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Introduction

Nephrotic syndrome (NS) is one of the most commonly 
encountered evidence of glomerular damage in children. It 
is characterized by a prevalence of approximately 16 cases 
per 100.000 children aged under 16 [1]. The reported an-
nual incidence in children varies between 1.2 and 3.5 per 
100.000 per year in Western Europe [2-4], 4.7 per 100.000 
per year worldwide [5] and up to 6.5 per 100.000 per year in 
Japan [6]. NS is characterized by the triad of heavy proteinu-
ria, hypoalbuminemia (≤2.5 g/ dL), and generalized edema. 
The pathophysiological mechanisms of idiopathic nephrotic 
syndrome (INS) support an underlying role for the immune 
system [7, 8]. This hypothesis relies on the fact that the main 
treatment is based on corticosteroids and studies show dif-
ferent inflammatory profiles in patients with INS [9].

Idiopathic NS has been considered “a disorder of T-cell 
function” mediated by a circulating factor that alters podo-
cyte function resulting in massive proteinuria for the last 
four decades. 

The implicated role of circulatory factors released from 
T-cells has long been postulated in the pathophysiology of 
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NS; however, a single presumptive factor has not been de-
fined yet [10]. 

Cytokines are functional class of tiny proteins and 
glycoprotein (molecular weights of approx. 8–80 kDa) and 
fundamentally they are monomers that function as soluble  
mediators in an autocrine or paracrine manner. Cytokines 
are produced by a number of cell types, predominantly 
leukocytes, and their targets implicate both immune and 
non-immune cells [11]. Also known as CXCL8, IL-8 is 
one of the most widely studied chemokines and is a criti-
cal inflammatory mediator. The main role of IL-8 in 
inflammation is in the recruitment of neutrophils, although 
it is also responsible for the chemotactic migration and ac-
tivation of monocytes, lymphocytes, basophils, and eosi-
nophils at sites of inflammation [12]. 

Tumor necrosis factor  (TNF), a pleiotrophic cyto-
kine,  that is produced primarily by immune cells, such as 
macrophages, dendritic cells, and T lymphocytes and is 
implicated in immune regulation [13]. TNF exerts its bio-
logical responses via interaction with two cell surface recep-
tors: TNFR1 and TNFR2. (TNFRs) [14]. TNF is implicated 
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in many systemic inflammatory diseases as well as kidney 
diseases [15]. TNF-α affects the expression of nephrin and 
podocyte cytoskeletal rearrangement [16]. 

Macrophage inflammatory protein (MIP)-1α/CCL3 is 
an inflammatory chemokine produced by cells during in-
fection or inflammation. It belongs to the CC chemokine 
family, which displays potent chemotactic properties. Their 
findings suggested that the MIP-1 protein was composed 
of two peptides. Partial sequencing revealed two proteins: 
MIP-1α and MIP-1β. MIP-1α/CCL3 is crucial for the re-
cruitment of macrophages and T lymphocytes from the cir-
culation to sites of infection or injury; thus, it orchestrates 
acute and chronic inflammatory host responses [17].

Monocyte chemoattractant protein-1 (CCL2/MCP-1) is 
a chemokine that mediates renal interstitial inflammation, 
tubular atrophy, and interstitial fibrosis by recruiting mono-
cytes-macrophages into renal interstitium [18]. Within the 
glomeruli there is MCP-1 overexpression in both crescent 
GN and nephrotic conditions [19].

There are no good large-scale empirical evidence and 
complex studies regarding changes in cell signaling mole-
cules in various clinically evolving variants of glomerulone-
phritis in children.

The aim of the study was to evaluate urinary concentra-
tion of cellular signaling molecules in children with glomer-
ulonephritis with different clinical-evolutionary stages of 
the disease.

Material and methods

The prospective study was conducted in Nicolae 
Testemitanu State University of Medicine and Pharmacy, 
Department of Pediatrics, Biochemistry Laboratory and 
Institute of Mother and Child, Nephrology Unit.

It is based on biological samples collected according to 
the principles of contemporary research, approved by the 
Ethics Committee of Research of Nicolae Testemitanu State 
University of Medicine and Pharmacy (favorable review of 
13.05.2015, official record No 55).

This study was performed on 75 children with glomeru-
lonephritis, aged from 2 up to 17 years. There were 20 chil-
dren with steroid-sensitive nephrotic syndrome (SSNS), 15 
children with steroid-resistant nephrotic syndrome (SRNS), 
20 children with chronic glomerulonephritis (CGN) neph-
rotic form and 20 children with CGN mixed form. At the 
first presentation, all patients received oral prednisone at 
dose of 2 mg/kg/day for 6-8 weeks. Diagnostic criteria for 
NS were based on the KDIGO Clinical Practice Guidelines 
for Glomerulonephritis [20]. This study was performed on 
patients experiencing disease relapse and during clinical re-
mission. Inclusion criteria were: children aged 2-17 years, 
with primary nephrotic syndrome, CGN nephrotic and 
mixed form, endogenous creatinine clearance> 60 ml / min 
/ 1.73m2, and exclusion criteria: patients with congenital 
NS, secondary NS, endogenous creatinine clearance <60 ml 
/ min / 1.73m2, cardiovascular, hepatic, metabolic comor-
bidities, acute injury of the internal organs at the time of 

study initiation. The control group consisted of 20 healthy, 
sex- and age-matched subjects. 

Quantification of cytokines was performed by sandwich 
ELISA method. To assess the significant difference of per-
formed indices were used statistical methods which appreci-
ated arithmetic average size [X], average squared deviation, 
error of median arithmetic average size [± m]. It has also 
been used nonparametric statistical test “Mann-Whitney 
U” and the selected level of   statistical significance was p 
<0.05 (StatsDirect statistical software, version 1.9.5, 2001).

Results

The mean value of age in NS (6.52±0.66 years old), CGN 
nephrotic form (8.9±0.67 years old) and CGN mixt form 
(10.1±0.99 years old). In the onset of the disease, clinical 
features were determined by anasarca ‒ (60.0 ± 9.65%), 
edema ‒ (40.0 ± 7.9%), rare urination ‒ (48. 75 ± 8.7%), 
headache ‒ (22.5 ± 5.92%), vomiting ‒ (15.0 ± 4.84%), ab-
dominal pain syndrome ‒ (8.75 ± 3.7%), pain in the lumbar 
region ‒ (10.0 ± 3.95%). Evaluation of blood biochemical 
markers showed hypoproteinemia and hyperlipidemia in all 
subgroups of patients with NS (tab. 1).

Table 1. Laboratory findings of patients with idiopathic 
nephrotic syndrome according to the therapeutic 

response to steroids

Biochemical parameters SSnS SRnS

Total protein, g/l 53.3±1.27 51.13±1.49
Albumine,% 35.72±3.56 20.76±2.63
Urea, mmol/l 6.84±0.80 5.12±0.48
Creatinine, mmol/l 0.064±0.006 0.054±0.037
Total lipids, g/l 9.20±1.13 12.56±1.49
Cholesterol, mmol/l 7.43±0.34 10.05±0.95
β-lipoproteins, u.c. 95.07±3.64 107.23±6.88
Protrombin, % 92.95±1.096 92.50±1.71
Fibrinogen, g/l 4.59±0.38 6.69±1.88
24-Hour Urine Collection- pro-

teine, g/l
3.79±0.66 4.55±0.99

In table 2 are reflected results of the evaluation of uri-
nary interleukins in patients with different forms of GN by 
estimating the level of IL-8 and TNF-α. 

Thus, in the onset period, in patients with SRNS we 
found an increased level of IL-8 in urine that exceeded 
9.5 times, and 4.7 times in SSNS compared to the control 
values. During remission, the level of IL-8 in the urine re-
mained increased in all clinical variants of GN, compared to 
the control group.

Maintenance of high levels of IL-8 during remission in 
our research could be explained by decreased urinary clear-
ance or slow degradation of this cytokine and persistence of 
the pathological process in the kidneys.

We obtained an increased TNF-α in the urine samples of 
all patients. The level of urinary TNF-α was more increased 
in the SRNS in the onset period, compared to the SSNS.
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Thus, the level of urinary TNF-α increased 4.1 times in 
the SRNS and 2.9 times in the SSNS, compared to the con-
trol group, and during the remission the level of TNF-α in 
the urine, although decreased slightly, remains at increased 
values in these patients groups.

In CGN nephrotic form, the relapse period, there were 
also increased values of TNF-α that exceeded almost 2 times 
the control level. During the remission period, this param-
eter decreases, being by 33.6% lower than the values of the 
control group, but without statistical relevance. 

We purpose to elucidate the disturbances in the cellu-
lar signaling system, so we evaluated the dynamics of uri-
nary chemokines in patients with GN at different clinical-
evolutionary stages of the disease (Table 3). The obtained 
results indicate a statistically authentic increase in the level 
of urinary MCP-1 in all groups of patients, compared to the 
control group, the highest values being recorded in children 
with CGN nephrotic and mixed form (Table 3).

The concentration of urinary MCP-1 in the groups of 
patients with SSNS and SRNS, during the clinical manifesta-
tions and remission period exceeded 2.0 – 2.4 times the val-
ues of the control group. It should be noted that the group 
of patients with SRNS showed higher mean values of MCP-
1 in the urine compared to those in the group with SSNS. 

In the groups of patients with CGN nephrotic and mixed 
form during exacerbation, the concentration of MCP-1 in 
the urine increased 3.3 times and 8.5 times, respectively, 
compared to the control group. During remission in groups 
of patients with CGN, the concentration of urinary MCP-
1 remains increased, which indicates the persistence of the 
chronic renal damage and the lack of a complete immunobi-
ochemical recovery.

We found significantly higher levels of urinary MIP-1α 
in all groups of patients during the period of relapse com-
pared to the period of remission. The level of urinary MIP-
1α increased 2.7 times in the group of patients with SRNS, 
compared to SSNS during the clinical manifestations. In the 
group of patients with CGN nephrotic form, in the relapse 
period, the concentration of MIP-1α in urine exceeded 4.9 
times the level of this index recorded in patients with SSNS 
and 1.8 times in patients with SRNS.

Discussion

Our study revealed the clinical-diagnostic importance 
of assessing the concentration of cell signaling molecules in 
urine for the early diagnosis of renal impairment in children 
with GN, noting a significant increase in the concentration 
in their urinary samples. Furthermore, we obtained signifi-

Table 2.  urinary interleukin levels in children with glomerulonephritis (pg / mM creatinine)

Study groups
IL-8 TNF-α

relapse remission relapse remission
SSNS 130.7±14.28***

465.1%
86.0±8.94*** 306.04%, 

p1<0.05
95.8±9.85***

287.7%
59.9±7.37**

179.9%, p1<0.05

SRNS 267.3±21.87***
951.2%, p2<0.001

- 135.2±7.83***
406.0%, p2<0.01

82.3±10.34
247.1%, p1<0.01

CGN nephrotic form 291.0±25.73***
1035.6%

102.8±5.47*** 365.8%, 
p1<0.001

62.3±5.72***
187.1%

22.1±0.78
66.4%, p1<0.001

Control group 28.1±3.71 33.3±2.91

note: statistically significant difference compared to control group values: * P <0.05; ** P <0.01; *** P <0.001.
p1 – authenticity compared with the same index registered under relapse. p2 – authenticity in comparison between SSNS and SRNS.

Table 3.  urine chemokine levels of MCP-1 and MIP-1α in children with glomerulonephritis

Study groups
MCP-1(pg/mM creatinine) MIP-1α (ng/mM creatinine)

Relapse Remission Relapse Remission

SSNS 96.99±7.63***
190.4%

112.13±6.88**
220.2% 

0.48±0.08
p3<0.001

0.16±0.017
p1<0.05

SRNS 108.02±8.78**
212.1%

121.88±7.26**
239.3%

1.28±0.09
p2<0.01;
p3<0.01

0.30±0.080
p1<0.01

CGN nephrotic form  170.32±12.01***
334.4%

93.21±8.43**
183.01%, p1<0.01

2.36±0.21 0.50±0.059
p1<0.001

CGN mixt form 430.76±49.73
845.8%

122.49±15.97*
240.5%, p1<0.01

7.58±2.72 -

Control group 50.93±3.79 0.0

note: statistically significant difference in relation to the values of the control group: * p <0.05; ** p <0.01; *** p <0.001. p1 – authenticity 
in comparison with the respective index registered in relapse; p2 – authenticity when comparing SSNS with SRNS; p3 – authenticity when 
comparing CGN nephrotic form with SSNS and SRNS.
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cantly increased levels of IL-8 in the urine in all groups of 
patients during the relapse period, compared to the remis-
sion period.

Previous studies had reported the relation between 
CXCL8/IL8 and disease activity and linked high urinary 
CXCL8/IL8 levels to proteinurea [21].

According to the study [22] urinary CXCL8/IL8 levels 
were significantly higher in SRNS than SSNS patients dur-
ing activity and remission with no significant difference on 
comparing minimal change disease (MCD) and focal seg-
mental glomerulosclerosis (FSGS) patients. 

According to Souto M. et al. study, they found similar 
results, increased levels of urinary IL8/CXCL8 in relapsed 
steroid resistant children when compared to steroid sensi-
tive patients in remission, with a positive correlation with 
urinary protein levels. These findings suggest that the renal 
release of the chemokine IL8/CXCL8 might be associated 
with changes in glomerular permeability [23]. 

IL-8 was shown to induce changes in the permeability of 
the glomerular basement membrane (GBM) via decreasing 
the synthesis of heparan sulfate proteoglycans, which even-
tually induced proteinuria in rats [24]. The study of Al-Eisa 
AA et al. detected increased urinary levels of IL-1β, IL-6 and 
IL-8 in INS patients during relapse which disappeared, ex-
cept IL-8, during remission of the disease. These findings 
support the assumption of the important role of these cy-
tokines in the immune process during a relapse [25]. 

A pediatric study used the TNF pathway in the recur-
rence of focal segmental glomerulosclerosis (FSGS) and 
showed improvement in proteinuria after TNF antibodies 
therapy [26]. 

During the precocious phases of inflammation, TNF-α 
may play as a key medium to activate the downstream fac-
tors expression, including γ-IFN, IL-1, IL-2, IL-4 and IL-8 
and thus start a cascade reaction, which then promotes the 
nephrotic syndrome return by affecting glucocorticoid re-
sponse [27]. 

The study of Besbas N. et al. suggests that increased uri-
nary excretion of MCP-1 in the patients with FSGS is most 
likely due to enhanced production of MCP-1 in kidney, pre-
sumably induced by excessive exposure to plasma proteins 
filtered from the damaged glomeruli. They also showed that 
urinary MCP-1 levels correlated with the degree of pro-
teinuria in FSGS patients [18]. 

Vianna and co-workers found higher urinary levels of 
MCP-1/CCL2 in patients with chronic kidney disease (CKD) 
due to FSGS than in cases of congenital uropathies [28]. 
Additionally, patients with glomerular disease had higher 
MCP-1 as compared with non-glomerular disease patients 
[28]. More recently, Matsumoto Y. et al. showed that urinary 
level of MCP-1/CCL2 was significantly higher in steroid-
resistant INS than in steroid-sensitive patients, supporting 
the idea that urinary MCP-1/CCL2 might contribute to the 
recruitment of macrophages into glomeruli [29]. 

Alzawa T. et al. in their study revealed that urinary con-
centrations of MCP-1 is a significant positive correlation 
with the degree of occult blood in urine and a significant 

inverse correlation with the estimated glomerular filtration 
rate. Furthermore, the urinary CCL2/MCP-1 concentra-
tion was significantly correlated with histological chronic-
ity indices in patients with lupus nephritis and IgA neph-
ropathy, supporting the hypothesis that the measurement 
of this chemokine may be useful as a noninvasive method 
for predicting the disease activity of glomerulonephritis in 
children [30]. 

The study of Ikezumi Y. et al. reported that macrophages 
play an important role in the pathogenesis of SRNS, show-
ing a significant increase in glomerular macrophage accu-
mulation in biopsies from children with SRNS compared 
with those with SSNS. These results suggest that MCP-1 
could be involved in the mechanism for steroid-resistance 
via recruitment of monocytes/macrophages into kidney tis-
sue [31]. 

According to the study of Furuichi K. et al. urinary levels 
of MIP-1α / CCL3 in patients with crescentric glomerulone-
phritis correlate with the percentage of cell crescents and the 
number of CD68-positive infiltration cells and CCR1- and 
CCR5-positive cells in glomeruli. Increased expression of 
MIP-1α, MIP-1ß and MCP-1 in glomeruli with cellular and 
fibrocellular crescents suggests that these chemokines may 
be involved in crescent progression additionally with mac-
rophage recruitment. MIP-1α can specifically promote and 
generate glomerular infiltration with macrophages in the 
acute process leading to the formation of glomerular cres-
cents [32].

Conclusions

Quantifying of urinary concentrations of cellular sign-
aling molecules may be useful as a predictive non-invasive 
method for estimating disease activity, monitoring disease 
progression, differentiating steroid-sensitive nephrotic syn-
drome from steroid- resistant nephrotic syndrome, and as-
sessing the effectiveness of treatment in children with differ-
ent variants of glomerulonephritis.
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