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The objective of this study was to analyze the expression of aquaporin-1 (AQP-1) and endothelin-1 
(ET-1) in children with congenital hydronephrosis. A study group consisted of 52 children who were 
admitted to our hospital from August 2021 to August 2022 and diagnosed with congenital pyelonephric 
junction stenosis (UPJO) leading to hydronephrosis through imaging examination. At the same time, 20 
hospitalized children without hydronephrosis were enrolled as the control group. Record two sets of urine 
β Compare the protein expression and mRNA expression of AQP-1 and ET-1 in 2-MG, serum creatinine 
(Scr), and serum Ccr, analyze the expression of AQP-1 and ET-1 mRNA at different levels, and analyze 
the correlation between AQP-1 and ET-1. Compared with the control group, the expression of AQP-1 
protein in the study group was lower, but the expression of ET-1 protein in the study group was higher 
than that in the control group; the expression of AQP-1 mRNA in the control group was higher than that 
in the study group, and the expression of ET-1 mRNA in the control group was significantly lower than 
that in the study group. In children with congenital hydronephrosis, the expression of AQP-1 protein 
and AQP-1 mRNA is low, while the expression of ET-1 protein and ET-1 mRNA is high, showing a 
negative correlation (r=0.365, P=-0.002). It was concluded that AQP-1 and ET-1 proteins are involved 
in the progression of congenital hydronephrosis and may be potential biomarkers for diagnosing the 
condition of congenital hydronephrosis.

INTRODUCTION

Hydronephrosis is relatively common in intrauterine 
ultrasound examination (Merguerian et al., 2010). 

According to the available statistics, about half to two 
percent of intrauterine ultrasounds show an anomaly in 
the fetus, the most common of which is hydronephsis 
(Mohammadjafari et al., 2009). Dealing with fetal 
hydronephrosis varies according to the severity, whether 
it is unilateral or bilateral, and the gender of the baby; but 
in any case, it includes radiographic examinations such as 
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ultrasound, voiding cystourethrogram (VCUG) and 
functional kidney scans in the first months of life 
(Yamacake and Nguyen, 2013; Aubin et al., 2013). The 
result of these investigations is the accurate identification 
of the underlying problem and appropriate treatment. 
This treatment may be surgical or medicinal, and many 
times, the patient does not need any special therapeutic 
intervention (Romao et al., 2012; Alconcher and Tombesi, 
2012; Yiee et al., 2011; Valent-Moric et al., 2011).

The most common causes of unilateral 
hydronephrosis in the fetal and neonatal period are: 
ureteropelvic junction obstruction (UPJO), vesicoureteral 
reflux (VUR) and ureterovesical junction obstruction 
(UVJO). Ureteral obstruction has been reported to trigger 
several pathophysiological changes (Hu et al., 2023). 
Specifically, in case of a blockage in one or both of the 
ureters that carry urine from the kidneys to the bladder, 
the renal pelvis, calyces, collecting ducts and renal tubules 
are dilated, and then edema occurs in renal interstitium, 
which is consequently infiltrated by focal inflammatory 
cells, exposed to fibrosis, and finally prone to renal atrophy 
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(Gosemann et al., 2020). Therefore, the detection and 
analysis of congenital hydronephrosis, the main cause of 
end-stage renal disease in children, is an important guide 
for its treatment (Xie et al., 2020; Jing and Zou, 2018). 
In animal experiments, AQP-1 and ET-1 were found to be 
significantly involved in renal dysfunction. In this study, 
an attempt has been made to examine the expression 
of AQP-1 and ET-1 proteins in eligible children with 
congenital hydronephrosis over a one-year period. 

MATERIALS AND METHODS

Objects
All the eligible children were admitted to the Pediatric 

Surgery Department or Urology Department of our hospital 
from August 2021 to August 2022, and were diagnosed 
with hydronephrosis caused by congenital UPJO by color 
Doppler ultrasound, CT urography (CTU), intravenous 
pyelography (IVP), magnetic resonance urography 
(MRU) or CT examination. In order to avoid interference 
from other factors, some subjects were excluded by the 
following criteria: (1) bilateral hydronephrosis; (2) urinary 
tract infection; (3) hydronephrosis caused by other reasons, 
such as ureterovesical junction obstruction; (4) fever or 
other diseases; or 5) Scr ≥ 177.0 mmol/L. A total of 52 
children with unilateral hydronephrosis were enrolled, 
including 29 males and 23 females, with an average age of 
5.52±2.45 years. Besides, 20 hospitalized children without 
hydronephrosis were recruited as the control group, 
including 12 males and 8 females, with an average age 
of 5.46±2.25 years. All of these children had congenital 
myotonic neck but were free of hydronephrosis, fever, 
urinary tract infection, and blood Scr ≥ 177.0 mmol/L by 
urologic ultrasound.

Disease classification
Rickwood index (Jee et al., 1993) was used to divide 

the children into 12 mild, 28 moderate and 12 severe 
cases, respectively. Children with mild to moderate 
hydronephrosis were followed up regularly in the outpatient 
department. The severe cases were treated by operation. 
During the operation, UPJO, dilated hydronephrosis of the 
renal pelvis and calyces, and thinned renal cortex occurred. 
After the operation, UPJO was pathologically confirmed, 
the diameter of UPJ ranged from 1.0 to 2.5 mm, and 
chronic inflammatory changes were found in the mucosa.

Index detection
(1) First, 10 ml fasting venous blood was extracted 

from all subjects in the morning and centrifuged for 
examination. Fasting morning urine was also collected and 
preserved for examination. Urine β2-MG was detected by 

radioimmunoassay, serum creatinine (Scr) was tested by 
sarcosine oxidase, and (Ccr) expression was represented 
by serum Scr (P), urine Scr (U), urine volume (V) and body 
surface area (A) as follows: Ccr=U×V/P×1.73/A (ml·min). 

(2) Western blot was performed to identify AQP-1 
and ET-1 expressions. To be specific, 50μg protein was 
extracted, boiled for 5 min to denature it, and subjected 
to SDS-PAGE gel electrophoresis. The gel was then cut 
open according to the size of the protein molecules and 
transferred to a PVDF membrane. The protein to be 
tested and the internal reference protein were blocked in 
room with Western blocking solution for 90 min, added 
to the antibody to be tested at a ratio of 1:1000 and the 
internal reference antibody at a ratio of 1:2000, incubated 
overnight, and washed 5 times with Western washing 
solution, once every 10 min. Diluted goat anti-rabbit IgG 
was added at a ratio of 1:5000, incubated for 60 min in a 
horizontal shaker at room temperature, and washed 5 times 
with Western washing solution, once every 10 min. After 
ECL coloration and exposure, the mixture was subjected 
to BIO-RAD imaging, and ImageJ was used to detect the 
gray value of the band, and the gray value of the internal 
reference band and the protein rational were taken as AQP-
1 and ET-1 results for statistical analysis, respectively. 

(3) RT-PCR was performed to detect the expression of 
AQP-1 mRNA and ET-1 mRNA. Total RNA was extracted 
from the cells to determine RNA purity and content, 
and then reversely transcribed into cDNA. Primers were 
designed using Primer 5. 0, and Numb expression was 
calculated by 2-△△Ct method with U6 as the internal 
reference. The assays were performed according to the 
primer sequences in Table I.

Table I. List of primer sequences.

Genes Primer sequences
AQP-1 Upstream 5’-CTGACCCGCTCGGACTTACT-3’

Downstream 5’-CCACGTCTTCTGGACCCATG-3’
ET-1 Upstream 5’-CCCAGCACATCCTGGAGACC-3’

Downstream 5’-CTCGGGAGTGTTGACCCAGAT-3’
β-actin Upstream 5’-TCAGCATCGACCGCTACCTG-3’

Downstream 5’-GACTTTGGCCACCAGCATCG-3’
For abbreviations, see Table II.

Statistical analysis
SPSS 26.0 provided data analysis, and Kolmogorov-

Smirnov provided a normal distribution test. Measurement 
data in normal distribution were described by mean ± 
standard deviation (x̅±s), and then compared in multiple 
groups through F test while compared between two 
groups by an independent sample t test. Those not in 
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normal distribution were expressed by M(Qn) after 
natural logarithm transformation, and examined by a 
non-parametric test. Meanwhile, enumeration data were 
expressed as rate (%) and tested by χ2 test. The correlation 
between miR-152, SHGB and SRC-2 was analyzed 
by Pearson, and P<0.05 was considered statistically 
significant.

RESULTS

As shown in Table II, the expressions of urinary β2-
MG, serum Scr and serum Ccr were compared between the 
two groups. Compared with the control group, the study 
group had higher expressions of urinary β2-MG, serum Scr 
and serum Ccr (P<0.05).

Table II. Comparison of the variables expression 
between both groups (x̅±s).

Control 
group (n=20)

Study group 
(n=52)

t P

Urine β2-MG (mg/L) 0.17±0.03 0.32±0.06 10.65 0.001
Scr (mol/L) 28.16±3.84 40.42±5.13 9.679 0.001
Serum Ccr (ml/min) 76.69±8.25 85.37±9.72 3.531 0.001
AQP-1mRNA 1.76±0.24 0.85±0.13 20.69 0.001
ET-1mRNA 0.64±1.05 1.47±0.02 5.764 0.001

AQP, aquaporin-1;  ET-1, endothelin-1; Serum Ccr, serum creatinine 
clearance Scr, serum creatinine.

The expressions of AQP-1 and ET-1 were compared 
between the two groups. Compared with the control group, 
the study group showed lower expression of AQP-1 protein 
but higher level of ET-1 protein, as shown in Figure 1.

Fig. 1. Expression map of AQP-1 and ET-1.
For abbreviations, see Table II. 

AQP-1 mRNA and ET-1mRNA levels were compared 
between the two groups, and it was found that the AQP-
1 mRNA expression was higher, but the ET-1 mRNA 
expression was significantly lower in the control group 

(P<0.05) (Table II).
As shown in Table III, the expressions of AQP-1 

mRNA and ET-1 mRNA were compared among children 
with different grades of congenital hydronephrosis. It was 
found that mild children had higher AQP-1 mRNA and 
lower ET-1 mRNA expressions than moderate and severe 
cases (P<0.05); The moderate group presented higher 
AQP-1 mRNA expression than the severe group, while the 
ET-1 mRNA level was lower in moderate group than that 
in the mild group (P<0.05).

Table III. Expression of AQP-1mRNA and ET-1mRNA 
in children with different degrees of congenital 
hydronephrosis.

Group Cases AQP-1mRNA ET-1mRNA
Mild 12 1.17±0.23 1.06±0.11
Moderate 28 0.88±0.11 1.56±0.18
Severe 12 0.49±0.05 1.89±0.21

For abbreviations, see Table II.

Fig. 2. Correlation analysis between AQP-1 and ET-1.
For abbreviations, see Table II.

Correlation analysis showed that there was a negative 
correlation between AQP-1 and ET-1 (R = 0. 365, P = -0. 
002) (Fig. 2).

DISCUSSION

Genetic factors and congenital renal sinus 
abnormalities are closely related to the occurrence 
of congenital hydronephrosis (Wang et al., 2018). As 
congenital hydronephrosis progresses, children have been 
reported with a poor prognosis. For example, the poor 
prognosis characterized by hydronephrosis, renal tissue 
edema, loss of renal function, decreased metabolic function 
of the kidney, and renal artery stenosis often occurs after 
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ureteral obstruction (Pan and Sachdeva, 2019). Congenital 
hydronephrosis is a congenital malformation as a result 
of the interplay of complex and multifaceted factors. In 
recent years, scholars at home and abroad have made 
animal models of complete or partial ureteral obstruction 
to study congenital hydronephrosis at the molecular level, 
and found that the expression changes of cytokines are 
closely correlated with the occurrence and development 
of congenital hydronaphrosis (Sevostjanovs et al., 2020; 
Shields et al., 2020).

Aquaporins widely exist in the specific channels 
of water-borne processes in prokaryotic and eukaryotic 
cell membranes. Studies on the structure and function of 
aquaporins suggest that they are involved in the physiology 
and pathology of fluid transport in various organs and 
tissues (Shi et al., 2022; Wang et al., 2022). Not only that, 
but aquaporins are widely distributed in various systems 
of the body, and most of them are highly expressed in 
epithelial and endothelial cells, which are closely related 
to the secretion and absorption of body fluid. Since one of 
the aquaporin subtypes is the most abundant molecule in 
the kidney, most scholars believe that aquaporins play an 
important role in the process of kidney damages (Jiang et 
al., 2021).

As one of the important aquaporin subtypes, APQ-1 
is involved in water-borne processes during the transport 
of non-consuming adenosine triphosphate of aquaporins 

(Wang et al., 2022). Under pathological conditions, AQP-
1 level declines, inhibits the absorption of the renal pelvis 
and oviduct, and then aggravates renal obstruction and 
renal damage (Zhang et al., 2021). Reportedly, the down-
regulation of AQP-1 expression may lead to a decrease in 
osmotic transport capacity in congenital hydronephrosis. 
As a consequence, fluid may accumulate in the renal pelvis 
and oviduct obstruction and aggravate the condition (Xue 
et al., 2020). With the decrease of AQP-1 expression, 
channel protein transporters in renal tubular epithelium 
will be insufficient so that significant changes will be made 
in the local osmotic pressure of glomerulus and nephron, 
affecting glomerular filtration function (Sun et al., 2019). 
Congenital hydronephrosis has been confirmed to reduce 
AQP-1 expression by more than 25% on average, and 
the more severe the tubal obstruction is, the lower the 
expression is (Zhang et al., 2019). In this study, the 
study group presented lower AQP-1 protein and AQP-1 
mRNA expressions than the control group, and AQP-1 
level tended to decrease with the severity of congenital 
hydronephrosis, consistent with the above findings. The 
relationship analysis between AQP-1 and ET-1 showed 
a negative correlation, indicating that the low expression 
of AQP-1 is involved in the progression of congenital 
hydronephrosis and is expected to become a marker for 

its diagnosis.
ET-1, an endogenous vasoconstrictive peptide with 

long action intensity and action time, gets involved in 
the process of renal ischemia and hypoxia. It shows an 
increasing trend in normal tissue cells, and consequently 
the tissue cells that do not express or express low ET-1 
gene will secrete ET-1 in large quantities, which may cause 
or participate in the changes of renal hemodynamics and 
further aggravate renal ischemia (Zhang et al., 2022). In 
case of an ischemia-reperfusion injury, tissue ischemia and 
hypoxia are reported to trigger vascular endothelial cell 
damage, and then increase the release of ET-1, aggravating 
renal injury (Wang et al., 2019; Anggorowati et al., 2020). 
In this study, ET-1 protein and ET-1 mRNA were highly 
expressed in children with congenital hydronephrosis, 
indicating that the release of ET-1 progressed the condition 
and the renal injury.

CONCLUSION

The expression of AQP-1 protein and AQP-1 
mRNA were lowly expressed in children with congenital 
hydronephrosis, while ET-1 protein and ET-1 mRNA 
were highly expressed. They were negatively correlated, 
but both were involved in the progress of congenital 
hydronephrosis and were expected to become markers for 
its diagnosis.
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