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Abstract

Context: Heme oxygenase-1 (HO-1) is implicated to be correlated with renal function in oxidative stress.
Objective: To determine whether urinary (u) HO-1 is associated with the progression of congenital obstructive

hydronephrosis (HN).

Methods: A total 50 children with HN (study group and control 1) and 30 healthy children were enrolled in this study.

Results: The uHO-1/cr levels increased significantly and negatively correlated with split renal function in study group
before and during surgery. One month after surgery, it decreased significantly.

Conclusion: Increased uHO-1 levels could be a potential biomarker for evaluating the progression of obstructive

nephropathy.
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Introduction

Ureteropelvic junction obstruction (UPJO) is.a common
cause of obstructive nephropathy. The prevalence of this
abnormality in children is 1.in 1500 of the general popu-
lation (Chevalier et al. 2010). The etiology of UPJO is mul-
tifactorial and polygenic, similar to most other anomalies
of the urinary tract. Treatment of hydronephrosis ranges
from early surgical repair to long-term conservative
management. The nonoperative treatment approach to
congenital UPJO, albeit justified, carries a 30% risk of
deterioration necessitating subsequent surgery (Bajpai
et al. 2002). This controversy has generated interest in
UPJO as a possible cause of progressive renal damage in
children.

Currently, available clinical tests, including renal
ultrasonography, nucliderenal scans or plasma, and urine
creatinine concentration are not good predictors of the

future course of the disease, stressing the urgent need for
new, simple markers of the obstructive nephropathy that
may be useful in the clinical assessment of the suitability
of patients for surgical therapy and renoprotective
intervention. Renal biopsy is essential for assessing the
degree of inflammation and tubulointerstitial damage.
However, biopsy is invasive, associated with serious
complications in rare cases, and cannot be frequently
repeated to evaluate therapeutic response. In contrast,
urine can be collected noninvasively and analyzed
repeatedly (Mehta et al. 2007; Nguyen & Devarajan 2008).
Thus, urinalysis would be highly advantageous if it could
augment the insights gained from renal biopsy. Recently,
emerging urinary biomarkers of renal disease or injury,
such as neutrophil gelatinase-associated lipocalin
(NGAL) and kidney injury molecule (KIM-1) (Sasaki et al.
2011; Tramonti & Kanwar 2011) have been reported that
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can act as noninvasive and relatively inexpensive tools
for assessing the degree and characteristics of chronic
inflammation and tubulointerstitial damage. More
recently, the interest of clinicians has focused on the
potential of heme oxygenase-1 (HO-1) as a biomarker
(Yokoyama etal. 2011). In this study we assessed the urine
level of HO-1 molecule as a marker of renal function in
children with congenital hydronephrosis (HN).

The histopathology of chronic obstructive nephropa-
thy is characterized by glomerulosclerosis, tubular atro-
phy, interstitial inflammation and fibrosis, and oxidative
stress. Several investigators have focused on oxidative
stress as a major contributor to the pathogenesis of renal
fibrosis and epithelial mesenchymal transition (EMT)
in unilateral ureteral obstruction (UUO) model, as well
as renal tubular apoptosis (Dendooven et al. 2011; Yeh
etal. 2011). The increased expression of HO-1 was found
at very high levels in renal tubular epithelial cells under
conditions of oxidative stress in ureteral obstruction
models (Yang et al. 2003).

HO-1 is the rate-limiting enzyme in the degradation of
heme and results in the release of equimolar quantities
of biliverdin, iron, and carbon monoxide (CO) (Maines
1997). Normally, HO-1 protein is weakly expressed in
the cortex and in the outer medulla of kidney. In oxida-
tive stress, HO-1 plays a pivotal role in maintaining renal
function and protecting renal structure, especially in
renal tubular epithelial cells (Yang et al. 2003). Moreover,
other studies have shown that HO-1 mRNA is induced
in the kidney as early as 3-6 h in animal models of both
ischemia/reperfusion and nephrotoxin-induced acute
kidney injury (AKI) (Agarwal et al. 1995; Nath et al. 2000).
It is discovered that HO-1 induction exerts a protective
effect on renal function in animal models of rhabdo-
myolysis, cisplatin nephrotoxicity, and nephrotoxic
nephritis (Nath 2006). Further, the products of heme
degradation have a protective role in AKI. Another char-
acteristic of HO-1 that makes it an ideal biomarker for
kidney injury is its expression within the damaged renal
tubular epithelial cells, which drop off into the cavity of
renal tubules (Yokoyama et al. 2011). The uHO-1 level
has been documented to be closely related to ongoing
inflammation and oxidative damage in renal tubular
epithelial cells and to correlate with kidney tissue dam-
age. Clinical studies have documented that uHO-1 is up-
regulated in tubules of patients with inflammatory renal
disease and IgA nephropathy and that it is associated
with proteinuria and its consequence, such as tubuloint-
erstitial inflammatory damage (Yang et al. 2003; Shimizu
et al. 2005). These results have led to the suggestion that
uHO-1 may be a promising, non-invasive biomarker of
chronic tubulointerstitial damage.

The aim of the case-control study, reported here, was
to evaluate uHO-1 levels in young children and adoles-
cents affected by severe congenital HN caused by UPJO.
We also assessed the possible clinical application of
uHO-1 as non-invasive diagnostic and predictive bio-
marker in UPJO.

Materials and methods

Patients and subjects

This was a case-control prospective study performed
in children with severe congenital HN caused by UPJO,
who were diagnosed at the Department of Pediatrics and
treated at the Urology Department of the First Affiliated
Hospital of Zhengzhou University, Zhengzhou, Henan,
China. The study was performed from January 2010 to
October 2011. Healthy children were chosen from those
referred to a pediatric outpatient clinic of the Zhengzhou
Children Hospital, Zhengzhou, Henan, China, where all
children are periodically monitored for their develop-
ment and growth. All caregivers of the children were
interviewed and gave informed consent for the children
to participate in the study. The study was approved by
the ethics committee of our Medical Faculty. Written
informed consents were obtained from all patients’ par-
ents before study entry.

The children were categorized into three groups: one
study group and two types of control groups. The study
group included 25 children (19 boys, 6 girls; average age:
2.37 + 0.66 years) with severe HN due to unilateral, criti-
cal degree ureteral stenosis, who underwent pyeloplasty
by the Anderson-Hynes method. The first control group
(control 1) included 25 children with mild, non-obstruc-
tive HN (17 boys, 8 girls; average age: 7.13 * 0.65 years)
who did not require pyeloplasty. The second group (nor-
mal control) consisted of 30 healthy children (16 boys, 14
girls; average age: 5.95+0.70 years). All the children had a
routine renal ultrasound examination.

All 25 children in the study group had a prenatal diag-
nosis of unilateral hydronephrosis during the routine fetal
ultrasound. All children were reevaluated after birth by
abdominal ultrasound and technetium-99m diethyllen-
etriamine pentaacetic acid (*™Tc-DTPA) diuretic renog-
raphy. A postnatal diagnosis of UPJO was determined on
the positive findings of renal ultrasonography and radio-
nuclide renal scans. Then it was confirmed by the histo-
logic findings of the obstructed segment, which included
various histologic changes within the narrow segment,
such as an increase of perifascicular fibrosis, thickening
of muscularis propria thickness, and inflammatory cells
infiltration in the lamina propria. The degree of HN was
graded according to the Society for Fetal Urology (SFU)
classification: Grade I represents a split pelvis; Grade II
is further dilation of the renal pelvis, with a few visual-
ized calyces permissible; Grade III is renal pelvis dila-
tion, with many distended calyces; Grade IV is a Grade
IIT appearance with the addition of thinned parenchyma
(Fernbach et al. 1993). The diagnosis of non-obstructive
HN (control 1) was made when there was no change in
split renal function (SRF) and the clearance half-life (,,)
on the follow-up *"Tc-DTPA diuretic renography; and
stationary HN on the renal ultrasonography.

Criteria for inclusion in the study group were: an age
of 1 month-18 years; unilateral pelvicaliceal system
dilation; a *™Tc-DTPA diuretic renography suggested
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unilateral UPJO (study group) and SRF available. A SRF
of the affected dilated kidney of >45% was considered
normal and a SRF of <45% was considered abnormal.
No patients had a urinary tract infection before surgery.
Exclusion criteria were associated anomalies, including
vesicoureteral reflux, ureterovesical junction obstruction
and posterior urethral valves obstruction, bilateral
hydronephrosis, previous operation on the urinary
system and other deformations of the external genital
organs, lower urinary tracts anomalies, urinary stones,
neurogenic bladder dysfunction, and “supranormal
function” of the affected kidney (SRF >55%).

Urine sample collection

In the study group, the urine samples were collected three
times: the first morning voided urine samples obtained
preoperatively (Test one); urine samples from affected pel-
vis obtained during the pyeloplasty (Test two); first morning
voided urine samples collected 1 month after pyeloplasty
(Test three). The clinical work-up included the analysis of
medical charts to determine age, gender, laterality, and
grade of hydronephrosis, anteroposterior (AP) pelvic diam-
eter, age at diagnosis, method of treatment, as well as SRE
The biochemical work-up included the determination of
serum creatinine concentration, urine creatinine concen-
tration, and glomerular filtration rate (mL/min/1.73 m?),
estimated by the Schwartz formula (eGFR). The urine was
aseptically collected between 7 and 8 am from the morning
sample. The concentration of creatinine in the urine and
blood samples was measured with a Modular P800 auto-
matic biochemistry Analyzer (Roche Diagnostics, GmbH,
Mannhein, Germany). Fresh urine samples (10 mL) were
centrifuged for 5 min (500g, at 4°C). Supernatants were dis-
carded. Sediment samples were washed twice with phos-
phate-buffered saline (PBS) (10 mL). These samples were
maintained at -80°C for future uHO-1 ELISAs.

Enzyme-linked immunosorbent assay (ELISA) for
uHO-1 evaluation

The uHO-1 levels in sediment lysates were evaluated
by ELISA according to the manufacturer’s instructions
(StressXpress™ Human HO-1 ELISA Kit; Stressgen
Biotechnologies Corp., Victoria, Canada). Lysates were
prepared according to the guidelines of the HO-1 ELISA
Kit. The urinary creatinine concentration was used to
normalize HO-1 measurements to account for the influ-
ence of urinary dilution on its concentration. The uHO-1
levels were expressed as uHO-1/cr. ratio in nanograms
per milligram creatinine (ng/mg cr.).

Statistical analysis

All statistical analyses were done with SPSS 16.0 (SPSS
Inc, Chicago, IL,USA) for windows software. All values
were presented as means + SE. Nonparametric statis-
tics was chosen, as the patient population of this study
was relatively small. Statistical analysis was performed
using the nonparametric Mann-Whitney U test. The
receiver operating characteristic (ROC) curve was used to
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determine the cut-off values of uHO-1 that gave the best
sensitivity and specificity. Correlation analysis was used
for the comparisons. Bivariate analysis was presented as
Pearson or Spearman correlation coefficient. Pvalues less
than 0.05 were considered to be statistically significant.

Results

Table 1 shows clinical and laboratory data. In our
study, boys were more frequently affected with HN
than girls, which have also been reported in the lit-
erature (Kajbafzadeh et al. 2010). The left kidney was
more commonly involved than the right kidney (31:19,
respectively). Mean age at pyeloplasty was approxi-
mately 2 years. Grade I HN was present in five children
(10%), and Grade II, III, IV HN were present in 13 (26%),
18 (36%) and 14 (28%) children, respectively. The SRF
in the study group was markedly lower than that in
patients from control 1 (p < 0.01). A radionuclide scan
was not performed in healthy children (normal con-
trol), so the SRF was not evaluated in this group. The AP
pelvic diameter was found to be significantly higher in
the study group than in control 1 group (p < 0.05).
Table 2 shows that the uHO-1 and uHO-1/cr. levels
before surgery and during surgery were significantly
greater in the study group than in control 1 and healthy
control (p < 0.01). One month after surgery, uHO-1/cr.
decreased significantly in the study group compared with

Table 1. Summary of the clinical parameters of all studied patients
(mean + SE).

Clinical

parameters Study group Control 1 Normal control

Gender, n 25(19/6) 25(17/8) 30(16/14)

(male/female)

Age at diagnosis  1.60 + 0.58 5.39+0.87 -

(years)

Age at the 2.37 £0.66 7.13 £0.65 5.95+0.70

moment of

examination

(years)

Clinical diagnosis (SFU grading)
Grade I - 5 _
Grade II - 13 -
Grade III 11 7 -
Grade IV 14 - -

Laterality (left/ 17/8 14/11 -

right)

Splitrenal func-  38.9 £ 1.3** 45.6 0.7 -

tion (%)

AP at prepyelo- 39.2+1.9* 32.8+1.2 -

plasty (mm)

Estimated glo- 154 + 5.5** 184.8+7.2 155.5+4.6

merular filtra-

tion rate (mL/

min/1.73 m?)

Data are shown as mean + SE.

SFU, the society for fetal urology; AP, anteroposterior.
*p < 0.05 versus Control 1.

**p < 0.01 versus Control 1.
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Table 2. Urine concentration of HO-1 in patients with UPJO (study
group and control 1) and normal control (mean + SE).

Test/group uHO-1 (ng/mL)
Test One (voided 2.04 +0.33*¢
urine before
pyeloplasty)

Test Two (urine
sanples from affected
pelvis during surgery)
Test Three (voided
urine one month after
surgery)

Control 1 (children
with mild, non-
obstructive
hydronephrosis)
Normal control

uHO-1/cr (ng/mg cr.)
4.23 +0.53%¢

2.07 £0.26%° 4.43 £ 0.50*¢

2.11 £0.22%¢ 1.73 £ 0.25b¢

0.84+0.11°¢ 1.04 £0.21¢

0.36 + 0.06

Data are shown as mean + SE.

uHO-1, urinary heme oxygenase-1; cr., creatinine; UPJO,
ureteropelvic junction obstruction.

p < 0.01 versus Control 1 group.

bp < 0.05 versus Control 1 group.

p < 0.01 versus Normal control group.

4p < 0.05 versus Normal control group.

0.56 +0.1

that before surgery (p < 0.01), but was still higher than
that in control 1 group (p < 0.05). The uHO-1 and uHO-1/
cr. levels were markedly lower in normal control than
that in control 1 group (p < 0.01, p < 0.05, respectively).

A negative correlation between the uHO-1/cr. ratio
and SRF was found before surgery (r = -0.593, p = 0.002)
and during surgery (r = —0.452, p = 0.023) in the study
group. No statistically significant correlation was found
in control 1 group. Moreover, we did not find any sig-
nificant correlation between uHO-1/cr. ratio with serum
creatinine level and age of patients, eGFR, and initial AP
diameter of the pelvis.

Receiver-operator curves (ROC) analysis were per-
formed to define the diagnostic profile of uHO-1 in iden-
tifying children with an obstructive kidney condition
(SRF <40%) among children with severe and mild HN
(study group and control 1) and children with abnormal
SRF (<45%) among all examined children. In the first
analysis in children with HN, we found that uHO-1/
cr. showed quite good diagnostic profile, describing an
area under the curve (AUC) for uHO-1/cr. of 0.767 [95%
confidence interval (CI) 0.624-0.910] with a best cut-
off value of 1.92 ng/mg cr. (sensitivity 72.2%, specificity
78.1%). In a subsequent analysis, we assessed the sensi-
tivity and specificity of uHO-1/cr. as biomarker of kidney
injury (SRF <45%). In this analysis, the AUC for uHO-1/cr.
was 0.812 (95% CI 0.686-0.937) with a best cut-off value
1.215 ng/mg cr. (sensitivity 76.7%, specificity 80%). ROC
analysis for uHO-1 not corrected for urinary creatinine
showed similar values.

Discussion

In clinical practice there are no clear indications for
the timing of surgical intervention to prevent the

kidney injury while evaluating and treating patients
with obstructive nephropathy. It has been reported
that only 19-29% of children with prenatally diagnosed
UPJO require surgical intervention (Chertin et al. 2006).
Although diuretic renography and ultrasound evaluation
assist the clinician to establish the presence and degree
of UPJO, there is an urgent need to look for potential bio-
markers in patients’ fluids, preferably urine, which would
enable the early detection of obstructive nephropathy
and renal function deterioration.

To assess the feasibility of HO-1 as a biomarker of
obstructive nephropathy, we compared the magnitude
of the alternation in its concentration in urine at different
periods of time in children with confirmed HN with the
levels in healthy children and in children with mild, non-
obstructive HN. We also calculated the accuracy and sen-
sitivity of uHO-1 in children with HN, according to the
SRF of the affected kidney in a renal nuclide scan, using
ROC analysis. To the best of our knowledge this study is
the first report that assesses the concentration of uHO-1
in children with HN due to UPJO.

Aswe known, the mechanisms of obstructive nephrop-
athy in UPJO have been identified to consist of the fol-
lowing cellular hallmarks: tubular dilatation, phenotypic
cellular transition and cell apoptosis; interstitial inflam-
mation; as well glomerulotubular injury and progressive
renal fibrosis with loss of renal parenchymal (Chevalier
2006). Oxidative stress contributes importantly to the
pathogenesis of unilateral ureteral obstruction (UUO)
(Dendooven et al. 2011; Yeh et al. 2011). Among other
pathways, oxidative stress has been shown to promote
epithelial-to-mesenchymal transition. Various markers
of oxidative stress are increased in UUO kidneys. Oxidant
stress response molecules like heat shock protein-70
(HSP-70), heat-shock protein-27 and HO-1 are strongly
expressed after UUO (Dendooven et al. 2011).

In our study, the uHO-1 level was significantly ele-
vated in patients who had developed an obstructed kid-
ney but not yet undergone pyeloplasty. One month after
surgery, the concentration of uHO-1 had decreased sig-
nificantly, but did not reach the value found in children
with dilated, but not obstructed kidney (control 1) (p <
0.05). The uHO-1 levels in patients from the study group
were significantly different from those of both control
groups (p < 0.05). Moreover, we detected low concentra-
tions of uHO-1 in the urine of healthy controls, which
was contrary to the study reported by Yokoyama T et al
(Yokoyama et al. 2011).

The mechanism for increase of HO-1 in patients
with dilated and obstructed pelvis is not clear. HO-1
is constitutively expressed within distal tubular renal
epithelial cells but is induced by oxidative stress within
proximal tubular renal epithelial cells (Yang et al. 2003;
Shimizu et al. 2005). It plays a pivotal role in maintaining
renal function and protecting renal tubular epithelial
cells under conditions of oxidative stress (Maines 1984;
Kanwar2001). Real-time monitoring of uHO-1 expression
profiles may thus offer precise and valuable information
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regarding oxidative stress endured by tubulointerstitial
cells at a given moment. In UUO models, it has been
found that transforming growth factor (TGF-f1) can
induce a cytoprotective enzyme, HO-1 in renal proximal
tubular cells (Traylor et al. 2007). Taha et al. (2007)
confirmed that urinary TGF-f1 showed an initial
significant increase in the first month after pyeloplasty
in the children with UPJO, which might explain the fact
that uHO-1 level was still elevated in our study patients
1 month after pyeloplasty. Interestingly, the difference
in uHO-1 concentration in voided urine before
pyeloplasty and pelvic urine from the affected kidney
was not statistically significant (p > 0.05). One possible
explanation for this observation may be that intact
contralateral kidney undergoes compensatory growth
that is proportional to the duration of the obstruction.
In this situation, the source of the uHO-1 in the voided
urine may also be the contralateral kidney. Moreover, the
phenomenon that the urine from the obstructed kidney
is diluted in the bladder with urine from the contralateral
kidney is also inevitable. Although it has been shown that
contralateral compensatory renal growth is dependent on
the severity and duration of obstruction and takes place
at the single nephron level (Yoo et al. 2006), in the clinical
setting, these parameters are often unpredictable, so the
contribution from the opposite kidney cannot be truly
assessed and the expression of HO-1 in the contralateral
kidney cannot be confirmed. Fortunately, in the present
study, there was a positive correlation between the levels
of uHO-1 in voided urine and those in the affected pelvis
(p < 0.01, data not shown), which suggesting a valuable
role for preoperative voided urine HO-1 in predicting
intrapelvic level.

In the present study, the concentrations of uHO-1 in
the voided urine before surgery and the pelvic urine from
the affected kidney were negatively correlated with SRF
in the radionuclide scan which was consistent with the
observation of Elmarakby et al. (2012), who found that
HO-1 was correlated with glomerular injury and apop-
tosis. The level of uHO-1 is indicative of its level within
the damaged cells, which drop off into the cavity of
renal tubules. Therefore, uHO-1 levels indicate ongoing
inflammation and oxidative damage that induce HO-1
gene and protein expression of tubular epithelial cells.

If we consider uHO-1 to be an early marker of tubu-
lar injury, we can hypothesize that uHO-1 may express
the degree of subclinical tubular impairment, thus rep-
resenting an earlier measurable marker of its function.
Recent data have demonstrated that uHO-1 levels in
IgAN patients correlated with the degree of tubuloint-
erstitial cellular infiltration, hematuria, and proteinuria
(Yokoyama et al. 2011). The degree of renal impairment
correlates more closely with tubulointerstitial damage
than with glomerular injury, which is clinically signifi-
cant. This has led to the proposal that uHO-1 is consid-
ered to be a valuable biomarker for studying the degree of
tubulointerstitial inflammation and oxidative damage to
assess whether the injury may progress to chronic kidney
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disease. This proposal is supported by data from our ROC
analyses, which showed a good diagnostic profile for
uHO-1 in HN children (study group and control 1 group,
AUC: 0.767) and a slightly better profile for detecting kid-
ney injury in HN children with SRF <45% (AUC 0.812).
These results may suggest that uHO-1 may be useful in
identifying the presence of obstruction in HN patients.

One limitation of our study was the study population was
relatively small; thus, large prospective studies are required
to confirm our findings. Moreover, we did not compare
the examined parameters based on a histological diagno-
sis. The increased uHO-1 levels may not only reflect renal
tubular cells damage, the extrarenal sources also should be
taken into account. Finally, the follow-up measurement of
uHO-1 concentration after pyeloplasty and correlation to
the post-operative renal function and AP pelvic diameter
are required in the future investigations.

Conclusions

The present study has clearly revealed that the children
with UPJO had increased urinary HO-1 levels and that
these correlated negatively with split renal function.
Despite these above limitations, the results suggest that
uHO-1 levels are associated with worsening obstruction.
Future investigations are required to confirm a potential
application of HO-1 as a useful biomarker for such a diag-
nosis and as a parameter to prevent the development and
progression of chronic kidney disease.
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