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ABSTRACT

Objectives: This study aims to assess the urinary soluble alpha chain of the interleukin-2 receptor (sCD25) concentrations in patients with juvenile 
systemic lupus erythematosus (JSLE) and to evaluate its validity to be a possible marker of disease activity in patients with lupus nephritis (LN).
Patients and methods: We assessed sCD25 concentrations in urine samples obtained from 53 JSLE patients (15 males, 38 females; median age 
11 years; range, 7 to 17 years) and 30 age- and sex-matched apparently healthy controls (10 males, 20 females; median age 10 years; range, 6 to 
16 years). Concentrations were normalized according to urinary creatinine excretion. JSLE patients were subjected to clinical examination and 
assessment of overall disease activity by Systemic Lupus Erythematous Disease Activity Index (SLEDAI), while evaluation of LN activity was preformed 
using Systemic Lupus International Collaborating Clinics (SLICC) renal activity score.
Results: The JSLE patients had significantly higher normalized urinary sCD25 concentrations compared to the healthy controls (p=0.001). Patients 
with active LN had significantly higher normalized urinary sCD25 levels than active JSLE patients without LN (p=0.002) and JSLE patients with 
inactive disease (p<0.001). A significant positive correlation was found between normalized urinary sCD25 concentrations with different activity 
parameters such as proteinuria (p=0.004), SLEDAI (p<0.001), renal SLEDAI (p<0.001), and SLICC renal activity score (p<0.001). A significant negative 
correlation was found between urinary sCD25 and complement 3 (p<0.001).
Conclusion: Urinary concentrations of sCD25 were significantly elevated in JSLE patients, particularly in those with active LN. The remarkable 
association between urinary sCD25 concentrations and different renal disease activity parameters implies that urinary sCD25 can be a beneficial 
marker to monitor active nephritis in JSLE patients.
Keywords: Juvenile systemic lupus erythematosus, lupus nephritis, nephritis activity, urinary alpha chain of the interleukin-2 receptor.

Systemic lupus erythematosus (SLE) is a 
multisystemic, chronic inflammatory, autoimmune 
disease resulting from genetic predisposition, 
autoimmunity, and triggered by environmental 
factors.1,2 Lupus nephritis (LN) is a severe impact 
of SLE that predisposes to higher morbidity and 
mortality rates.3

Juvenile SLE (JSLE) has a worse outcome 
than its adult equivalent.4 The higher incidence 

of nephritis and neurological involvement usually 
leads to a tragic end.5-7 Early diagnosis and proper 
management diminish organ damage, renal failure, 
and improves age expectancy.8 Renal biopsy 
is the most specific modality for LN diagnosis, 
activity and chronicity assessment, and treatment 
feedbacks. Being an invasive procedure, it is not 
an easily acceptable method for many patients, 
which urges the research to find new predictable 
biomarkers.9,10 The conventional biomarkers 
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used for LN [proteinuria, anti-double stranded 
deoxyribonucleic acid antibodies (anti-dsDNA), 
complement (C) 3 and C4 levels] cannot imitate 
the real-time renal pathological changes.11,12 
Biologic, genetic, and chemical characteristic 
biomarkers are currently studied to detect LN and 
its flare.13-15

Recently, biomarkers related to T cells have 
been focused in research due to the dominant 
role of T cells in LN pathogenesis. They trigger 
nephritogenic autoantibodies production by 
B cells, modulate the function of helper and 
effector T cells, and regulate B cell responses.16

The alpha chain of the interleukin-2 receptor 
(CD25) is located in the surface of T cells. 
Its soluble form (sCD25) is produced by the 
proteolytic cleavage of interleukin 2 receptor 
(IL-2R) subunit alpha from cell membrane, which 
follows activation of mononuclear cells. It was 
detected to be a marker of T cell activation. Its 
earlier expression is usually detected prior to 
lymphocyte proliferation or other cell surface 
activity determinants while its higher levels in 
serum and urine give it the strength to be a good 
predictor of autoimmunity.17-19

Detection of serum20,21 and urinary22,23 sCD25 
were reported to be sensitive and specific for adult 
LN activity. It is easier to obtain urine than blood 
samples from children.24 Thus, in this study, we 
aimed to assess the urinary sCD25 concentrations 
in patients with JSLE and to evaluate its validity to 
be a possible marker of disease activity in patients 
with LN.

PATIENTS AND METHODS

This case-control study was conducted at the 
Pediatric Rheumatology Outpatient Clinic of the 
Rheumatology and Rehabilitation Department 
of Benha University and the Children’s Hospital 
between November 2016 and December 2017. 
The study included 53 patients with JSLE 
(15 males, 38 females; median age: 11 years; 
range, 7 to 17 years) who were diagnosed using 
the Systemic Lupus International Collaborating 
Clinics (SLICC) classification criteria for SLE25 
and 30 age- and sex-matched apparently healthy 
controls (10 males, 20 females; median age: 
10 years; range, 6 to 16 years). Patients with 

another autoimmune disease, recent infection or 
end-stage renal disease were excluded. The study 
protocol was approved by the Benha University 
Research Ethics Committee. A written informed 
consent was obtained from the legal guardian 
of each participant. The study was conducted in 
accordance with the principles of the Declaration 
of Helsinki.

The JSLE patients underwent detailed 
history taking and clinical evaluation. Disease 
activity was assessed with the Systemic Lupus 
Erythematous Disease Activity Index 2000 
(SLEDAI-2k); active disease was considered for 
scores ≥6.26 LN activity was evaluated using 
the renal component of SLEDAI-2k (rSLEDAI) 
ranging from 0 to 16 and SLICC renal activity 
score27 ranging from 0 to 15; active LN was 
considered for rSLEDAI >4.28

The patients were grouped as JSLE 
with active LN (n=16), active JSLE without 
LN (n=17), and JSLE with inactive disease 
(n=20). Organ damage in JSLE patients was 
evaluated using SLICC/American College 
of Rheumatology damage index (SDI)29 and 
renal biopsy was obtained from patients with 
active LN and assessed using the classification 
system of the 2003 revised International 
Society of Nephrology/Renal Pathology Society 
(ISN/RPS).30

Six milliliter of blood was aspirated from 
each participant and divided into three parts: 
first part placed in citrated tube to assess 
the erythrocyte sedimentation rate (ESR), 
second part of 1 mL placed in 150 μL 
ethylenediaminetetraacetic acid to perform 
complete blood counting (CBC), and third 
part placed in an empty test tube (without 
anticoagulant), kept at room temperature for 
30 min to coagulate, centrifuged at 1500 rpm 
for 15 min and the separated serum collected 
for assessment of C-reactive protein (CRP), C3, 
C4, anti-dsDNA, serum urea, and creatinine.

Urine samples were obtained in conjunction 
with serum sampling of creatinine for evaluation 
of sCD25, proteinuria, and urine creatinine 
level. Urine specimens were collected through 
24 h and the extracted urine was centrifuged for 
10 min and preserved at -40 °C till used for the 
assessment of sCD25 and creatinine.
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The CBC was performed for all samples using 
Sysmex XP-300 (Sysmex Corporation, New York, 
USA). ESR was evaluated by the Westergren 
method. Quantitative CRP (BioSystems S.A., 
Barcelona, Spain) was assessed by the turbidimetry 
method.

The resultant serum was used for renal 
function tests. Serum and urine creatinine were 
measured using the BioSystems reagent kit of 
the BioSystems S.A. Serum urea was measured 
via applying the enzymatic colorimetric test 
(Diamond Diagnostics, Holliston, MA, USA), 
performed by Biosystem BTS 350 Semiautomatic 

analyzer (Biosystems, Spain). Estimated creatinine 
clearance was measured by the Schwartz formula.31

Reagents from Far Diagnostics (Verona, Italy) 
were purchased to assay C3 and C4 applying 
radial immunodiffusion plate. Twenty-four-hour 
urine protein was measured by turbidimetry 
method using trichloroacetic acid with BioSystems 
BTS-350 spectrophotometer device. Anti-dsDNA 
was detected by indirect immunofluorescence by 
Inova Diagnostics (San Diego, USA).

Urinary sCD25 was conducted using enzyme-
linked immunosorbent assay kit (SunRed 
Biotech, Shanghai, China) with catalog number: 

Table 1. Characteristics of juvenile systemic lupus erythematosus patients and healthy controls

JSLE patients (n=53) Controls (n=30)

n % Mean±SD Median Range n % Mean±SD Median Range p

Age (year) 11 7-17 10 6-16 0.3

Sex
Female
Male

38
15

20
10

0.82

Body mass index (kg/m2) 20.9±3.2 19.7±3.1 0.09

Disease duration (months) 12 2-52 NA NA -

Cutaneous involvement 31 58.5 NA NA -

Musculoskeletal involvement 33 62.3 NA NA -

Hypertension 14 26.4 NA NA -

Active nephritis 16 30.2 NA NA -

Neurological involvement 13 24.5 NA NA -

Leucopenia 21 39.6 NA NA -

Thrombocytopenia 16 30.2 NA NA -

Cardiac involvement 8 5.1 NA NA -

ESR (mm/1st h) 28 7-113 NA NA -

CRP (mg/L) 8.7 2.3-96.3 NA NA -

Hemoglobin (gm/dL) 10.6±1.4 NA -

WBCs (103/cmm) 5.6±2.7 NA -

Platelets (103/cmm) 232.8±95.1 -

Proteinuria (gm/24 h urine) 0.24 0.02-6.3 NA NA -

Serum creatinine (mg/dL) 0.7 0.45-3.8 NA NA -

Blood urea (mg/dL) 17 14-132 NA NA -

eGFR (mL/min/1.73 m2) 78.7±29.3 NA -

C3 (mg/dL) 104.74 43-165 NA NA -

C4 (mg/dL) 14.79 4.4-32.4 NA NA -

Anti-dsDNA (IU/mL) 27 51 NA NA -

Normalized Ur sCD25 (pg/mg) 243 100-655 159.5 74-423 0.001*

SLEDAI-2k 9 0-33 NA NA -

Renal SLEDAI 0 0-16 NA NA -

SLICC renal activity score 0 0-15 NA NA -

SDI 2 0-7 NA NA -

JSLE: Juvenile systemic lupus erythematosus; SD: Standard deviation; NA: Not applicable; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; WBC: White blood cell; 
eGFR: Estimated glomerular filtration rate; C: Complement; Anti-dsDNA: Anti-double stranded deoxyribonucleic acid antibodies; Ur: Urinary; sCD25: Soluble alpha chain of inter-
leukin-2 receptor; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; SLICC: Systemic Lupus International Collaborating Clinics; SDI: Systemic Lupus International 
Collaborating Clinics/American College of Rheumatology Damage Index.
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201-12-5522. Results of urinary sCD25 were 
normalized to creatinine in each participant.

Statistical analysis

Data analyses were performed using the IBM 
SPSS version 20.0 software (IBM Corp., Armonk, 
NY, USA). Mean and standard deviation were 
used to present normally distributed data while 
median and range were used for non-parametric 
data. A comparison between parametric data 
was performed by t-test and one-way analysis 
of variance. Comparison between normalized 
urinary sCD25 concentrations in JSLE patients 
and the controls was performed using the Mann-
Whitney U test. Also, Kruskal-Wallis test was 
selected to compare the non-parametric data 
between more than two groups. The linear 
association between normalized urinary sCD25 
and different disease variables was tested using 
the Spearman’s correlation coefficient. The 
diagnostic performance of normalized urinary 
sCD25 in predicting SLEDAI score and its renal 
component was tested using the receiver operating 
characteristics (ROC) curve.

RESULTS

Cutaneous manifestations were found in 31 
(58%) JSLE patients in the form of malar rash, 
photosensitivity, and hair loss. Musculoskeletal 
manifestations included arthralgia, arthritis, and 

myalgia in 33 (62.3%) patients. Also, neurological 
involvement was found in 13 (24.5%) patients in 
the form of seizures, headache, psychosis, and 
cerebrovascular accident. The baseline features 
of JSLE patients and the controls were shown in 
Table 1.

All our JSLE patients were receiving variable 
doses of prednisone, 49 (92.45%) patients were 
receiving hydroxychloroquine, 24 (45.28%) 
azathioprine, 15 (33.4%) mycophenolate mofetil, 
and 10 (13.2%) cyclophosphamide intravenous 
infusion.

In JSLE patients, normalized urinary 
sCD25 concentrations (median 243; range, 
100 to 655 pg/mg) were significantly 
higher (p=0.001) than their normalized 
urinary concentrations in healthy controls 
(median 159.5; range, 74 to 423 pg/mg) 
(Figure 1). Furthermore, normalized urinary 
concentrations of sCD25 in JSLE patients 
with active LN (402.7±139.6 pg/mg) were 
significantly higher compared to normalized 
urinary concentrations in active JSLE 
patients without LN (262.2±98.4 pg/mg, 
p=0.002) and JSLE patients with inactive 
disease (192.7±66.4 pg/mg, p<0.001). Also, 
active JSLE patients without LN (n=17) 
had significantly higher normalized urinary 
concentrations of sCD25 than normalized 
urinary concentrations in JSLE patients with 
inactive disease (n=20, p=0.015) (Figure 2).

Figure 1. Comparison of normalized urinary sCD25 
levels between JSLE patients and healthy controls.
JSLE: Juvenile systemic lupus erythematosus; sCD25: Soluble alpha chain 
of interleukin-2 receptor.
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Figure 2. Comparison of normalized urinary sCD25 levels 
between JSLE patients with active nephritis, active JSLE 
patients without nephritis and inactive JSLE patients.
JSLE: Juvenile systemic lupus erythematosus; sCD25: Soluble alpha chain 
of interleukin-2 receptor.
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Regarding renal biopsy, nine patients 
(59.25%) had biopsy Grade IV with a mean 
of their normalized urinary sCD25 of 
419.4±134.1 pg/mg, four (25%) had biopsy 
Grade III with a mean of their normalized urinary 
sCD25 of 411.8±194.4 pg/mg, two (12.5%) had 
biopsy grade V with a mean of their normalized 
urinary sCD25 334.5±142.1 pg/mg, and only 
one patient (6.25%) had biopsy Grade II with a 
normalized urinary sCD25 of 352 pg/mg.

The JSLE patients were categorized into 
quartiles according to their normalized urinary 
sCD25 levels. Patients with the highest (fourth) 
quartile of normalized urinary sCD25 showed 
significantly higher prevalence of active 
nephritis, ESR, CRP, proteinuria, anti-dsDNA, 
urea, SLEDAI-2k, rSLEDAI, SLICC renal activity 
score, and SDI while lower C3. Characteristics 
of JSLE patients according to quartiles of their 
normalized urinary sCD25 were presented in 
Table 2.

Normalized urinary sCD25 levels showed a 
positive significant correlation with proteinuria 
(r=0.39, p=0.004) SLEDAI (r=0.48, p<0.001), 
rSLEDAI (r=0.61, p<0.001), SLICC renal activity 
score (r=0.68, p<0.001), and renal biopsy activity 
index (r=0.62, p=0.01) while a negative significant 
correlation was established between normalized 
urinary sCD25 concentrations and C3 (r=-0.48, 
p<0.001) (Table 3).

Figure 3 shows the ROC curve analysis 
of the diagnostic performance of normalized 

Table 3. Correlation between normalized urinary 
soluble alpha chain of interleukin-2 receptor levels 
and different parameters in juvenile systemic lupus 
erythematosus patients

Normalized urinary 
sCD25

Parameter r p

Age -0.1 0.46

Disease duration -0.2 0.15

Body mass index 0.15 0.28

Erythrocyte sedimentation rate 0.13 0.34

C-reactive protein 0.07 0.64

Hemoglobin -0.23 0.1

White blood cells -0.24 0.08

Platelets -0.11 0.43

Proteinuria 0.39 0.004

Blood urea 0.25 0.07

Creatinine 0.16 0.26

Estimated glomerular filtration rate -0.26 0.06

Complement 3 -0.48 <0.001 

Complement 4 -0.16 0.26

Anti-dsDNA 0.12 0.38

SLEDAI-2k 0.48 <0.001 

Renal SLEDAI 0.61 <0.001 

SLICC renal activity score 0.68 <0.001 

SDI 0.21 0.13

Renal biopsy activity index 0.62 0.01

Renal biopsy chronicity index -0.19 0.48

sCD25: Soluble alpha chain of interleukin-2 receptor; Anti-dsDNA: Anti-
double stranded deoxyribonucleic acid antibodies; SLEDAI: Systemic Lupus 
Erythematosus Disease Activity Index; SLICC: Systemic Lupus International 
Collaborating Clinics; SDI: Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index.

Figure 3. ROC curve analysis of the diagnostic performance normalized urinary sCD25 in predicting 
disease activity using SLEDAI (a) and its renal component (b).
SLEDAI: Systemic Lupus Erythematosus Disease Activity Index.
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urinary sCD25 levels in predicting disease activity 
using SLEDAI and its renal related component 
(rSLEDAI). Regarding SLEDAI, urinary sCD25 
had an AUC of 0.85 at a cut-off point of 
218 pg/mg with 84.4% sensitivity and 76.2% 
specificity (Figure 3a). While for rSLEDAI, urinary 
sCD25 had an AUC of 0.88 at a cut-off point of 
324 pg/mg with 68.7% sensitivity and 91.9% 
specificity (Figure 3b).

DISCUSSION

Juvenile SLE is an autoimmune disease 
that, although being uncommon, is considered 
a critical condition.20 Renal involvement is a 
frequent finding in JSLE patients and it usually 
leads to increased mortality rate if not probably 
diagnosed and treated.21 Early diagnosis is the 
target of recent researches. Soluble CD25 is a 
new biomarker that has been studied in LN and 
was proven to have a role in LN pathogenesis 
and activity.20-23

This study demonstrated the correlations 
between urinary sCD25 and different activity 
parameters among our JSLE patients that were 
more obvious in those with LN. We found that the 
normalized urinary sCD25 levels were elevated 
in JSLE patients than controls. It is worth to 
note that active JSLE patients without LN had 
a significant increase in their normalized urinary 
sCD25 levels than those in remission. Gupta et 
al.22 reported similar outcomes with a remarkable 
correlation between urinary sCD25 and SLEDAI. 
On the other hand, Wong and Wong32 did not 
approve this association.

Overall, normalized urinary sCD25 
concentrations significantly correlated with 
activity parameters including SLEDAI, renal 
SLEDAI, SLICC renal activity score, and C3 
in all JSLE patients. Although SLE disease 
is characterized by B cell hyperactivity with 
subsequent profound release of autoantibodies, 
T cell activation has been proven to be the 
central initiating signal in this autoimmunity 
process.33 sCD25 represents the alpha chain of 
the IL-2 receptor and has been suggested to be 
the most prominent marker of cellular activation. 
Numerous cytokines that trigger T cell activation 
can induce CD25 expression.34

Strikingly, we found that the normalized 
urinary sCD25 concentrations were higher in 
JSLE patients with active LN than in those with 
inactive disease. Moreover, the active LN patients 
showed higher levels than active JSLE patients 
without LN with a significant correlation between 
urinary sCD25 concentrations and renal biopsy 
activity indices.

Several previous studies reported that 
the kidney invasion by T cells particularly 
activated cluster of differentiation 4 early in LN 
pathogenesis.33 T cells have a notable role in LN 
by helping B cell production of nephritogenic 
autoantibodies.16 High sCD25 concentration 
represents increased T cell activation and 
migration of T cells and might echo the early 
stage of LN.22,35

Our patients’ data of the positive correlation 
between urinary sCD25 levels with different 
parameters of LN activity were in line with those 
of Gupta et al.22 who reported increased urinary 
sCD25 levels in their active LN patients compared 
to controls and patients with inactive disease and 
concluded that it is a sensitive follow-up marker 
for relapse and poor response of LN. Yet, they 
found no significant difference regarding urinary 
sCD25 between SLE patients with and without 
active LN. Furthermore, they could not establish 
any significant association between urinary 
sCD25 levels and their combined serum sCD25 
levels. Their findings emphasized the suggestion 
of Tsai et al.,36 regarding local T cell activation in 
LN patients’ renal tissues in the beginning of LN 
activity.

Additionally, our patients with the highest 
(fourth) quartile of normalized urinary sCD25 
showed significantly higher prevalence of 
active nephritis and elevated levels of ESR, 
CRP, proteinuria, anti-ds-DNA, SLEDAI-2k, 
rSLEDAI, and SLICC renal activity score and 
more interestingly organ damage measured 
with SDI. Although we found that the urinary 
sCD25 levels were higher in patients who had 
biopsy Grade III and IV (severe inflammation 
and more T cell activation), we could not test 
the significance of this difference due to the 
small number of other biopsy grades. These 
results may confirm the relationship between 
the concurrent immune activation in the kidney 
and urinary sCD25.
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Many studies evaluated the relationship 
between serum20,21 and urinary22,23,36 sCD25 
levels in adult-onset SLE patients while only one 
study tested this relationship in JSLE patients,37 
suggesting that sCD25 is a sensitive marker 
of LN.21,23 However, none of them tested the 
relationship of urinary sCD25 and organ damage 
as a measure of severity of SLE.

Our limitations lie in the relatively small sample 
size particularly in those with renal biopsy, lack 
of serum sCD25 levels and their correlation 
with urinary levels, lack of an expression study 
of CD25 in the tissue of renal biopsy, and lack 
of longitudinal follow-up of urinary sCD25 after 
treatment of active patients to test the effect of 
various treatment lines on sCD25 urinary levels.

In conclusion, urinary sCD25 levels 
are significantly increased in JSLE patients, 
particularly in those with active nephritis that 
remarkably correlated with different inflammatory 
and activity parameters suggesting that urinary 
sCD25 can be a valuable biomarker of JSLE 
disease activity. The considerable association 
between elevated urinary sCD25 and SLE 
damage index implies a possible prognostic role 
in JSLE patients.
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