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Abstract

Introduction

Nephrotic syndrome (NS) is one of the commonest pediatric renal disorders. Minimal change disease (MCD) is the
commonest cause of childhood NS followed by focal segmental glomerulosclerosis (FSGS). The majority of MCD children
respond to corticosteroid therapy, but some are steroid-dependent or steroid-resistant, while the majority of patients with
FSGS are steroid resistant. Recently, it has been proposed that changes in the cytokine and chemokine profile of NS patients
may contribute to proteinuria and glomerular damage

Aim of this study
To investigate the relation between interleukin 8 (CXCL8/IL8) and the response to steroid therapy in pediatric nephrotic
syndrome.

Patients and methods

Sixty-five patients with NS were included. They were divided into two groups according to response to steroids group 1:
steroid sensitive NS (40 patients) group 2: steroid resistant NS (25 patients) and each group include two subgroups (during
disease activity and during remission). Serum and urine CXCLB8/IL8 levels were measured by quantitative sandwich enzyme
immunoassay technigue.

Results

During activity serum CXCL8/IL8 levels were significantly higher in SRNS [median, IOR = 293(11-296)] as compared to
SSNS [114.3(5.8-296)] , p .04. Similarly, urinary CXCLS8/IL8 levels were significantly higher in SRNS [187(61.8-210.3)]
as compared to SSNS [40.6(24.4-80)] , p.04. During the remission, urinary CXCLB8/IL8 levels were significantly higher in
SRNS [ 38(21.8-57)] as compared to SSNS [2.4(.0-9.8)], p .03.

Conclusions
Urinary CXCL8/IL8 levels were significantly higher in SRNS than SSNS patients and can be a reliable marker for steroid
resistance of childhood onset nephrotic syndrome
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Introduction

Nephrotic syndrome (NS) is one of the commonest
pediatric renal disorders characterized by proteinuria,
hypo- albuminemia and generalized edema [1]. The
incidence of nephrotic syndrome is ranging between two to
seven newly diagnosed cases per 100,000 children per year,
and the prevalence is about 16 cases per 100,000 children
[2]. Minimal change disease (MCD) is the commonest
cause of idiopathic childhood onset nephrotic syndrome. It
accounts for about 85% of cases followed by focal
segmental glomerulosclerosis (FSGS), in almost 10% of
cases [3]. The majority of MCD children who present with
nephrotic syndrome respond to corticosteroid therapy, but
some are steroid-dependent or steroid-resistant, while the
majority of patients with FSGS are steroid resistant with a
high possibility to progress to end-stage renal disease
(ESRD) [4]. It has been proposed that changes in the
cytokine and chemokine profile of idiopathic nephrotic
syndrome patients may contribute to proteinuria and
glomerular damage [5, 6]. Cytokines are a group of
proteins produced by several kinds of cells that function as
soluble mediators with intercellular signaling functions [7].
Interleukin-8 (CXCLS8/IL8) is a chemoattractant cytokine
produced by a variety of tissue and blood cells [8]. 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 cellsin kidney and aggravates renal
pathological lesion [9]. Moreover, by affecting the
metabolism of sulfide in glomerular basement membrane,
IL-8 alters its anionic charge barrier and induces
proteinuria [10]. On the other hand some studies had linked
between urinary excretion of CXCLS8/IL8 and the
pathogenesis of proteinuria in INS [6, 11]. The aim of this
study was to investigate the relation between CXCL8/IL8
and the response to steroid therapy.

Patients and methods

Sixty-five patients with idiopathic nephrotic syndrome
were included in the study between March 2015 and
October 2018. At the first presentation, all patients received
oral prednisone at dose of 2 mg/kg/day for 6-8 weeks.
Patients with steroid resistance underwent renal biopsy and
an immunosuppressive was added to induce remission.
The patients were divided into 2 groups according to
response to steroid therapy; group 1: steroid sensitive NS
(SSNS) 40 patients and group 2: steroid resistant NS
(SRNS) 25 patients. Each group was studied during
proteinurea (a) and during remission (b) ( groups 1a, 1b,
2a, 2b) The SRNS group were divided into two subgroups
according to renal pathology; group 2F (FSGS, 16 patients)
and group 2M (MCD, 8 patients). The exclusion criteria
were: patients with partial remission, congenital nephrotic
syndrome, 2ry nephrotic syndrome, diminished estimated
glomerular filtration rate (< 60ml/min.1.73m?), any acute
infectious (high CRP levels) or allergic disease at the
moment and four weeks before blood and urine sampling.
All children included in the study were subjected to a

written consent from their parents, full history taking
laying stress on, age of onset of the disease and medical
treatment. Complete clinical examination including body
weight, height, body mass index (BMI), blood pressure,
and edema. Laboratory investigations including blood
urea, serum creatinine, albumin, cholesterol, urinary
protein/creatinine ratio (UPCR), serum CXCLS8/IL8 and
urinary (CXCLS8/IL8) / creatinine ratio. Our local
institutional ethics committee approved the study.
Study definitions:
° Steroid-sensitive NS: complete remission of INS
obtained after a 6- 8-wk course of corticosteroids.
° SRNS: no remission or only partial remission
obtained after an 8-wk course of corticosteroids.
° Complete remission: protein / creatinine less than 0.2
mg/mg creat and serum albumin more than 3.5 g/dl
° Partial remission: protein / creatinine more than 0.2
mg/mg creat and serum albumin more than 2.5 g/dI
° Disease activity : protein / creatinine more than 2
mg/mg creat and serum albumin less than 2.5 g/dl [12].
Sample collection: Both serum and urine samples were
collected at the presentation during proteinurea before
starting steroid therapy and once again, when complete
remission is obtained and maintained for at least two
months.
Urine samples: The samples were taken as early morning
samples being voided directly into a sterile container.
Samples were divided into parts; one part sent for
measurement of urinary proteins and creatinine. the other
part was centrifuged for 20-min at the speed of 2000-3000
r.p.m. to remove supernatant and stored at -80°C till time
of analysis for quantitative determination of urinary
CXCLS8/IL8 applying sandwich Enzyme linked Immune
Sorbent Assay technique (ELISA) using CXCLS8/IL8
ELISA Kit, Thermo Fisher Scientific, USA).
Serum samples: Venous blood sample of 4 ml was
withdrawn from each child. Samples were allowed to clot
for two hours at room temperature before centrifugation for
15 minutes at 1000xg. Serum was separated and samples
were divided; one .part sent for chemical analysis and the
2nd part was stored at -80C until the end of the study for
measurement of serum CXCLB8/IL8 levels by quantitative
sandwich enzyme immunoassay technique using
CXCLS8/IL8 ELISA Kit, Thermo Fisher Scientific, USA).

Statistical methods

Statistical analysis was done using statistical package for
social sciences (SPSS), computer software (version22),
IBM software, USA. Data were described in the form of
median (IQR) for quantitative data, and frequency and
proportions for qualitative data. A pvalue <0.05 was
considered statistically significant. Differences were
analyzed between the groups by One-way Anova test.
Associations were analyzed by logistic regression tests.
The receiver operating characteristics (ROC) curve
analysis was performed to identify the optimal cutoff value
for urinary CXCLBS/IL8/ creatinine level above which
steroid resistance is expected.
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Results

There was no significant difference between the four
groups as regarding age, age at disease onset and
anthropometric measures. Blood urea and urinary
CXCLS8/IL8/creat were significantly higher in SRNS
during activity as compared to the other groups (p=.02 and
>.001 respectively. (table 1). In comparing the SSNS and
SRNS during activity serum CXCLS8/IL8 levels were
significantly higher in SRNS (median, IOR = 293(11-296)
as compared to SSNS (median, IQR =114.3(5.8-296), p
value= .04. Similarly, urinary CXCLB8/IL8 / creat levels
were significantly higher in SRNS (median ,IOR =
187(61.8-210.3) as compared to SSNS (median, IQR
=40.6(24.4-80) , p value= .04 while there was no
significant difference between the two groups as regarding
serum albumin and PCR (table2) . On comparing the
SSNS and SRNS groups during the remission; urinary
CXCLS8/IL8 [/ creat levels were significantly higher in
SRNS (median ,IOR = 38(21.8-57) as compared to SSNS

(median, IQR =2.4(.0-9.8) , p value= .03 while there was
no significant difference between the two groups as
regarding serum albumin , PCR and serum CXCL8/IL8
levels (table 3) . All patients with SRNS were on immune-
suppressants (68% on cyclosporine and 32% on MMF;
eight patients, seven of them had MCD and 1 patient with
MesPGN) ) .The renal pathology in the SRNS groups were
(16 patients with FSGS, 8 patients with MCD and 1 patient
had  mesangial  proliferation  glomerulonephritis
(MesPGN). There was no significant difference between
FSGS and MCD as regarding serum and urinary 1L8 levels
during both active disease and remission (p>.05). Binary
logistic regression test showed that urinary I1L8 levels can
significantly predict the response to steroid therapy. (x% =
(27.7x 65) .p <.001) (Table 4). The area under the ROC
curve of urine CXCLS8/IL8 levels for the diagnosis of
SRNS during active disease was 0.94 (95 % confidence
interval, 0.81 to 0.99). The analysis rendered an optimal
cutoff value of >35.3 pg/mg creatinine corresponding to 92,
9 % sensitivity and 84.6 % specificity (Figure 1).

Table 1: Demographic and laboratory data of the study groups

SSNSin SSNS in SRNS in SRNS in P
remission relapse remission relapse value
Age (years) 9 (2-15) 3 (5 -14) 7 (3-16) 3(5-14) .9
Age at onset (years) 3.5(2.5-5) 5(3-6) 4 (2-3) 4.8(3-6) 3
Height (cm) 123 (80-165) 128 (94-154) 115 (85-152) 118(95-152) .6
Weight (kg) 24 (11-60) 26(16-50) 18(13-45) 20(15-49) .9
16.6(14.4-
BMI 17.6(13.2-23.8) 17(15-21) 16.5(13.6-19.5) 23.9) .6
SBP{mmHg) 110 (90-120) 110(90-120) 110(100-120) 110(100-120) 4
DBP(mmHg) 70 (60-90) 70(60-380) 70(60-80) 70(60-80) .8
Urea (mg/dl) 20(12-40) 23(17-29) 21(14-45) 30(21=80) .02
Creatinine (mg/dl) 4(.3-.8) A4(.4-7) 4(.3-.9) A(.3-.7) .5
Albumin (gm/dl) 4.3(3.7-4.7) 1.9(1.2-2.5) 3.7(3.3-4.6) 1.9(1.6-2.6) <.001
Cholesterol (mg/dl) 142(34-190) 309(249-336) 178(115-322) 230(225-600) <.001
uPCR (mg/mg creat) .1(.01-.16) 2.1 (1.3-9.1) .1(.05-.17) 5.2(2-7) <.001
Serum CXCLSE/LS (pg/dl) 59.6(1.6-296) 114({5.8-296) 73(13-276) 293(11-296) 19
Urinary CXCLS8/ILS (mg/
2.4(.0-9.8) 40.6(24.4-80) 38(21-57) 187(61-210) <.001
mg ceart

Values are expressed as median (IQR)

BMI= hody mass index, SBP= systolic blood pressure, DBP= diastolic blood pressure. ,uPCR= urine protein/creatinine, CXCL8/IL8

=interleukin 8
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Table 2: Comparison between SRNS and SSNS groups during proteinurea

SSNS in relapse SRNS in relapse P value
Albumin (gm/dI) 1.9(1-2-2.5) 1.9 (1.6-2.6) 9
Cholesterol (mg/dl) 309(249-336) 280(225-600) .04
UPCR (mg/mg creat) 2.1(1.3-9) 5.2(2-7) 35
Serum CXCL8/IL8 (pg/dl) 114.3(5.8-296) 293 (11-296) .04
Urinary CXCL8/IL8 (mg/ mg creat) 40.6(24.4-80) 187(61.8-210.3) .04

Values are expressed as median (IQR)
UPCR= urine protein/creatinine, CXCLS8/IL8 =interleukin 8

Table 3: Comparison between SRNS and SSNS groups during remission

SSNS in remission | SRNS in remission P value
Albumin (gm/dl) 4.3(3.7-4.7) 3.7(3.3-4.6) 9
Cholesterol (mg/dl) 142( 84-190) 178(115-322) 3
uPCR (mg/mg creat) .1(.01-.23) .1(.05-.17) .9
Serum CXCL8/IL8 (pg/dl) 59.6(1.6-296) 73(13-276.8) 9
Urinary CXCL8/IL8 (mg/ mg creat) 2.4(.0-9.8) 38(21.8-57) .03

Values are expressed as median (IQR)
UPCR= urine protein/creatinine, CXCL8/IL8 =interleukin 8

Table 4: Binary logistic regression test to study the association between steroid resistance and CXCL8/IL8

95% C.l.for EXP(B)
B S.E. Wald df Sig. Exp(B)
Lower Upper
Serum IL8 .000 .005 .004 1 .950 1.000 991 1.010
Urinary IL8 .062 .022 7.801 1 .005 1.064 1.019 1.112

The dependent variable is steroids resistance. Urinary CXCL8/IL8 is a good predictor of steroids resistance (p=.005)
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Figurel: Cutoff value for urine interleukin 8 (IL 8) levels above which steroid resistance is expected.

Discussion

The role of the immune factors in the pathogenesis of
nephrotic syndrome has been discussed during the last few
years. The activation of T-cells leads to release of
cytokines that increase the glomerular permeability and
provoke podocytes’ barrier dysfunction with subsequent
proteinuria.[10] . CXCL8/IL8 (CXCLS8) is a chemokine
produced by many cells, including macrophages,
fibroblasts, renal mesangial, tubular cells and epithelial
cells. [11]. Previous studies had reported the relation
between CXCLB8/IL8 and disease activity and linked high
urinary CXCLS8/IL8 levels to proteinurea [6, 13]. We
aimed in this study to clarify the relation between serum
and urinary CXCLS8/IL8 levels and responsiveness to
steroid therapy. We found that during proteinuria both
serum and urinary serum CXCLS8/IL8 levels were
significantly higher in SRNS than SSNS. On the other
hand, serum CXCLS8/IL8 levels were statistically
insignificant between the SSNS and SRNS groups during
remission while urinary CXCLS8/IL8 levels were
significantly higher in SRNS than SSNS in absence of
statistically significant difference in urinary protein levels.
We also found that high urinary IL8 levels is a predictor
of steroid resistance as proved by logistic regression
These findings may support that CXCL8/IL8 is produced
by podocytes inducing an inflammatory process that is
localized to the kidneys a finding that reported by Huber
et al [14]. In their research, they studied the expression of
chemocytokines receptors on podocytes and reported that
podocytes can express receptors for CXCL8/IL8 and can
release I1L8 as well. Thus, these high levels of CXCL8/IL8
indicate severe podocyte injury with an ongoing
inflammatory process. That could explain why some
SRNS and frequent relapsing SSNS patient became
dependent on immunosuppressive drugs and exhibit
relapses on cessation of immune suppressive drugs [15].
In addition, the absence of significant difference between
FSGS and MCD groups during disease activity again

supports our hypothesis that increased urinary
CXCLS8/IL8 secretion is linked to the resistance to steroids
and not to the underlying pathology. In contrast to
findings reported by Lee et al, [16] who linked increased
CXCLS8/IL8 levels to MCD. The limitation of their study
is that they involved only biopsy proven MCD patients
and so the results were not compared with patients with
other renal pathologies. =~ CXCLB8/IL8 was shown to
induce changes in the permeability of the GBM via
decreasing the synthesis of heparan sulfate proteoglycans,
which provoke proteinuria in rats [17] . In human GN, the
expression of CXCLB8/IL8 has mainly been detected in
association with glomerular cell proliferation and
confined either to the expanded mesangial areas and
crescents [9, 18, 19] or spread over the whole glomeruli
[19]. Podocytes express chemokines receptors and usually
has the potential to respond to various soluble products of
the immune system [20]. In our study, a cutoff
value of >35.3 pg/mg creatinine can be used to predict
steroid resistance with 95 % confidence interval of 0.81
to 0.99 corresponding to 93 % sensitivity and 85%
specificity and AUC of 0.94. These findings strongly
support that CXCL8/IL8 can be used as a biomarker for
steroid responsiveness in INS.

Conclusions

Urinary CXCLB8/IL8 levels were significantly higher in
SRNS than SSNS patients during activity and remission
with no significant difference on comparing MCD and
FSGS patients. According to our findings, urinary
CXCLS8/IL8 can be used as a biomarker for steroid
resistance in pediatric onset nephrotic syndrome.
Proposed possible application: early prediction of the
response to steroid therapy in INS saving time and
avoiding unnecessary medications.
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