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Background

Congenital anomalies of the kidney and urinary tract (CAKUT) are defined as structural malformations of the kidney and/or urinary tract. Heat shock proteins (HSPs) are expressed in the kidney in response to cellular changes, such as thermal, hemodynamic, osmotic, inflammatory, and mechanical stresses. This study aimed to assess uHSP70 levels during acute urinary tract infections (UTI) and non-infection periods in patients with CAKUT, and to evaluate whether uHSP70 is elevated in CAKUT subtypes.





Methods

Among patients with CAKUT, 89 patients with UTI (CAKUT-A), 111 without UTI (CAKUT-B), and 74 healthy children were included in the study. uHSP70 levels were measured using enzyme-linked immunosorbent assay (ELISA).





Results

uHSP70 level was significantly higher in the CAKUT-A group than in the CAKUT-B and healthy control groups (p < 0.0001). Moreover, the level of uHSP70 was significantly higher in the CAKUT-B group than in the control group (p < 0.0001), but was not different between the CAKUT subtypes (p > 0.05).





Conclusion

Urine HSP70 can also be used to predict UTI in patients with CAKUT. Moreover, uHSP70 levels were higher in children with CAKUT during the non-infectious period than in healthy controls. This suggests that children with CAKUT are at risk of chronic non-infectious damage.
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1 Introduction

Congenital anomalies of the kidney and urinary tract (CAKUT) include structural malformations of the kidney and/or the urinary system (1). CAKUT occurs due to disruption of nephrogenesis under the influence of genetic or environmental factors and usually presents as urinary tract dilation on antenatal ultrasound. It has been reported that CAKUT occurs in 1/500 live birth neonates and accounts for 20-30% of all anomalies in the prenatal period (1).

Urinary tract infection (UTI) is a common clinical finding in patients with CAKUT. The UTILISE (Urinary Tract Infection and Levels of heat shock protein 70 In children as a Sensitive marker for Excluding other infections) study showed that urine Heat Shock Protein 70 (uHSP70) is elevated during acute UTI and decreases after antibiotic treatment (2). HSPs are expressed in the kidneys in response to cellular changes, such as thermal, hemodynamic, osmotic, inflammatory, and mechanical stress (3). HSPs increase cell protection and help maintain homeostasis; these stress responses induce HSP production (4). Few studies have investigated the relationship between HSP70 and CAKUT, and most of them address HSP70 in obstructive nephropathy (5, 6). To the best of our knowledge, no study has evaluated uHSP70 expression in other subtypes of CAKUT, such as renal agenesis, multicystic dysplastic kidney, hypo-dysplastic kidney, and/or atrophic kidney. We aimed to assess uHSP70 levels during acute UTI and non-infection periods in patients with CAKUT, and to evaluate whether uHSP70 was elevated in CAKUT subtypes.




2 Materials and methods

This study was planned as a part of UTILISE study, a prospective multicenter and multinational study (2). The UTILISE study had a group of patients with proven UTI (n=191); among them, we included those with CAKUT in the CAKUT-A group (n=89). The algorithm used for patient selection is shown in Figure 1. Patients in this group had symptoms suggestive of UTI and were evaluated using routine physical examination, urinalysis, and urine culture at the time of admission. The sampling method for urine culture was determined by the physician according to the UTI protocol of the participating center. The inclusion criteria for the UTI group were a combination of the following three features: (a) symptoms suggestive of UTI such as fever, dysuria, or abdominal pain; (b) presence of any of positive findings in urinalysis for UTI, such as pyuria, leukocyte esterase positivity or nitrite test; and (c) significant bacterial growth in the urine culture (7). Pyuria is defined as the presence of >5 WBCs per high-power field at the microscopic analysis after centrifugation of the urine (7). Bacterial growth in urine culture was defined as significant if there was growth of ≥ 105 colony forming units (cfu)/mL of a single uropathogen for samples obtained via collecting bag and mid-stream urine, and ≥104 cfu/mL by catheterization (8, 9). All children in the UTI group were treated according to the UTI protocols of the participating centers.




Figure 1 | Algorithm for patient selection.



In this study, we included another group of patients with CAKUT, but without UTI (CAKUT-B). The CAKUT-B group consisted of 111 patients recruited from the pediatric nephrology outpatient clinics of the Istanbul Medical Faculty, Umraniye Training and Research Hospital, and Bursa Dortcelik Hospital during the same timeframe as that of the UTILISE study. These patients had no complaints, no leukocyte esterase and/or nitrite positivity on urinalysis, or bacterial growth in urine culture.

The CAKUT-A and CAKUT-B groups comprised patients with renal parenchymal malformations, migration anomalies, and collecting system anomalies. Renal parenchymal malformations include renal agenesis, hypoplasia/dysplasia, and multicystic dysplastic kidney disease. Ectopic and horseshoe kidneys are migratory anomalies. Collecting system anomalies include nonobstructive dilation (NOD) or ureteropelvic junction obstruction (UPJO), ureterovesical junction obstruction (UVJO), megaureter, ureter duplex, ectopic ureter, double collector system, vesicoureteral reflux (VUR), ureterocele, and posterior urethral valve. The imaging and laboratory results of patients in groups A and B were obtained from patient files.

The healthy control group from the UTILISE study (2) was enrolled in this study and consisted of 74 children with no acute and/or chronic diseases or urinary tract abnormalities. In the CAKUT-B and control groups, urine samples were collected midstream and/or in collection bags.

The ethical committee of Istanbul University, Istanbul Faculty of Medicine, approved the study for Turkish centers (2017/752). Ethical approval was obtained from the local Ethics Committees of all other participating countries.



2.1 Laboratory analysis

Pre-treatment samples were obtained from the UTI group before the initiation of antibiotic treatment. In the other groups, urine samples were collected once at the time of admission. Random urine samples were obtained and stored at -80°C. Samples from participating centers were sent to the laboratory of the Istanbul University Istanbul Faculty of Medicine on dry ice. Urine samples that were stored at -80°C were brought to room temperature before the analysis. uHSP70 levels were measured using enzyme-linked immunosorbent assay (ELISA) using a HSP70 ELISA Kit (Cat no: KTE62748) purchased from Abbkine (Abbkine, Inc., China), following the manufacturer’s instructions. The levels of HSP70 were expressed as ng/mL. The detection and quantification limits were set to < 0.05 ng/ml for HSP70. The intra-assay coefficient of variation (CV) for HSP70 were 7.9% and 8.6%.




2.2 Statistical analysis

All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) for Windows, version 22.0 (IBM Corp., Armonk, NY, USA). Data for continuous variables are presented as percentages or medians and interquartile ranges (IQR). The normality of the parameter distribution was tested using the Kolmogorov-Smirnov test. Non-parametric tests (Mann-Whitney U test or Kruskal-Wallis test in cases of more than two groups) were used for between-group comparisons. The Mann-Whitney U test was used to test the significance of pairwise differences, with Bonferroni correction applied to adjust for multiple comparisons. When investigating changes in uHSP70 levels between groups, age effects were adjusted using analysis of covariance (ANCOVA). For all statistical analyses p < 0.05 was considered statistically significant.





3 Results

Totally 89 CAKUT patients with UTI (CAKUT-A), 111 CAKUT patients without UTI (CAKUT-B), and 74 healthy children were included in this study. Sex distribution was comparable in all groups (p=0.071). Patients in the CAKUT-A group were younger than those in the other groups (p < 0.0001) (Table 1). uHSP70 median level was not different between the children with estimated glomerular filtration rate (eGFR) ≥90 and <90 mL/min/1.73m2 (p>0.05).


Table 1 | Demographic data of the study and control groups and uHSP70 levels.



uHSP70 levels were significantly higher in the CAKUT-A group than in the CAKUT-B and healthy control groups (p < 0.0001) (Table 1). When the effect of age was adjusted using covariance analysis, uHSP70 levels were higher in the CAKUT-A group than in the other two groups (p < 0.0001). Furthermore, uHSP70 expression in the CAKUT-B group was significantly lower than that in the CAKUT-A group (p < 0.0001), whereas it was significantly higher than that in the control groups (p < 0.0001) (Table 1; Figure 2).




Figure 2 | Comparison of the urine HSP70 levels between CAKUT-A, CAKUT-B, and Control groups.





3.1 Comparison of CAKUT subtypes

The CAKUT subtypes are listed in Table 2. In the CAKUT-A group, collecting system anomalies occurred in 91% (n=81) of the patients, of whom 55% were diagnosed with VUR. In this group, nonobstructive dilation was the second most frequent disease, with a ratio of 30%. Moreover, some patients with VUR in the CAKUT-A group were also diagnosed with UVJO (n=2), UPJO (n=1) and ureterocele (n=1).


Table 2 | Identification of CAKUT subtypes.



When we compared CAKUT-A patients with VUR and without VUR, uHSP70 median levels were not different between these two groups (139.1 ng/mL and 142.9 ng/mL, respectively; p=0.830) (Figure 3).




Figure 3 | Comparison of the urine HSP70 levels between the patients with VUR in CAKUT-A and CAKUT-B.



Renal parenchymal malformations and collecting system anomalies constituted 52% and 43% of the CAKUT-B group, respectively. In this group, seven patients with VUR had additional anomalies [posterior urethral valve (n=3), duplex system (n=3), and meningomyelocele (n=1)]. When we analyzed the subgroups of CAKUT-B, there was no difference in median HSP70 levels between collecting system anomalies and renal parenchymal malformations (49.9 ng/mL vs. 49.0 ng/mL; p=0.940). Collecting system anomalies and renal parenchymal malformations in the CAKUT-B group were compared separately with the control group. Median uHSP70 levels were higher in patients with collecting system anomalies (49.9 ng/mL vs. 32.8 ng/mL; p < 0.0001) and renal parenchymal disorders (49.0 ng/mL vs. 32.8 ng/mL; p < 0.0001) compared to controls. Median uHSP70 levels did not differ between patients with and without VUR in the CAKUT-B group (55.3 ng/mL vs. 47.5 ng/mL; p=0.434). A comparison of the uHSP70 levels between patients with and without VUR in the CAKUT-A and CAKUT-B groups was shown in Figure 3.





4 Discussion

In our previous UTILISE study, we evaluated children with UTI and found increased uHSP70 levels during infection (2). The presence of CAKUT is one of the most important risk factors for developing UTI (10). Our results in current study showed that uHSP70 level was significantly higher in both CAKUT-A and CAKUT-B groups than in the control group. In addition, the uHSP70 levels were significantly higher in the CAKUT-A group than in the CAKUT-B group. It was expected that uHSP70 is at its highest level during the UTI period, as the UTILISE study clearly demonstrated that uHSP70 is a reliable biomarker for predicting UTI. Further, uHSP70 is significantly higher during infection in patients with CAKUT, suggesting that uHSP70 levels could be used to predict UTI in patients with CAKUT. Interestingly, the level of uHSP70 in the non-infectious period was higher than that in the controls but much lower than that in the infectious period. We believe that the increased uHSP70 levels in the CAKUT-B group may be due to ongoing oxidative stress during the chronic process in patients with CAKUT. CAKUT is a chronic disease that meets the definition of chronic kidney disease (CKD) with evidence of kidney damage for 3 months or more as demonstrated by the presence of structural kidney disorders and by imaging methods (11). Many studies have shown that oxidative stress is increased in children with CKD (12, 13). In addition, it should be kept in mind that previous UTI attacks may contribute to this situation. We have earlier reported that uHSP70 was slightly elevated in patients with kidney-related chronic diseases, such as CKD, IgA nephropathy, and diabetic nephropathy (14, 15). We also showed that uHSP70 levels were excessively elevated during UTI, an acute disease, and decreased in response to antibiotic treatment. The presence of CAKUT did not preclude the use of uHSP70 as a biomarker for UTI.

An experimental study in rats showed that HSP70 levels increased after 10 days of unilateral obstruction in UPJ. After the obstruction was resolved, HSP70 levels returned to baseline. This suggests that HSP70 levels may be a specific and localized response to oxidative injury (16). Valles et al. (6) evaluated 22 children with congenital UPJO. Renal biopsies were obtained for immunohistochemical and western blot analyses at the time of surgery. Increased staining of HSP27 and HSP70 in the proximal tubules, cortical collecting ducts and medullary collecting ducts was detected using immunohistochemical method. This indicates that HSP27 and HSP70 could play a role in the adaptive response of the kidney to congenital UPJO (6). Oktar et al. (5) investigated the uHSP70 levels in 43 children with UPJO who underwent pyeloplasty, 25 patients with NOD, and 30 healthy children. The uHSP70 levels were higher in the pyeloplasty group than in the NOD and control groups. Additionally, the uHSP70 levels decreased postoperatively. It has been emphasized that uHSP70 can predict surgical indications for unilateral UPJO (5). Moreover, adult UPJO rats treated with α-tocopherol, a compound used to treat acute oxidative injury, showed decreased HSP70 expression in kidneys (17). In previous studies, the elevation of HSP70 in obstructive uropathy was explained by the increased intrarenal oxidative stress in UPJO, which includes kidney injury, and the increased synthesis of HSP70 from injured renal cells in response to this stress (18–20).

Because the number of patients with obstructive uropathy in our study was small (only 12 patients), we did not compare patients with obstructive uropathy to those with other subtypes of CAKUT according to uHSP70 levels. In our study, uHSP70 was evaluated separately according to the subtypes of CAKUT in every CAKUT group, including VUR, collecting system anomalies, and renal parenchymal malformations. Urine HSP70 levels were significantly higher in all CAKUT subtypes; we therefore concluded that uHSP70 levels were not specific to any of the CAKUT subgroups.

However, this study has some limitations. The number of patients in the CAKUT subgroups was not evenly distributed; therefore, we did not analyze the statistical significance between them.




5 Conclusions

Urine HSP70 levels in CAKUT patients were significantly high while they were diagnosed with UTI. uHSP70 levels can be used to predict UTI in patients with CAKUT. Moreover, uHSP70 levels were higher in children with CAKUT during the non-infectious period than in healthy controls. This suggests that children with CAKUT are at risk of chronic non-infectious damage.
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CAKUT-B

Collecting system anomalies (n) 81 48
Vesicoureteral reflux n (%) 49 (55) 40 (36)
Non-obstructive hydronephrosis n (%) 27 (30) 6(5)
Ureteropelvic junction obstruction

(postop) n (%) 4 (5) 0
Ureterovesical junction obstruction

(postop) n (%) 1) 1)
Duplex system n (%) 0 1(1)

Renal parenchymal malformations (n) 7 56
Unilateral renal agenesis n (%) 2(2) 24 (22)
Renal hypo-dysplasia n (%) 5(6) 12 (11)
Multicystic dysplastic kidney n (%) 0 15 (14)
Atrophic kidney n (%) 0 5(5)

Migration anomalies (n) 1 7
Ectopic kidney n (%) 1(1) 6(5)
Horseshoe kidney n (%) 0 1(1)

Total 89 (100) 111 (100)

CAKUT, Congenital Anomalies of the Kidney and Urinary Tract.
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CAKUT-A group CAKUT-B group Control group

(n=89) (n=111) (n=74)
Age (years) 50 (1.4-8.5) 7.4 (4.0-11.5) 7.6 (4.9-10.4) <0.0001
Gender Girls n (%) 60 (67) 57 (51) 42(57) 0071
uHSP70 (ng/mL) V 139.6 (62.1-188.5) 493 (39.6-58.3) 32.8 (29.4-40.1) <0.0001

Data are given as percent or median (interquartile rage) as appropriate. CAKUT, Congenital Anomalies of the Kidney and Urinary Tract; uHSP70, urine Heat Shock Protein 70.





