filtration rate 

(eGFR) of the studied groups 

 

Group A 

(n = 30) 

Group B 

(n = 30) 

Group C 

(n = 30) 
P value 

Hb (g/dL) 11.72 ± 1.43 11.11 ± 1.94 11.86 ± 0.78 0.110 

Platelet count (*10
3
/mm

3
) 411.20 ± 112.64 436.70 ± 126.72 267.83 ± 63.22 <0.001* 

P1 0.347 

P2 <0.001* 

P3 <0.001* 

TLC (cell/mm
3
) 9663.33 ± 4743.45 10003.33-4341.10 6606.80±1879.87 0.001* 

P1 0.734 

P2 0.003* 
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P3 0.001* 

ESR 1st hour (mm) 75.83 ± 15.09 78.17 ± 17.79 8.80 ± 4.37 <0.001 

  

  

  

ESR 2nd hour (mm) 113.67 ± 18.61 118.50 ± 20.43 21.17 ± 5.78 <0.001* 

P1 0.293 

P2 <0.001* 

P3 <0.001* 

CRP (mg/l) 9 10 1.5 <0.001* 

P1 0.991 

P2 <0.001* 

P3 <0.001* 

Creatinine (mg/dL)\ 0.54 ± 0.19 0.90 ± 0.33 0.56 ± 0.11 <0.001* 

P1 <0.001* 

P2 0.688 

P3 <0.001* 

Urea (mg/dL) 37 64.5 23 <0.001* 

P1 0.007* 

P2 0.001* 

P3 <0.001* 

Albumin (g/dL) 1.69± 0.28 1.55 ± 0.22 4.78 ± 0.55 <0.001* 

P1 0.154 

P2 <0.001* 

P3 <0.001* 

eGFR (mg/l) 136.42 ± 48.16 98.09 ± 32.61 113.50 ± 10.48 <0.001* 

P1 <0.001* 

P2 0.029* 

P3 0.193 

Data are presented as mean ± SD or median *: Statistically significant as p ≤ 0.05, P1: P value between group A 

and group B, P2: P value between group A than group C, P3: P value between group B and group C, BMI: body 

mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure. 

Serum cholesterol and urinary protein/creatinine ratio were higher in group B compared to 

group A and C while triglyceride levels and 24-hour urinary protein levels were higher in 

group A and B compared to group C. (Table 3) 

Urinary CD80 levels were significantly higher in Group A compared to group B and C and 

higher in group B compared to group C. Serum SuPAR levels were significantly higher in 

group B compared to group C and A and higher in group A compared to group C. (Table 3) 

Table 3: Lipid profile, urinary investigations and Biomarkers of the studied groups 

 

Group A 

(n = 30) 

Group B 

(n = 30) 

Group C 

(n = 30) 
P value 

Cholesterol (mg/dL) 465.10 ± 117.38 537.10 ± 147.60 132.87 ± 18.64 <0.001* 

P1 0.013* 

P2 <0.001* 

P3 <0.001* 
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Triglycerides (mg/dL) 272.23 ± 132.5 294.53 ± 101.2 97.87 ± 20.38 <0.001* 

P1 0.376 

P2 <0.001* 

P3 <0.001* 

24 urinary proteins 

(mg/day) 
6050 7988 67 <0.001* 

P1 0.109 

P2 <0.001* 

P3 <0.001* 

Protein/creatinine 

ratio (mg/mg) 
5.7 8.2 0.105 <0.001* 

P1 0.018* 

P2 <0.001* 

P3 <0.001* 

Urinary CD80 (ng/gm 

creatinine) 
643.685 71.57 1.57 <0.001* 

P1 <0.001* 

P2 <0.001* 

P3 <0.001* 

SuPAR (pg/mL) 194.845 348.835 58.36 <0.001* 

P1 <0.001* 

P2 <0.001* 

P3 <0.001* 

Data are presented as mean ± SD or median *: Statistically significant as p ≤ 0.05, P1: P value between group A 

and group B, P2: P value between group A than group C, P3: P value between group B and group C. KW: 

Kruskal-Wallis, F: ANOVA. Data are represented by mean± SD or median 

Renal biopsies were performed in 30% of group A and the pathology of all were MCNS and 

performed in all cases of group B and FSGS was the most prevalent pathology in 76.67%. 

(Table 4) 

Table 4: Renal biopsy in the studied patients 

 
Group A 

(n = 30) 

Group B 

(n = 30) 
P value 

Not performed 21 (70%) 0 (0%) 

<0.001* 

MCNS 9 (30%) 5 (16.67%) 

FSGS 0 (0%) 23 (76.67%) 

Focal global,  

segmental glomerulosclerosis 
0 (0%) 1 (3.33%) 

Diffuse mesangial  

proliferative GN 
0 (0%) 1 (3.33%) 

Data are presented as frequency (%) *: Statistically significant as p ≤ 0.05; MCNS: Minimal Change Nephrotic Syndrome; 

FSGS: Focal segmental glomerulosclerosis 

 Both urinary CD80 and serum SuPAR showed positive correlation with age,24h urinary 

protein, protein/ creatinine ratio and cholesterol (P = 0.584, 0.001, 0.003, <0.001 and 0. 

0.712, <0.001, <0.001, <0.001respectively). Both urinary CD80 and serum SuPAR showed 

no significant correlation with sex, CRP and eGFR (P = 0.997, 0.128, 0.008 and 0.784, 0.089, 
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0.102 respectively).  Both urinary CD80 and serum SuPAR showed negative correlation with 

serum albumin (P <0.001and<0.001). (Error! Reference source not found.) 

Table 5: Correlation between each of urinary CD80 and SuPAR with some laboratory 

findings 

 Urinary CD80 

(ng/gm creatinine) 

SuPAR 

(pg/mL) 

Age R 0.058 -0.039 

P value 0.584 0.712 

Sex R 0.003 -0.029 

P value 0.997 0.784 

24h urinary protein 

(mg/day) 

R 0.337 -0.535 

P value 0.001* <0.001* 

Protein/ creatinine ratio R 0.312 0.399 

P value 0.003* <0.001* 

Albumin 

(g/dL) 

R -0.608 -0.666 

P value <0.001* <0.001* 

Cholesterol 

(mg/dL) 

R 0.537 0.698 

P value <0.001* <0.001* 

CRP (mg/l) R 0.162 0.180 

P value 0.128 0.089 

eGFR (mg/l) R 0.279 -0.0173 

P value 0.008* 0.102 

*: Statistically significant as p ≤ 0.05. r: coefficient of correlation, CRP: C reactive protein, eGFR: estimated glomerular 

filtration rate 

Urinary CD80 can predict steroid sensitivity significantly with 80% sensitivity, 96.67% 

specificity, 92.3% PPV, 90.6% NPV, 0.958 AUC and P value <0.001. (Error! Reference 

source not found.A)  

SuPAR can predict steroid resistance significantly with 76.67% sensitivity, 88.33% 

specificity, 76.7% PPV, 88.3% NPV, 0.860 AUC and P value <0.001. (Error! Reference 

source not found.B) 
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(A)   (B) 

Figure 1: ROC curves of (A) urinary CD80 to predict steroid sensitivity and(B) SuPAR 

to predict steroid resistance 

Discussion 

Finding a biomarker that can predict steroid responsiveness in children with INS are of great 

importance. This study demonstrated high urinary CD80 in children with steroid 

responsiveness and high serum SuPAR in children with steroid resistance NS. Recent studies 

have found that the podocyte cells can acquire the phenotype, the function of dendritic cells 

and can express CD80 
[17]

. This expression in podocytes leads to actin cytoskeleton 

reorganization and alter the glomerular filtration barrier permeability causing proteinuria 
[18]

. 

The soluble part of CD80 (s-CD80) can be sheded in urine 
[18]

. CD80 was observed primarily 

expressed on the surface of podocytes, based on the observation, since FSGS caused severe 

damage to the podocyte. Thus, the expression of CD80 was declined, which leads to presence 

of CD80 in urine 
[19]

. As most of MCD are SSNS and most of FSGS are SRNS so the same 

results can be applied 
[20]

. 

Several experimental models have shown the role of podocyte CD80 in proteinuria 

development. The injection of lipopolysaccharide (LPS) to mice results in proteinuria and 

podocyte CD80 expression, but proteinuria fails to develop if LPS is injected into CD80 

knockout mice 
[10]

. 

Our results are consistent with Garin et al; who reported using of urinary CD80 as a 

biomarker for differentiation between the relapse phase of MCD and other renal diseases. In 

their studies, it was speculated that CD80 is derived from podocytes because (1) in the 

recurrent and remission phase of MCD the blood CD80 is normal, and therefore the urine 

CD80 does not come from the APCs in the blood; (2) immunofluorescence assay verified that 

CD80 was expressed by podocytes; (3) the molecular weight of CD80 is 53 kDa, which is the 
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same as that of CD80 on the membrane, rather than the soluble CD80 which is of 23 kDa 

[11,12]
 

Also Zeybek et al, Chen et al and Ahmed et al ; reported that there were raised urinary CD80 

in patients with MCD 
[21,22,23]

.  

Also our results in agreement with Ling et al, Cara-Fuentes et al and Guerrico et al; 

concluded that urinary CD80 levels were significantly higher in patients with MCD than in 

patients with FSGS or in healthy controls
[14,16,17]

. Also the follow up study of Ling et al; 

demonstrated that patients with high uCD80 excretion during the acute stage are more 

sensitive to steroid treatment, more easily enter remission and experience renal function 

decline less frequently compared with patients with relatively lower uCD80 excretion
[24]

.  

Also in agreement with our results, Mishra et al and Liao et al; found that the level of urinary 

CD80 in patients with SSNS was high and could be used as a useful marker to differentiate 

patients of SSNS in relapse from those with SRNS 
[25,26]

. Also Mishra et al, found that there 

was significant positive correlation between urinary CD80 with the urinary protein/creatinine 

ratio and serum cholesterol and negative correlation with serum albumin
[25]

. 

In contrast to our results, Garin et al, Zeybek et al, Chen et al and Ahmed et al didn’t find 

correlation between urinary CD80 and proteinuria
[11,12,21,22,23]

. 

 In contrast to our results, Minamikawa et al; found that urinary CD80 is not a reliable marker 

for MCD in relapse, but The number of patients with FSGS or inherited NS included in this 

study was only 4 patients (small number) 
[27]

. 

Serum SuPAR, was suggested as a permeability factor in few studies related to SRNS and 

FSGS. It can bind to podocyte a5b3 integrin, causing podocyte activation and changes in its 

structure and function, resulting in proteinuria 
[28]

. Based on the higher the serum SuPAR 

concentration, the more severe the podocyte injury, so high SuPAR level might be associated 

with steroid resistance 
[29]

. 

The absence of correlation between CRP and serum SuPAR in our results indicate that 

inflammation is not the cause of elevated level of SuPAR and SuPAR may work as a 

permeability factor rather than an inflammatory marker. High CRP was due to infection in 

these patients that was the predisposing factor for nephrotic syndrome. Also there was no 

correlation with eGFR and this support that the decrease of eGFR wasn’t the cause of 

increase level of SuPAR due to decrese in its execretion.  

Our results regarding SuPAR were in agreement with Wei et al, Huang et al, Li et al and 

Segarra et al; who found that the levels of serum SuPAR were higher in patients with FSGS 

than patients with MCD, different glomerulopathies and normal controls
[30,31,32,33]
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 Peng et al and Mousa et al; found that serum SuPAR levels were higher in SRNS group than 

SSNS group and control group
[15,29]

. 

In contrast to our results, Maas et al, Bock et al, Sinha et al and Wada et al; found that serum 

SuPAR concentration is not a specific marker for idiopathic FSGS and it can’t predict 

response to steroid treatment
[34,35,36,37]

. It is not clear whether the low SuPAR levels in these 

FSGS patients is due to genetic mutations, where the defect is at the level of other podocyte 

genes and not associated with a circulating factor, or to SuPAR with different biochemical 

properties that are not readily detected by commercial ELISA tests. It is also possible that 

pathologically processed SuPAR is podocyte pathogenic, even though the total measured 

SuPAR levels are low or normal in these FSGS patients. 

 In agreement with our results, Mousa et al and Mass et al; found significant positive 

correlations between serum SuPAR and proteinuria and negative correlation with serum 

albumin
[15,34]

. 

In contrast to our study Wei et al, Maas et al and Segarra et al; found negative correlation 

between serum SuPAR and eGFR but Huang et al, found no significant correlation between 

serum SuPAR and eGFR
[30,,32,34]

. Also in contrast to our results, Segarra et al and Sinha et al; 

found that there were no significant correlations between  serum SuPAR levels and 

proteinuria
[32,235]

. Mousa et al and Sinha et al found a significant positive correlation between 

serum SuPAR and CRP suggesting that inflammation-induced synthesis might contribute to 

elevated levels of SuPAR
[15,35]

. 

Study limitations: Urinary CD80 and serum SuPAR levels were measured once before 

starting treatment however follow up serial measurements during relapse and remission may 

give more dynamic results and explore more clinical values. Being single center study may 

affect results generalization and reproducibility.  

   

Conclusions: Urinary CD80 and serum SuPAR can be useful in predicting renal pathology or 

steroid responsiveness in patients with idiopathic nephrotic syndrome specially if renal 

biopsy is contraindicated 

 

COMPETING INTERESTS DISCLAIMER: 

 

Authors have declared that no competing interests exist. The products used for this research 

are commonly and predominantly use products in our area of research and country. There is 



  

- 11 - 

absolutely no conflict of interest between the authors and producers of the products because 

we do not intend to use these products as an avenue for any litigation but for the advancement 

of knowledge. Also, the research was not funded by the producing company rather it was 

funded by personal efforts of the authors. 

References
1. Mohanapriya CD, Vettriselvi V, Nammalwar BR, Gowrishankar K, Ekambaram S, 

Sengutavan P, et al. Novel variations in NPHS1 gene in children of South Indian population 

and its association with primary nephrotic syndrome. Journal of cellular biochemistry. 

2018;119:10143-50. 

2. Sinha A, Bagga A. Nephrotic syndrome. The Indian Journal of Pediatrics. 2012;79:1045-

55. 

3. Shah A, Dixon A. Nephrotic syndrome. Essentials of Pediatric Emergency Medicine. 

2018:311. 

4. Ranganathan S. Pathology of podocytopathies causing nephrotic syndrome in children. 

Frontiers in pediatrics. 2016;4:32. 

5. Bennett MR, Pleasant L, Haffner C, Ma Q, Haffey WD, Ying J, et al. A novel biomarker 

panel to identify steroid resistance in childhood idiopathic nephrotic syndrome. Biomarker 

insights. 2017;12:1177271917695832. 

6. McMahon GM, Waikar SS. Biomarkers in nephrology. American journal of kidney 

diseases: the official journal of the National Kidney Foundation. 2013;62:165. 

7. Vasilevko V, Ghochikyan A, Holterman MJ, Agadjanyan MG. CD80 (B7-1) and CD86 

(B7-2) are functionally equivalent in the initiation and maintenance of CD4+ T-cell 

proliferation after activation with suboptimal doses of PHA. DNA and cell biology. 

2002;21:137-49. 

8. Salant DJ. Podocyte expression of B7-1/CD80: is it a reliable biomarker for the treatment 

of proteinuric kidney diseases with abatacept? : Am Soc Nephrol; 2016. p. 963-5. 

9. Shalhoub R. Pathogenesis of lipoid nephrosis: a disorder of T-cell function. The Lancet. 

1974;304:556-60. 

10. Reiser J, Von Gersdorff G, Loos M, Oh J, Asanuma K, Giardino L, et al. Induction of B7-

1 in podocytes is associated with nephrotic syndrome. The Journal of clinical investigation. 

2004;113:1390-7. 

11. Garin EH, Diaz LN, Mu W, Wasserfall C, Araya C, Segal M, et al. Urinary CD80 

excretion increases in idiopathic minimal-change disease. Journal of the American Society of 

Nephrology. 2009;20:260-6. 

12. Garin EH, Mu W, Arthur JM, Rivard CJ, Araya CE, Shimada M, et al. Urinary CD80 is 

elevated in minimal change disease but not in focal segmental glomerulosclerosis. Kidney 

international. 2010;78:296-302. 

13. Cara-Fuentes G, Wasserfall CH, Wang H, Johnson RJ, Garin EH. Minimal change 

disease: a dysregulation of the podocyte CD80–CTLA-4 axis? Pediatric Nephrology. 

2014;29:2333-40. 

14. Ling C, Liu X, Shen Y, Chen Z, Fan J, Jiang Y, et al. Urinary CD80 levels as a diagnostic 

biomarker of minimal change disease. Pediatric Nephrology. 2015;30:309-16. 

15. Mousa SO, Saleh SM, Aly HM, Amin MH. Evaluation of serum soluble urokinase 

plasminogen activator receptor as a marker for steroid-responsiveness in children with 

primary nephrotic syndrome. Saudi Journal of Kidney Diseases and Transplantation. 

2018;29:290. 



 

12 

16. Cara-Fuentes G, Wei C, Segarra A, Ishimoto T, Rivard C, Johnson RJ, et al. CD80 and 

suPAR in patients with minimal change disease and focal segmental glomerulosclerosis: 

diagnostic and pathogenic significance. Pediatric Nephrology. 2014;29:1363-71. 

17. Guerrico AMG, Lieske J, Klee G, Kumar S, Lopez-Baez V, Wright AM, et al. Urinary 

CD80 discriminates among glomerular disease types and reflects disease activity. Kidney 

international reports. 2020;5:2021-31. 

18. Uwaezuoke SN. The role of novel biomarkers in childhood idiopathic nephrotic 

syndrome: a narrative review of published evidence. International journal of nephrology and 

renovascular disease. 2017;10:123. 

19. Teh YM, Lim SK, Jusoh N, Osman K, Mualif SA. CD80 Insights as Therapeutic Target 

in the Current and Future Treatment Options of Frequent-Relapse Minimal Change Disease. 

BioMed Research International. 2021;2021. 

20. van Husen M, Kemper MJ. New therapies in steroid-sensitive and steroid-resistant 

idiopathic nephrotic syndrome. Pediatric nephrology. 2011;26:881-92. 

21. Zeybek C, Hacıhamdioğlu DÖ, Yavuz ST, Pekel A, Akgün C, Bulum B, et al. The roles 

of urine interleukin-13, CD80, CD28, matrix metalloproteinase-2 and granzyme B in the 

pathogenesis of childhood minimal change nephrotic syndrome. Journal of Clinical & 

Experimental Investigations. 2014;5. 

22. Chen P, Chen Y, Jiang M, et al. Usefulness of the cytokines expression of Th1/Th2/Th17 

and urinary CD80 excretion in adult-onset minimal change disease. PeerJ, 2020, 8: e9854.‏ 

23. Ahmed H.M, Ezzat D.A, Doudar N.A, et al. Urinary CD80 as a replacement for renal 

biopsy for diagnosis of pediatric minimal change disease. Iranian journal of kidney diseases, 

 ‏.107 :12.2 ,2018

24. Ling C, Liu X, Shen Y, Chen Z, Fan J, Jiang Y, et al. Urinary CD80 excretion is a 

predictor of good outcome in children with primary nephrotic syndrome. Pediatric 

Nephrology. 2018;33:1183-7. 

25. Mishra OP, Kumar R, Narayan G, Srivastava P, Abhinay A, Prasad R, et al. Toll-like 

receptor 3 (TLR-3), TLR-4 and CD80 expression in peripheral blood mononuclear cells and 

urinary CD80 levels in children with idiopathic nephrotic syndrome. Pediatric Nephrology. 

2017;32:1355-61. 

26. Liao J, Wu X.C, Cheng Q, et al. Predictability of urinary CD80 in the relapse of primary 

nephrotic syndrome. BioMed research international, 2017, 2017.‏ 

27. Minamikawa S, Nozu K, Maeta S, et al. The utility of urinary CD80 as a diagnostic 

marker in patients with renal diseases. Scientific reports, 2018, 8.1: 1-6.‏ 

28. Davin J-C. The glomerular permeability factors in idiopathic nephrotic syndrome. 

Pediatric nephrology. 2016;31:207-15. 

29. Peng Z, Mao J, Chen X, Cai F, Gu W, Fu H, et al. Serum suPAR levels help differentiate 

steroid resistance from steroid-sensitive nephrotic syndrome in children. Pediatric 

nephrology. 2015;30:301-7. 

30. Wei C, El Hindi S, Li J, Fornoni A, Goes N, Sageshima J, et al. Circulating urokinase 

receptor as a cause of focal segmental glomerulosclerosis. Nature medicine. 2011;17:952-60. 

31. Huang J, Liu G, Zhang Y-M, Cui Z, Wang F, Liu X-J, et al. Plasma soluble urokinase 

receptor levels are increased but do not distinguish primary from secondary focal segmental 

glomerulosclerosis. Kidney international. 2013;84:366-72. 

32. Segarra A, Jatem E, Quiles MT, Arbós MA, Ostos E, Ostos H, et al. Diagnostic value of 

soluble urokinase-type plasminogen activator receptor serum levels in adults with idiopathic 

nephrotic syndrome. Nefrología (English Edition). 2014;34:46-52. 

33. Li F, Zheng C, Zhong Y, et al. Relationship between serum soluble urokinase 

plasminogen activator receptor level and steroid responsiveness in FSGS. Clinical Journal of 

the American Society of Nephrology, 2014, 9.11: 1903-1911.‏  



 

13 

34. Maas RJ, Wetzels JF, Deegens JK. Serum-soluble urokinase receptor concentration in 

primary FSGS. Kidney international. 2012;81:1043-4. 

35. Sinha A, Bajpai J, Saini S, Bhatia D, Gupta A, Puraswani M, et al. Serum-soluble 

urokinase receptor levels do not distinguish focal segmental glomerulosclerosis from other 

causes of nephrotic syndrome in children. Kidney International. 2014;85:649-58. 

36. Bock M.E, Price H.E, Gallon L, et al. Serum soluble urokinase-type plasminogen 

activator receptor levels and idiopathic FSGS in children: a single-center report. Clinical 

Journal of the American Society of Nephrology, 2013, 8.8: 1304-1311.‏ 

37. Wada T, Nangaku M, Maruyama S, Imai E, Shoji K, Kato S, et al. A multicenter cross-

sectional study of circulating soluble urokinase receptor in Japanese patients with glomerular 

disease. Kidney International. 2014;85:641-8. 

 


