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Abstract

Background. Kidney injury in the course of chronic kidney disease (CKD) is a consequence of aggravated
cell migration, inflammation, apoptosis, and fibrosis. However, the sequence of these phenomena, as well
as of the reparatory mechanisms, are not fully known. Monocyte chemoattractant protein 1 (MCP-1) and
macrophage colony-stimulating factor (MCSF) trigger monocyte migration to the sites of inflammation and
their transition into macrophages. Tissue inhibitor of matrix metalloproteinases-2 (TIMP-2) plays a protective
role against excessive matrix remodeling, whereas survivin is known for its anti-apoptotic activity.

Objectives. To analyze the serum, urine and fractional excretion (FE) values of MCP1, MCSF, TIMP-2, and
survivin in children at subsequent stages of CKD being treated conservatively, and to analyze the potential
applicability of these markers in the evaluation of CKD-related renal damage and protective mechanisms
against it.

Material and methods. The study group consisted of 70 children with conservatively treated CKD,
stages 1-5, and 12 controls. The serum and urine concentrations of MCP1, MCSF, TIMP-2, and survivin were
assessed using enzyme-linked immunosorbent assay (ELISA). The FE of these parameters in the urine was
also assessed.

Results. The serum values of all parameters were significantly elevated at CKD stage 1 compared to the con-
trols. The urinary concentrations of MCP-1 and MCSF (stages 1-2) rose earlier than TIMP-2 and survivin
(stage 4) concentrations. The FE values started increasing at CKD stage 3 (MCP-1) or stage 4 (other parameters).

Conclusions. The complex analysis of serum/urinary/FE values of the selected parameters revealed a se-
quence of multifaceted CKD-related phenomena, when the migration of cells and inflammation were followed
by delayed and insufficient anti-fibrotic and anti-apoptotic activity.
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Introduction

Renal interstitial fibrosis is the final step in the progres-
sion of chronic kidney disease (CKD), irrespective of its
origin, and confirms its irreversibility.! It is a consequence
of an imbalance between tissue repair and damage.? Tubu-
lar damage in particular seems to determine the renal out-
come.? Chronic kidney disease triggers both destructive
and protective mechanisms in the kidney, concerning im-
munocompetent cell activity, inflammation or apoptosis.?
However, the sequence of interactions between injury and
regeneration and pro- and anti- inflammatory/apoptotic/
fibrotic stimuli is unknown.

Monocyte chemoattractant protein 1 (MCP-1) and mac-
rophage colony stimulating factor (MCSF) are engaged
in the early phase of injury: immunocompetent cell migra-
tion to the sites of inflammation. The chemotactic activ-
ity of MCP-1 controls migration of monocytes, whereas
the MCSF guidance triggers their transition into macro-
phages in situ.* The localization of MCP-1 in renal proximal
tubules, as well as its pro-inflammatory and pro-fibrotic
activity, have been proven in animal models.>® Studies
in children with CKD focused on the MCPI gene (MCP-1-
2518 A/G polymorphism) in focal segmental glomerulo-
sclerosis and on connections between plasma MCP-1 and
lipid metabolism in CKD.”® Our previous study revealed
increased serum concentrations of MCP-1 in children with
mild stages of CKD compared to those at the advanced
stages.” However, the role of MCP-1 as a marker of pro-
gressive kidney injury in the course of CKD is unknown.

So far, MCSF has been analyzed mainly as a marker
of atherosclerosis in adults on chronic hemodialysis.!%!!
Data concerning the role of MCSF in the pathogenesis
of CKD-related damage is limited to our preliminary report
on elevated serum and urine concentrations in children;
this issue not been analyzed in the context of the apoptotic
or fibrotic aspects of CKD progression.’

Survivin takes part in the regulation of cell division,
proliferation and apoptosis.!? Its ability to inhibit apop-
tosis was first proven in oncology, but further studies
have also revealed anti-apoptotic and protective activity
in response to ischemia/reperfusion injury in the course
of acute kidney injury.!*** Moreover, its location in the api-
cal membrane of proximal tubule cells and internalization
by megalin prove that it is reabsorbed from the primary
urine.! Studies in CKD patients are restricted to our previ-
ous reports on elevated survivin concentrations in children
with advanced CKD.!® However, the question of whether
survivin shows any protective features against chronic
kidney injury remains unknown.

The anti-fibrotic activity of TIMP-2 and its role in the cell
cycle regulation have been known for some time, but it was
only recently confirmed in vitro to be located in the distal
tubule cells.!” Urinary TIMP-2 is an established marker
of acute kidney injury, but its potential role in assessing re-
nal damage in the course of CKD progression is unknown.'®
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Our previous observations have suggested that the fraction-
al excretion (FE) of molecules in the urine may be added value
in the analysis of tubular function in children with CKD.>!%20

This study is the first attempt to evaluate inflamma-
tory/fibrotic/apoptotic phenomena using the combined
analysis of serum/urinary/FE values of the selected param-
eters throughout all stages of pediatric CKD. Our aim was
to analyze the usefulness of MCP-1, MCSF, survivin, and
TIMP-2 in the assessment of CKD-related mechanisms
of kidney injury in children, including inflammation, apop-
tosis and fibrosis, as well as the protective mechanisms
against them.

Material and methods
Study design and settings

This is a retrospective cross-sectional study, carried out
from 2016 to 2018 on 70 children with CKD and 12 con-
trols. The CKD patients were divided into 5 groups ac-
cording to CKD stage (patient flow is shown in in Fig. 1).
Table 1 shows the basic demographic and biochemical data.
The control group consisted of children with monosymp-
tomatic nocturnal enuresis and normal kidney function.

The enrollment criteria for CKD children were age be-
tween 2 and 18 years and at least three-month follow-up since
the diagnosis of CKD. The exclusion criteria consisted of co-
morbidities (diabetes, malignancy, allergy, systemic disease
or primary glomerulopathy, vasculitis, peripheral vascular
disease, and obesity), smoking, immunosuppression or cor-
ticosteroid therapy, current infection, or antibiotic therapy.

The causative factors for CKD were obstructive uropathy
(23 patients), hypo-/dysplastic kidneys (15), reflux nephropa-
thy (14), polycystic kidney disease (4), other genetic disorders
(5), acute kidney injury (4), and unknown factors (5). Hyper-
tension was diagnosed according to the criteria of the Euro-
pean Society of Hypertension in children and adolescents.?!

Informed consent was obtained from the patients and
their parents, if necessary. The research project was ap-
proved by the Wroclaw Medical University (Wroclaw, Po-
land) ethics committee, in accordance with the Declara-
tion of Helsinki.

Methods

Blood samples were drawn after an overnight fast from
the peripheral veins. Samples were clotted for 30 min and
centrifuged at room temperature for 10 min; the serum was
then stored at —80°C until assayed. Urine was collected asep-
tically from the first morning sample, centrifuged at room
temperature for 10 min and stored at —80°C until assayed.

The serum and urine concentrations of MCP-1, MCSF,
survivin, and TIMP-2 were evaluated using commercially
available enzyme-linked immunosorbent assay (ELISA) kits
(MCP-1 —reagent kit DCP00; MCSF — reagent kit DMCOO0B;
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Fig. 1. Patient flow diagram

Table 1. Basic demographic and clinical data

Study groups

Parameter
(median value (lower— Control group
upper quartile)) (h=12)

Gender 6 girls, 6 boys 4 girls, 6 boys
fee sl 10.5 134

gely (79-14.2) (4.1-14.3)
eGFR 115 112
[mL/min/1.73 m?] (94-120) (106-123)
Proteinuria 3.0 4.8
[mg/mg creatinine] (0.0-5.1) (0.0-108.7)

6 girls, 6 boys 7 girls, 15 boys 7 girls, 9 boys 4 girls, 6 boys
10.1 9.1 109 9.2
(84-154) (6.3-12.0) (6.8-15.2) (28-15.2)
740 45 2320 1198
(62-82) (35-52) (20-26) (9-13)
316° 31.7° 794 34 197.3 2

(0.0-482.0) (0.0-351.5) (10.7-7184) (54.4-2,119.8)

Mann-Whitney U test: *p < 0.001 CKD compared to control group; °p < 0.001 CKD stage 2 compared to stage 1; “p < 0.001 CKD stage 3 compared
to stage 2; ¢p < 0.001 CKD stage 4 compared to stage 3;°p < 0.001 CKD stage 5 compared to stage 4. eGFR — estimated glomerular filtration rate;

CKD - chronic kidney disease.

survivin — reagent kit DSV00; and TIMP-2 — reagent kit
DTM200; all from R&D Systems, Minneapolis, USA).
The measurements were performed according to the man-
ufacturer’s instructions, and the results were calculated
by reference to standard curves. The intra-assay and inter-
assay coefficients of variation (%CV) for the examined pa-
rameters did not exceed 8.2% and 9.3%, respectively.
Serum and urine markers were measured with auto-

mated routine diagnostic tests: creatinine OSR61204 re-
agent using Beckman Coulter AU2700 analyzer (Beckman
Coulter, Brea, USA) and proteinuria using turbidimetry.
Estimated glomerular filtration rate (¢GFR) was calculated
according to Schwartz’s formula.?? The urinary concen-
trations of the selected parameters were normalized for
urinary creatinine values. The FE of the parameters was
calculated based on the following formula:

([urine parameter concentration] x

£ X [serum creatinine concentra'tion]) < 100%.
([serum parameter concentration] x
x [urine creatinine concentration])

Statistical analysis

The results are expressed as median values and inter-
quartile ranges (IQR). The null hypothesis of normality
of distribution of the analyzed variables was rejected using
a Shapiro—Wilk test. Thus, the comparisons and correla-
tions between the subgroups were evaluated using non-
parametric tests (Kruskal-Wallis test, Mann—Whitney
U test and Spearman’s correlation coefficient). The sta-
tistically significant correlations in the whole group were
then analyzed using linear regression analysis. The linear
regression equations were calculated according to the fol-
lowing formula:

y=pBx+a,

where y is the dependent variable, B is the regression coef-
ficient, x is the independent variable, and a is a constant).
Statistical analysis was performed using the STATISTICA
v. 13.0 software package (StatSoft, Inc., Tulsa, USA).
A p-value <0.05 was considered significant.
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Results

Serum MCP-1, MCSF, survivin,
and TIMP-2 concentrations

The serum concentrations of all examined parameters
were significantly higher in comparison with the controls,
even from the earliest stages of CKD (Fig. 2-5). The steep rise
in CKD stage 1 was observed in the case of MCP-1, MCSF
and TIMP-2, where the concentrations increased more than
threefold, whereas those of survivin only by 30% (Fig. 2-5).
However, MCSF and survivin values showed a gradual in-
crease along with the progression of CKD (Fig. 3—4), whereas
in the case of MCP-1, a short plateau phase appeared between
CKD stages 2 and 3 (Fig. 2). The TIMP-2 concentrations rose
at CKD stage 1 and then stabilized until stage 4, when they
peaked again until stage 5 (Fig. 5).
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Fig. 2. Serum MCP-1 concentrations in children with CKD and controls
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Fig. 3. Serum MCSF concentrations in children with CKD and controls
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Urine MCP-1, MCSF, survivin, and TIMP-2
concentrations

The urinary concentrations of the selected parameters,
normalized for creatinine in urine, behaved differently.
The MCP-1 values were elevated in comparison with
the controls even at CKD stage 1; they rose until stage 2
and then remained stable until stage 5 (Table 2). The MCSF
values grew in relation to the control group in CKD stage 2
and also remained unchanged until stage 5 (Table 2). Sur-
vivin and TIMP-2 augmentation reached the level of statis-
tical significance no sooner than at stage 4 and remained
unchanged in stage 5 (Table 2). All urinary values were
significantly higher in CKD stage 2 than in stage 1.
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Fig. 4. Serum survivin concentrations in children with CKD and controls
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Table 2. Urinary (u) values of the parameters under study

Study group | Control group CKD stage 1
Parameter (n=12) (n=10)
u MCP-1 238 511¢°
[ng/mg creatinine] (2.26-2.99) (3.58-6.88)
u MCSF 27.65 4146
[ng/mg creatinine] (26.82-32.08) (30.91-59.17)
u survivin 0.55 042
[ng/mg creatinine] (0.53-0.63) (041-0.77)
uTIMP-2 0.13 0.1
[ng/mg creatinine] (0.11-0.14) (0.10-0.21)

CKD stage 2 CKD stage 3 CKD stage 4 CKD stage 5
(n=12) (n=22) (n=16) (n=10)
843P 12.142 9.73° 11.392

(4.89-11.45) (6.51-16.64) (7.33-10.42) (8.17-12.28)
74,9220 96.63 86.72¢ 88.92°

(40.89-98.87) (58.47-142.28) (62.43-90.86) (64.31-95.98)

0.94b 0.95 1.1 1.28°2
(0.49-1.21) (0.56-1.07) (0.88-1.20) (0.60-2.87)

0.24° 0.23 0.34° 044°
(0.13-0.31) (0.14-0.27) (0.27-0.39) (0.21-0.99)

Mann-Whitney U test: *p < 0.001 CKD compared to control group; °p < 0.001 CKD stage 2 compared to stage 1. CKD - chronic kidney disease;
MCP-1 — monocyte chemoattractant protein 1; MCSF — macrophage colony-stimulating factor; TIMP-2 — tissue inhibitor of matrix metalloproteinases-2.

The values of urinary FE of MCP-1, MCSF,
survivin, and TIMP-2

The FE values of MCSEF, survivin and TIMP-2 were sig-
nificantly lower than those of the control group at CKD
stage 1, whereas the FE values of MCP-1 remained compa-
rable to those in controls (Table 3). In CKD stage 2, none
of the FE values differed from those in the control group.
Contrarily, the FE of MCP-1 was significantly different
than that of the control group at CKD stage 3, whereas
the FE of the other parameters reached that threshold
at CKD stage 4 (Table 3). The values of FE of survivin were
the only ones that continued growing from stage 4 until
stage 5 (Table 3).

Of note, the FE of MCSF presented values above 1%
in both the controls and in all CKD patients. The FE
of MCP-1 and survivin surpassed 1% at CKD stage 2, while
the FE values of TIMP-2 did so at stage 4.

Correlations

Correlation analysis within subgroups revealed no signif-
icant results. In the whole group of CKD children, the se-
rum concentrations of the analyzed parameters correlated
positively with each other (Table 4), with the exception

Table 3. Fractional excretion values of the parameters under study

of MCP-1 and the values for survivin and TIMP-2. Addi-
tionally, serum survivin and TIMP-2 correlated negatively
with eGFR and positively with the corresponding urinary
values and proteinuria (Table 4). The urinary values of all
markers correlated with proteinuria. Survivin and TIMP-2
urine values also correlated negatively with eGFR (Table 4).
The FE values of all markers correlated with proteinuria.

However, on linear regression analysis, only serum
survivin could predict eGFR (R%= 0.86; p < 0.0000001),
whereas FE of survivin (R? = 0.69; p < 0.000001) and FE
of TIMP-2 (R?= 0.73; p < 0.000001) were good predictors
of proteinuria.

Discussion

Our study revealed the various patterns of elevated se-
rum and urinary values of MCP-1, MCSF, survivin, and
TIMP-2, as well as changes in the urinary FE of these
parameters, in pediatric patients with CKD compared
to a control group.

While analyzing the dynamics of the observed fluctua-
tions, the elevation of MCP-1 concentration was the earli-
est (CKD stage 1) and was seen concomitantly in the se-
rum and urine. These results were in agreement with our

Wl Control group CKD stage 1
Parameter (n=12) (n=10)

FE MCP-1 %] (0162'5387) (0.32856)
FE MCSF [%] (6,45;01%.67) (3,1322.649)
FE survivin [%] (0_7%?16.20) (0_5()56—4(‘)?79)
FETIMP-2 [9%] (01223336) (o,(?é(z%: 1

CKD stage 2 CKD stage 3 CKD stage 4 CKD stage 5
(n=12) (n=22) (n=16) (n=10)
0.69° 2.03° 345¢ 442°
(0.57-2.07) (0.99-3.39) (2.10-4.91) (4.19-5.54)
7.33b 16.33 28.74° 3247°
(4.83-17.54) (9.29-28.19) (16.89-40.28) (29.90-40.19)
0.79 1.14 2.79 3 4.26°%¢
(0.67-241) (0.73-2.95) (1.67-3.84) (2.95-14.55)
0.16° 0.28 0.87 24 1.20°
(0.14-0.48) (0.18-0.69) (0.47-1.02) (0.87-4.30)

Mann-Whitney U test: *p < 0.001 CKD compared to control group; °p < 0.001 CKD stage 2 compared to stage 1;“p < 0.001 CKD stage 3 compared
to stage 2;9p < 0.001 CKD stage 4 compared to stage 3; ¢p < 0.001 CKD stage 5 compared to stage 4. CKD - chronic kidney disease; FE - fractional
excretion; MCP-1 — monocyte chemoattractant protein 1; MCSF — macrophage colony-stimulating factor; TIMP-2 — tissue inhibitor of matrix

metalloproteinases-2.
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Table 4. Significant correlations between parameters

Parameter u survivin u TIMP-2 eGFR Proteinuria
[ng/mg creatinine] [ng/mg creatinine] [mL/min/1.73 m?% [g/dL]
s suirivin gl r=040 r=047 r=-091 r=042
9 p =0.0009 p = 0.00008 p = 0.0000001 p =0.003
r=033 r=042 r=-0.77 r=052
sTIMP-2 [ng/mL] p=0007 b= 00005 p = 0.0000001 p = 0.0002
FE survivin [%] r=047 r=0.55 r=-0.66 r=0.69
2 p = 0.00007 p = 0.000002 p =0.0000001 p = 0.0000001
1o r=0.60 r=0.68 r=-0.76 r=0.69
FETIMP-2 %] p = 0.0000001 p =0.0000001 p = 0.0000001 p =0.0000001
) P r=-035 r=-042 r=-046
S A AR p=0005 p = 0.0005 p=0001
S r=0.56 r=061 r=-046
Proteinuria (g/dL] p = 000004 p = 0.000005 p=0001

eGFR — estimated glomerular filtration rate; FE — fractional excretion; MCP-1 — monocyte chemoattractant protein 1; MCSF — macrophage colony-
stimulating factor; TIMP-2 — tissue inhibitor of matrix metalloproteinases-2; s — serum; u — urinary.

previous observations differentiating between mild and
advanced CKD.’ Similarly, Vianna et al.® described elevated
plasma MCP-1 levels in children with CKD.

The MCP-1 is a low-molecular-weight protein, freely
filtered through the glomeruli, and its early rise in urine
might be a simple consequence of increased serum concen-
tration. However, neither serum nor urinary MCP-1 cor-
related with eGFR, so together with the location of MCP-1
in the proximal tubules, these facts may suggest that this
molecule is secreted in situ into the urine. Another argu-
ment for this hypothesis is the correlation between MCP-1
expression and monocyte infiltration in the kidneys.?®
The latter may also explain the plateau phase of MCP-1 uri-
nary values prior to CKD stage 5, when MCP-1-dependent
monocyte migration is followed by their MCSF-dependent
transition into macrophages.

The clarification of the abovementioned doubts came
with the analysis of FE values. First, they had sur-
passed 1% by CKD stage 2, signaling the commencement
of tubular dysfunction. This observation was concordant
with our previous results concerning FE.?° Then, the FE
values of MCP-1 were higher compared to the controls
at stage 3, confirming the damage of tubular structure.
Interestingly, this rise was followed by the plateau phase
until stage 5. Thus, the FE rise followed the elevation
in urinary MCP-1 and was probably a response to the in-
creased serum concentration and net filtration through
the glomeruli. As a consequence, serum concentration
remained stable until CKD stage 4. A further increase
could not be balanced by the compensatory overactivity
of the proximal tubules, already damaged in the course
of CKD. Thus, the complex analysis of serum, urinary
and FE values of MCP-1 suggested early migratory and
inflammatory overactivity aimed at adjusting tubular
function to new conditions, until irreversible tubular
damage. Correlation of MCP-1 FE with proteinuria would
be of added value in the assessment of the early and com-
plex features of tubular damage in the course of CKD.

Not surprisingly, the MCSF serum elevation in CKD
stage 2 followed that of MCP-1 in CKD stage 1, likely de-
picting the transition of monocytes into macrophages that
comes after monocyte migration. Likewise, the lack of cor-
relation between eGFR and serum/urinary MCSF could
suggest a CKD-triggered systemic and kidney overproduc-
tion of MCSE. Moreover, urinary MCSF concentrations
(before correction for urine creatinine) were significantly
higher than those in the serum of both the controls and
the CKD patients, and this finding was specific to MCSF.
Thus, MCSF in situ renal production, aggravated by CKD
conditions, was a probable explanation.

The FE MCSF values above 1% in both the controls and
the children with CKD seemed to confirm the intra-renal
source of MCSF production. Moreover, FE values dimin-
ished significantly in CKD stage 1, suggesting early func-
tional response of proximal tubules to increased serum
MCSE. However, this mechanism turned out insufficient
in advanced CKD, when FE became higher than in controls,
most likely due to the tubular damage and subsequent ag-
gravated leakage of MCSF with urine. Of note, MCSF FE
correlated with proteinuria, making this parameter another
useful tool for the analysis of tubular damage in CKD pa-
tients. Moreover, the assessment of serum, urinary and
MCSE FE, confronted to corresponding serum, urinary and
FE values of MCP-1, suggested the sequence of inflammato-
ry and migratory activities during the early stages of CKD.

The early rise of survivin in the serum and its nega-
tive correlation with eGFR values could suggest an ac-
cumulation of the molecule. Moreover, serum survivin
was the only predictor of eGFR. Like MCP-1 and MCSE,
it is a protein that freely filters through the glomeruli.
However, its serum concentration in CKD stage 1 only
increased by 30%, whereas the elevation of the abovemen-
tioned chemokines under similar conditions was threefold.
Thus, this moderate elevation seemed to be independent
of additional triggers, like inflammatory factors, since sur-
vivin has shown no correlation with MCP-1.
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Further elevation of serum survivin in the course of CKD
progression was similar to our previous observations.!
This gradual and significant rise, stage by stage, was an-
other argument for the molecule accumulation along with
eGFR decrease. Surprisingly, it had no influence on urinary
survivin, which became elevated compared to the controls
no sooner than in CKD stage 4. This late increase of uri-
nary survivin, in accordance with our previous study'®and
together with its correlation with eGFR, could be explained
by the filtration of this molecule through the damaged tu-
bules rather than by in situ generation. It suggests a delayed
anti-apoptotic reaction in relation to pro-inflammatory
MCP-1 and MCSF overactivity.

The FE values of survivin were lower in CKD stage 1, mim-
icking the MCSF FE behavior and pointing at the probable
adjustment of tubular function to the increased survivin
content in the serum. However, they crossed the threshold
of 1% at CKD stage 2, confirming the early tubular dys-
function. The lack of elevation above the control values
before CKD stage 4 is another sign of the inefficient reac-
tion against excessive molecule loss through the urine.

Finally, serum and urinary survivin correlated with
proteinuria, and the FE values were able to predict it, sug-
gesting their usefulness in the assessment of structural
changes to the renal parenchyma, which are responsible
for kidney injury.

An early threefold rise in the serum TIMP-2 levels
of children with CKD stage 1 was followed by a plateau
phase until CKD stage 3 and a further rise until stage 5.
This pattern was specific to only this molecule. The nega-
tive correlation between TIMP-2 and eGER would suggest
accumulation, whereas the plateau phase concurring with
a decrease in eGFR would suggest concomitant systemic
generation. Indeed, TIMP-2 acts in concert with MMP-2
activity, starting early in the course of CKD.?* Therefore,
this elevation could be triggered by MMP-2 overactivity,
already perceptible at CKD stage 1.2*

As is the case with survivin, the early stages of CKD
did not demonstrate an increased net content of TIMP-2
in the urine. Thus, there was a probable mechanism pro-
tecting against excessive loss of TIMP-2 through the urine
and keeping the serum levels in balance until CKD stage 3.
The decrease in the FE values of TIMP-2 in CKD stage 1,
which were also observed in MCSF and survivin, would
suggest the increased tubular reabsorption of TIMP-2.
However, presence of the latter in the proximal tubules
is negligible. Instead, TIMP-2 expression and secretion
is strictly connected with the distal tubules.!” Thus, could
the probable mechanism be absorption in the proximal tu-
bules and secretion by the distal tubules? This hypothesis
requires verification in experimental studies.

Irrespective of the background, the process seemed effec-
tive until CKD stage 4, when the serum, urinary and FE
values of TIMP-2 increased concomitantly, ending the pre-
ceding plateau period. The late urinary increase, parallel
to that of survivin, could also be the sign of anti-fibrotic

1089

protective reaction, distant in time from pro-inflammatory
and migratory triggers.

As in the case of survivin, serum, urinary and FE values
of TIMP-2 correlated with proteinuria, adding to their role
as markers of tubular damage in pediatric CKD.

In summary, the multifaceted evaluation of serum, urine
and FE values of the examined parameters enabled a de-
tailed analysis of CKD-related kidney injury stage by stage,
suggesting the sequence of cell migration, inflammation
and fibrosis in light of the progressing tubular damage.

Finally, we have to acknowledge the limitations of our
study. Due to the lack of comparative data and reference
values for the majority of the parameters under study,
conclusions must be drawn cautiously. There is also a pos-
sibility of potential bias, caused by the relatively small
study group and the transverse design. However, both
the number of analyzed patients and the study design were
adjusted to the overall size of the pediatric population
with CKD.

Conclusions

Serum, urinary and FE values of MCP-1, MCSE, survivin,
and TIMP-2 may become a useful tool in the complex
assessment of CKD-related kidney injury, covering cell mi-
gration, inflammation, apoptosis, and fibrosis. The MCP-1
and MCSF FE values could serve as early markers of migra-
tion and inflammation, concomitant with tubular overac-
tivity. The FE values of survivin and TIMP-2 demonstrate
the late adjustment of protective anti-apoptotic and anti-
fibrotic mechanisms, as they appear once tubular damage
is already complete.
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