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Abstract
I nt rodu ct ion: The aim of this study was to evaluate changes in expression of
soluble biomarkers tumor factor growth-β1 (TGF-β1), CCL5/RANTES, and
sFas/Apo-1 in the urine of patients undergoing ureteropyeloplasty for ureteropelvic junction (UPJ) obstruction. These factors are connected with different
processes ongoing in the obstructive uropathy. If their urine concentrations correlate with AP diameter of the renal pelvis and differential function of the affected kidney, they can be helpful in making a decision on corrective surgery.
Material and methods: Creatinine, TGF-β1, CCL5/RANTES, and sFas/Apo-1 levels
were measured in the urine from the bladder and renal pelvis of 45 patients
undergoing ureteropyeloplasty and from bladders of 25 patients undergoing
inguinal herniorrhaphy.
Results: Levels of examined biomarkers were higher in the renal pelvis and bladder of children with UPJ obstruction as compared to controls: TGF-β1 in older
children and adolescents (p < 0.05), CCL5/RANTES in the youngest and older
children (p < 0.05), and sFas/Apo-1 in all patients (p < 0.05). Twelve months after
surgery their levels in the bladder decreased: TGF-β1 in younger and older children (p < 0.05), CCL5/RANTES in the youngest patients and adolescents (p < 0.05),
and sFas/Apo-1 in the youngest and older children (p < 0.05). A significant
decrease in the AP diameter of the renal pelvis post-operatively (32.09 mm vs.
18.72 mm) (p < 0.01) and significant improvement in renal function (36.94% vs.
42.76%) (p < 0.05) were observed in the examined group.
Conclusions : Mean TGF-β1, CCL5/RANTES, and sFas/Apo-1 urine levels are significantly increased in patients with UPJ and decreased 1 year after ureteropyeloplasty. Bladder concentrations of examined factors may be clinically useful
markers of obstruction.
Key words: obstructive uropathy, biomarkers, renal ultrasonography, renoscintigraphy.

Introduction
Ureteropelvic junction obstruction diagnosed prenatally occurs in
1 : 150 to 1 : 1200 pregnancies [1, 2]. Hydronephrosis can be a result of
anatomical or functional obstruction. It is diagnosed almost twice as often
in boys and can affect either one kidney (most often the left) or both kidneys [3–7].
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Increasing pressure in the renal pelvis stimulates
the renin-angiotensin system (RAS), which, in turn,
stimulates the expression of tumor necrosis factor
β1 (TGF-β1), the cytokine responsible for interstitial
fibrosis in the affected kidney [8–10]. A number of
factors associated with obstructive uropathy, such
as hypoxia, ischemia, cytokines, growth factors and
angiotensin II, lead to apoptosis of tubular epithelial cells [7]. Obstructive uropathy impairs the
growth of the developing kidney and is still the
most important cause of chronic renal insufficiency in children [1, 4, 11, 12].
Transforming growth factor β1 is a multifunctional cytokine crucial for embryonic development
and for repair and regeneration after tissue injury
[13]. Transforming growth factor β1 plays a critical
role in the regulation of collagen synthesis in the
extracellular matrix and in the synthesis of α-actin
of smooth muscles in the cells of the mesangium.
Transforming growth factor β1 is detectable in the
urine of patients with pathological conditions of
the urinary tract [8, 9, 14, 15].
Regulated on activation normal T-cell expressed
and secreted (RANTES) is a chemokine from the
β or CC subfamily, secreted by macrophages and
T lymphocytes [10, 12]. CCL5/RANTES is responsible
for the interstitial inflammatory changes in various
types of human glomerular diseases by activating
the migration of cells [15, 16]. However, its role in
obstructive uropathy is not clear.
sFas/Apo-1 (CD95) belongs to the tumor necrosis factor superfamily of cell membrane receptors.
Soluble Fas, detectable in serum and urine, can
antagonize cell-surface Fas function and suppress
apoptosis of cells by blocking the Fas ligand [17].
Serum and urinary excretion of sFas were ob served in patients with cancers, proliferative glomerulonephritis and idiopathic pulmonary fibrosis [18].
The aim of this study was to evaluate changes
in expression of soluble biomarkers TGF-β1, CCL5/
RANTES, and sFas/Apo-1 in the urine of patients
undergoing ureteropyeloplasty for ureteropelvic

junction (UPJ) obstruction. Accordingly, measurements were obtained of the TGF-β1, CCL5/RANTES
and Fas (sFas/Apo-1) levels in children with and
without UPJ obstruction in order to 1) assess their
correlation with the anterior-posterior (AP) diameter of the renal pelvis measured by ultrasound,
2) assess by renoscintigraphy their correlation with
the differential function of the obstructed kidney
before and 1 year after surgery, 3) determine
whether the levels of the biomarkers in the urine
change after correction of the hydronephrosis. We
choose these three biomarkers because each of
them is connected with a different process ongoing in the obstructed kidney. If urine concentration
of any of these biomarkers correlates with AP diameter of the renal pelvis and the differential function
of the kidney, it can be helpful in making a decision
on the right time for corrective surgery.

Material and methods
Between 2002 and 2006, 45 consecutive patients (30 boys and 15 girls) aged 1 month to
18 years (mean 8.4 ±5.66 years) underwent surgery for unilateral obstructive hydronephrosis. The
left kidney was the most commonly affected
(33/45 – 73.3%). We divided the children into three
age subgroups based on stages of kidney maturation (Table I). Unilateral UPJ obstruction was
diagnosed preoperatively by ultrasound in all
45 patients, intravenous pyelogram (IVP) in 29 patients (64.4%) and dynamic renoscintigraphy in
31 pa tients (68.9%). The studies were repeated
12 months post-operatively. Renal obstruction was
confirmed with dynamic renoscintigraphy, using
technetium labeled diethylenetriaminepentaacetic
acid (DTPA). Prolonged half-time drainage (20 min
or more), differential renal function (DRF) less than
40% and/or an obstructive washout curve pattern
during the diuretic phase were used as diagnostic criteria for obstruction. Intravenous pyelogram
criteria for obstruction were based on a greater
than 1-hour ureteral filling time, renal pelvic and

Table I. Age, sex and number of patients with hydronephrosis and of controls
Age
subgroups
[years]

Obstructed children
Mean age
(SD) [years]

F

M

Total
n (%)

Young children
(0–2.0)

0.56 (0.56)

1

6

7 (15.6)

Older children
(2.1–10)

5.99 (2.70)

8

12

Adolescents
(10.1–18)

14.16 (2.74)

6

Total

8.41 (5.66)

15

Hydronephrosis
left-sided

Controls
Mean age
(SD) [years]

Patients
n (%)

4/7 (57.1)

1.48 (0.71)

5 (20)

20 (44.4)

16/20 (80)

5.12 (1.5)

5 (20)

12

18 (40)

13/18 (72.2)

12.05 (1.11)

15 (60)

30

45 (100)

33/45 (73.3)

5.78 (3.73)

25 (100)

F – female, M – male, SD – standard deviation
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calyceal dilatation, and renal cortical index (RCI)
greater than 0.4 [19].
All patients with obstruction underwent open
dismembered ureteropyeloplasty. A renal pelvis
urine sample was obtained by needle aspiration
before the ureteropyeloplasty was performed.
A bladder urine sample was obtained via spontaneous voiding 1 h before operation and 12 months
post-operatively.
The control group consisted of 25 healthy patients, aged 7 months to 13 years (mean age 5.8
±3.73 years) who underwent inguinal hernia repair
in the years 2002–2005. They were divided into
three age subgroups corresponding with the subgroups of obstructive patients (Table I). These children provided bladder urine samples by spontaneous voiding 1 h before surgery.
Creatinine levels were determined in all samples
of urine using a clinical commercial laboratory. Samples were centrifuged (2000 g) for 10 min at +4°C,
and stored at –20°C until the moment of assessment.
Concentrations of examined factors (TGF-β1, CCL5/
RANTES, sFas/Apo-1) were measured in duplicate
using immunoenzymatic (ELISA) commercial kits (catalog no. KAC1681, KHC1032, KHS9502, BIOSOURCE
INT., Camarillo, CA, USA). The results of all 3 cytokine
concentrations were related to the urine creatinine.
Informed consent was obtained from parents of
patients of the examined and control groups.

Statistical analysis
Shapiro-Wilk W test showed the lack of normal
distribution of the examined biomarker values;
therefore nonparametric tests, Mann-Whitney
U test and Wilcoxon test, were used for statistical
analysis. Renal pelvis antero-posterior diameter values had normal distribution and were compared by
t-test. Statistics PL 6.0 for Windows was used for
statistical analysis.
5000
4500

3869
±1062.34

4000
TGF-β11 [pg/mg Cr]

At the time of the procedure the renal pelvic levels of TGF-β1 were significantly higher than controls
in older children (3869.00 ±1062.34 pg/mg Cr vs.
1370.29 ±322.70 pg/mg Cr; p < 0.05) and in adolescents (1283.54 ±632.12 pg/mg Cr vs. 481.50
±139.57 pg/mg Cr). Tumor growth factor-β1 urine
concentrations in the renal pelvis (4495.18 ±818.01
pg/mg Cr) and bladder (4652.33 ±756.16 pg/mg Cr)
of younger children were significantly higher
(p < 0.001) than in adolescents (respectively 1283.54
±632.12; 854.43 ±196.65 pg/mg Cr). Mean bladder
concentration of TGF-β1 before the operation
differed significantly between younger children
(4652.33 ±756.16 pg/mg Cr), older ones (1727.09
±431.17 pg/mg Cr; p < 0.01) and adolescents (854.43
±196.65 pg/mg Cr; p < 0.001). Mean bladder concentration of TGF-β1 decreased significantly 12
months after surgery in younger (4652.33 ±756.16
pg/mg Cr vs. 595.44 ±79.65 pg/mg Cr; p < 0.05) and
older patients (1727.09 ±431.17 pg/mg Cr vs. 602.84
±116.29 pg/mg Cr; p < 0.05) (Figure 1).
At the time of the procedure the renal pelvic levels of CCL5/RANTES were significantly higher compared with controls, in the youngest children (780.12
±653.56 pg/mg Cr vs. 351.86 ±110.19 pg/mg Cr;
p < 0.05) and in older children (312.23 ±92.06 pg/mg
Cr vs. 204.03 ±42.47 pg/mg Cr; p < 0.05). The CCL5/
RANTES level in the renal pelvis (780.12 ±653.56
pg/mg Cr) and bladder (768.33 ±293.18 pg/mg Cr) of
the youngest patients was two times higher than
levels measured in older children (respectively 312.23
±92.06; 188.40 ±46.90 pg/mg Cr; p < 0.05) and five
times higher than in adolescents (respectively 150.63
±91.63; 135.19 ±58.35 pg/mg Cr; p < 0.01). The CCL5/
RANTES level in the bladder decreased 12 months
after ureteropyeloplasty in the youngest children
(50.68 ±24.27 pg/mg Cr; p < 0.05) and in adolescents
(39.57 ±13.33 pg/mg Cr; p < 0.05) (Figure 2).
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±756.16
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Results
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Figure 1. Mean urine concentration of TGF-β1 in renal pelvis (RP), bladder, and bladder 1 year after operation (Post-op. Bl)
in consecutive age subgroups and controls
Results presented as mean ± SD
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Figure 2. Mean urine concentration of CCL5/RANTES in renal pelvis (RP), bladder, and bladder 1 year after operation
(Post-op. Bl) in consecutive age subgroups and controls
Results presented as mean ± SD

At the time of the procedure the renal pelvic and
bladder levels of sFas/Apo-1 were significantly elevated compared with controls, in the youngest
(respectively 3.19 ±1.42; 2.86 ±0.55 vs. 1.07 ±0.60
ng/mg Cr; p < 0.05), older children (3.17 ±1.64; 3.24
±1.33 vs. 0.98 ±0.18 ng/mg Cr; p < 0.05) and in adolescents (1.06 ±0.64; 1.00 ±0.35 vs. 0.33 ±0.04
ng/mg Cr; p < 0.05). Before the surgery the bladder
levels of sFas/Apo-1 were most elevated in older
children (3.24 ±1.33 ng/mg Cr). The sFas/Apo-1 bladder levels decreased 12 months after ureteropyeloplasty in the youngest (1.45 ±0.47 ng/mg Cr;
p < 0.05) and in older patients (1.12 ±0.31 ng/mg Cr;
p < 0.05). One year after surgery the levels of
sFas/Apo-1 measured in urine obtained from the
bladder in all operated children normalized to the
level of controls (Figure 3).
The mean antero-posterior (AP) diameter of the
renal pelvis decreased significantly 1 year after the
operation in the entire examined group (32.09

3.19
±1.12

3.5

3.17
±1.24

2.86
±0.55

3.0
sFas/Apo-1 [ng/mg Cr]

±14.98 mm vs. 18.78 ±8.34 mm; p < 0.01), as well
as in the consecutive ge subgroups (p < 0.05,
p < 0.05, p < 0.01). The greatest AP diameter of the
renal pelvis before and after surgery was found in
adolescents (39.12 ±16.34 mm vs. 23.75 ±8.45 mm).
No correlation was found between AP diameter of
the renal pelvis and the bladder urine levels of
examined factors before or 12 months after surgery.
The mean differential function of the affected
kidney evaluated by renoscintigraphy improved
significantly 1 year after the operation in the entire
examined group (36.94 ±13.81% vs. 42.76 ±11.17%;
p < 0.05), and in older children (39.5 ±11.91% vs.
44.4 ±9.23%; p < 0.05). The pre-operative function
of the obstructed kidney in adolescents was the
worst in the entire group (30.27 ±12.81%) and it
did not reach the normal range of values postoperatively (35.89 ±12.95%). No correlation was
found between the differential function of the
affected kidney and the bladder urine levels of
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Figure 3. Mean urine concentration of sFas/Apo-1 in renal pelvis (RP), bladder, and bladder 1 year after operation
(Post-op. Bl) in consecutive age subgroups and controls
Results presented as mean ± SD
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examined factors before or 1 year after the operation.

Discussion
The decision of surgical treatment for hydronephrosis is still based on the results of imaging
methods. Currently, approximately 80% of hydronephrosis diagnoses are established in children
within the first year of life by ultrasound [3, 20].
Surgical repair of obstruction is the optimal and
most effective treatment in 93–96% of cases [4,
6]. Despite the functional release of obstruction,
chronic nephropathy may persist and sometimes
progress through activation of profibrotic signaling. However, a study of Rosen et al. based on the
results of renal biopsies performed in children with
congenital UPJ obstruction undergoing pyeloplasty revealed in most of them a relatively wellmaintained parenchyma with mainly glomerular
changes [21].
In our study we demonstrated that in children
with upper urinary tract obstruction, TGF-β1 has the
highest urine concentration in the renal pelvis,
which is convergent with the results of research
from Chicago and Mansoura [8, 9]. However, in our
patients TGF-β1 concentration in the bladder 1 year
after surgery was lower than values observed in
controls, especially in children under 10 years. Furness et al. [8] and Taha et al. [22] reported that the
renal pelvis and bladder levels of TGF-β1 were significantly higher in younger patients. Chevalier tried
to explain this fact by suggesting that the kidney,
just after nephrogenesis, is more sensitive to the
injury caused by the increasing pressure in the renal
pelvis, while in older children, resilience of the tubular cells decreases [2]. Although we observed the
highest levels of TGF-β1 in children under 2 years,
significantly elevated levels were also found in older children and adolescents. El-Sherbiny et al. and
Taha et al. observed a decrease of urine bladder
level of TGF-β1 with every month after surgery
[9, 22]. The low concentration of TGF-β1, which we
observed in all children 1 year post-operatively, can
be explained by aggravated suppression of
macrophage infiltration (macrophages being an
important source of TGF-β1 production).
CCL5/RANTES levels show similar dynamics of
change over time as were observed with levels of
TGF-β1. The current study revealed the highest
mean concentration of CCL5/RANTES from the renal
pelvis in patients under 10 years, which indicates
its local production in the obstructed kidney. These
values were higher than in controls under 10 years,
which is an important clinical observation. The increasing expression of CCL5/RANTES and its receptors CCR1, 3 and 5 was confirmed in experimental
hydronephrosis in mice [23]. Shortly after injury
renal cells release chemokines which mediate
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lymphocyte infiltration during the initiation phase
of renal disorder. The infiltrating leukocytes secrete
more chemokines and cytokines responsible for
fibrosis of the kidney [10, 12, 24]. Levels of this
chemokine in our patients significantly decreased
one year after ureteropyeloplasty. After relief of
obstruction the expression of CCL5/RANTES is
decreased. However, the fibrotic changes were
reported to remain despite low levels of CCL5/
RANTES 12 months after surgery [10].
The mean urine concentration of soluble Fas
(sFas) was markedly elevated at the time of the
operation in the renal pelvis and bladder of all
examined children, which proves the local production of this factor in the kidney. Its concentration
was diluted in the bladder urine, but was still higher than in controls. We observed its highest bladder level in children operated before 10 years of age.
sFas urine concentration is the resultant of cell
apoptosis and fibrogenesis, which are not present
in the early stage of nephropathy. The sFas/Apo-1
is produced as an alternatively spliced variant of
Fas, and its release can be regulated by different
mechanisms. Some of them are activated in fibroblasts in which synthesis is strongly stimulated by
TGF-β1 [17]. One year after ureteropyeloplasty, the
mean sFas/Apo-1 concentration normalized in the
investigated group to the level of controls. It is difficult to say how important is the role that sFas/
Apo-1 plays in fibrogenesis in obstructive uropathy.
The main investigated factor responsible for that
process is TGF-β1, but sFas sustains fibrogenesis
through disturbing cell apoptosis [18].
Progressive fibrosis and apoptosis affect not only
the kidney, but the collecting system as well [17].
The AP diameter of the renal pelvis, measured by
ultrasound, is a basic examination in obstructive
uropathy. Because of availability of equipment and
the non-invasive character of the study, this method
is used for screening and monitoring the size of the
renal pelvis pre- and post-operatively. We found
a weak and non-significant correlation between AP
diameter of renal pelvis and sFas/Apo-1 bladder
urine concentration before and after surgery in the
youngest children. The correlation would probably
become significant with a larger number of patients.
Renoscintigraphy is used to assess renal function,
secretion and excretion of urine. We found no correlation between urine levels of the studied factors
and differential function of the affected kidney. Similar findings were reported by El-Sherbiny et al. in
relation to TGF-β1 [9].
Our study showed that all three measured
factors were significantly elevated in the urine obtained from the renal pelvis and bladder of children with UPJ obstruction as compared to nonobstructed healthy controls. These levels decreased
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after pyeloplasty. This observation may be useful
as an additional tool to monitor hydronephrosis
during the first 2 years of life in cases with stable
diameter of the renal pelvis and renal mass. We
observed that urine concentrations of examined
biomarkers vary with the age of children, both
obstructed and controls. The results were similar
to those reported by Lee et al. [25].
Although reports in 2008 and 2010 on a new
proteomic urine test revealed a new decisive tool
in children with UPJ obstruction [25, 26], further
longitudinal studies on TGF-β1, CCL5/RANTES, and
sFas/Apo-1 urine concentrations are needed. Our
data strongly suggest utility of measuring urine biomarkers as a clinically important tool in evaluation
of hydronephrosis in children under 10 years.
The limitation of the present study, in our opinion, was the number of patients in the consecutive
age subgroups, which influenced the statistical correlations.
In conclusion, the data show that the TGF-β1,
CCL5/RANTES, and sFas/Apo-1 urine concentrations
are significantly increased before the corrective
operation in patients with hydronephrosis, as compared with the healthy patients. The bladder urine
levels normalized 1 year after corrective surgery.
Our findings indicate the usefulness of TGF-β1,
CCL5/RANTES, and sFas/Apo-1 urine concentrations
as markers of renal function in children with obstructive uropathy under 10 years of age, but they
need further investigation on larger groups of
patients.
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