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Serum and Urinary Neutrophil Gelatinase-Associated Lipocalin Levels as Early Markers of the Renal Function in Patients With Urinary Stone-Induced Hydronephrosis
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Introduction: Urinary stones cause hydronephrosis, which leads to kidney function impairment. The serum creatinine level is frequently used as a marker of kidney function. However, in some patients with hydronephrosis, it does not reflect the kidney function changes in the early stages of kidney stone disease. Neutrophil gelatinase-associated lipocalin (NGAL) is a novel indicator of the kidney function. Previous NGAL-related research has focused on its role in acute kidney injury. This study aimed to determine the usefulness of NGAL as an early marker of the kidney function in patients with urinary stones and hydronephrosis.

Methods: Eighty-five patients with urinary stones who were admitted to the Shanghai Tenth People's Hospital (USP group) and 65 healthy volunteers (NC group) were recruited. Blood and urine samples collected from the study participants were evaluated using an enzyme-linked immunosorbent assay to determine the NGAL concentration. Data on the height, weight, age, medical history, and blood and urine findings were collected. Computed tomography data were collected from the USP group.

Results: Compared to in the NC group, NGAL levels were significantly elevated in the USP group (P < 0.001). However, no significant differences in the NGAL levels were observed among the USP group members with different degrees of hydronephrosis. Furthermore, no significant between-group differences in the creatinine level or the estimated glomerular filtration rate were observed. The areas under the receiver operating characteristic curves for the serum and urinary NGAL levels with hydronephrosis were 92.03 and 99.54%, respectively. The areas under the receiver operating characteristic curves for the serum and urinary NGAL levels with kidney stones were 85.05 and 91.89%, respectively.

Conclusion: NGAL is a sensitive indicator of hydronephrosis secondary to urinary stones.
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INTRODUCTION

Urinary stone disease is very common (1). Urinary stones form in the kidneys and bladder, and can be classified as either upper or lower stones based on their location. Natural discharge of some urinary stones may occur, depending on their size, shape, and location. However, some urinary stones persist in their particular urinary tract location. When stones block the renal pelvis junction or the ureter, acute complete obstruction or chronic incomplete obstruction may occur. Hydronephrosis is caused by the stenosis of the urethral lumen and the obstruction of the urethra in any part of the kidney to the external orifice of the urethra, and gradually damages the renal parenchyma and affects the kidney function. At present, there are some different standards for the classification of hydronephrosis in the world (2–4).

Currently, serum creatinine level is one of the main markers of kidney function (5–8). Creatinine is a small molecule that can be filtered through the glomerulus, and is rarely absorbed by the renal tubules. Almost all creatinine is excreted through the urine. When renal insufficiency occurs, creatinine accumulates in the body, causing toxicity. The estimated glomerular filtration rate (eGFR) reflects the kidney function (9). It is a measure of the volume of blood that the glomerulus can filter per minute, and is used to evaluate the ability of the kidney to remove metabolic waste from the body (10, 11). However, there are certain limitations of using serum creatinine as an indicator. In particular, the serum creatinine level does not reflect the status of kidney function in a timely and accurate manner (12, 13). Increases in the serum creatinine levels may manifest clinically only when most of the kidney has suffered from pathological damage and the glomerular filtration rate has decreased by more than 50%. Therefore, the serum creatinine level does not accurately indicate changes in kidney function at an early stage of disease.

In Kjeldsen et al. (14) discovered a novel 25-kD protein while studying the 92-kD MMP-9 protein in neutrophils. This protein was named neutrophil gelatinase-associated lipocalin (NGAL). Subsequent studies have shown that NGAL is expressed in trace amounts by the neutrophils and certain epithelial cells (such as those in the renal tubules). In ischemic or nephrotoxic kidney injury, NGAL is expressed in greater quantities by the kidneys and released into the urine and plasma. NGAL levels increase within 2 h of a renal tubular epithelial cell injury, making it an early and sensitive biomarker of renal injury. At present, research on NGAL is mainly focused on its role in acute kidney injury (AKI), including severe infections, obstructive pulmonary disease, and so on (15–18).

Many diseases affect kidney function; however, most do not do so as quickly as AKI. Nonetheless, early detection of kidney function remains important (18). Currently, most hospitals use creatinine as a marker of kidney function. In our clinic, we observed that in case of patients with urinary stones, changes in the serum and urine creatinine levels are not obvious in those with a small amount of hydronephrosis. Whether NGAL can reflect the changes in kidney function caused by urinary stones and hydronephrosis remains unknown. Therefore, we carried out a prospective clinical study to determine whether NGAL may be used as an early indicator of changes in the kidney function secondary to urinary stone-induced hydronephrosis.



METHODS


Research Subjects

In this study, 85 patients who were hospitalized at the Tenth People's Hospital of Tongji University (between July 2020 and December 2020) for urinary stones were enrolled and categorized into the USP group. In addition, 65 volunteers who underwent an ultrasound examination of the urinary system to rule out the possibility of hydronephrosis and urinary stones were enrolled as healthy controls in the NC group. We took the short diameter of the renal pelvis cavity under ultrasound as greater than 1 cm as the standard for hydronephrosis. The following inclusion criteria were applied: no history of diseases that may impair renal function, such as hypertension and diabetes; no history of acute or chronic renal impairment; no history of kidney surgery; and first identification of kidney stones and hydronephrosis. Patients with urolithiasis underwent Computed Tomography (CT) and the CT data were collected. The following data were collected from the study participants: age, weight, height, eGFR, and medical history. The body mass index (BMI) for each participant was also calculated from their height and weight. This cohort study was following STOBE guidelines and approved by the ethics committee of Shanghai Tenth People's Hospital (approved number was 21K105), and informed consent was obtained from all patients who participated in the study.



Laboratory Assays

From each participant, 2 mL of blood and 5 mL of urine were collected for further analysis. The blood samples were allowed to stand at room temperature for 2 h; they were then centrifuged, and the serum was extracted. The serum and urine samples were stored at −80°C for future analysis. Serum creatinine and urea nitrogen levels were measured at the Central Laboratory of the hospital. The serum and urinary NGAL concentrations were measured using the Human NGAL/Lipocalin-2 ELISA Kit (RJ14849, Shanghai Renjie Biotechnology Co. Ltd.).



Statistical Analysis

Statistical analyses were performed using the SPSS 16.0 statistical package, and charts were made using GraphPad Prism 7. If the measurement data were normally distributed, means and standard deviations and the t-test were used to perform the intergroup comparisons. If the measurement data did not follow a normal distribution, the medians (interquartile ranges) and the rank-sum test were used to perform the intergroup comparisons. Count data were compared using the chi-square test. Statistical significance was set at p < 0.05.




RESULTS


Clinical Characteristics of the Study Subjects

Compared with the NC group (serum NGAL level 59.06 ± 12.22 ng/ml, urinary NGAL level 67.08 ± 11.99 ng/ml), the USP group had significantly elevated serum NGAL level (89.20 ± 15.64 ng/ml, P < 0.001) and urinary NGAL level (110.92 ± 14.74 ng/ml, P < 0.001). However, no significant between-group differences were observed in the sex (NC 52 male:13 female, USP 67 male:18 female, P-value 0.860), height (NC 167.49 ± 7.32 cm, USP168.35 ± 7.37 cm, P-value 0.481), weight (NC 68.96 ± 11.15 kg, USP 69.52 ± 11.77 kg, P-value 0.763), BMI (NC 24.54 ± 3.35, USP 24.43 ± 3.21, P-value 0.846), serum creatinine levels (NC 77.80 ± 27.03 umol/L, USP 83.36 ± 29.81 umol/L, P-value 0.234), serum urea nitrogen concentrations (NC 5.38 ± 2.30 mmol/L, USP 6.85 ± 7.76 umol/L, P-value 0.102), CKD-EPI (NC 92.30 ± 23.82 mL/(min*1.73 m2), USP 89.36 ± 23.23 mL/(min*1.73 m2), P-value 0.451). The characteristics of the study participants are summarized in Table 1.


Table 1. Clinical characteristics of the subjects.
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Correlations Between the Serum and Urinary NGAL Levels and the Clinical Characteristics

Correlations between the serum NGAL levels and the clinical characteristics (including the age, height, weight, BMI, serum creatinine level, and serum urea nitrogen concentration) are shown in Table 2. Correlations between the urinary NGAL levels and the clinical characteristics (including the age, height, weight, BMI, serum creatinine, and serum urea nitrogen concentration) are shown in Table 3.


Table 2. Correlations between serum NGAL levels and clinical characteristics.
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Table 3. Correlations between Urinary NGAL levels and clinical characteristics.

[image: Table 3]



Comparison of the Serum and Urinary NGAL Levels

In view of the need to study the relationship between different degrees of hydronephrosis and NGAL in adult patients with urinary calculi, we think that there is no suitable classification of hydronephrosis. We sorted the hydronephrosis data of 85 patients from small to large, and divided them into three groups with one third as the node, mild hydrops group (USP1), moderate hydrops group (USP2), and severe hydrops group (USP3). Results indicated significant differences in the serum and urinary NGAL levels between the healthy control group and each USP group (P < 0.001). However, there were no significant differences in the serum/urinary NGAL levels among the USP subgroups (Figure 1A).


[image: Figure 1]
FIGURE 1. Data analysis results. (A) Differences in the serum and urinary NGAL levels among the different groups. (B) Comparison of the creatinine concentrations and estimated glomerular filtration rates among the different groups. (C) Serum and urinary NGAL levels in the diagnosis of urinary stones and hydronephrosis. ***P < 0.001.




Comparison of the Creatinine Concentrations and the EGFR Between the Different Groups

Although some trends in were observed, no significant between-group differences in creatinine concentrations and CCR were observed (Figure 1B).



Serum and Urinary NGAL in the Diagnosis of Hydronephrosis Caused by Kidney Stones

A receiver operating characteristic (ROC) curve of the serum and urinary NGAL levels with hydronephrosis and kidney stones was created. Results indicated that for hydronephrosis, the areas under the ROC curve for the blood and urine NGAL levels were 92.03% (95% confidence interval [CI]: 88.03–96.03%, p < 0.0001) and 99.54% (95% CI: 98.94–100%, p < 0.0001), respectively. For kidney stones, the areas under the ROC curve for the blood and urine NGAL levels were 85.05% (95% CI: 78.79–91.3%, p < 0.0001) and 91.89% (95% CI: 87.22–96.57%, P < 0.0001), respectively (Figure 1C).




DISCUSSION

In this study, experimental findings showed that NGAL is an extremely sensitive indicator of changes in the kidney function secondary to urinary stone-induced hydronephrosis when the creatinine levels did not change significantly. This is consistent with findings indicating that the hysteresis phenomena are associated with creatinine. Early-stage hydronephrosis due to urinary stones induces stress in the renal tubular epithelial cell and enhances the secretion of NGAL. However, NGAL levels do not reflect the different degrees of the effects of hydronephrosis on the kidney function. This finding may be related to the sensitivity by which NGAL indicates the presence of the stones. Consistent with prior findings, ROC curve findings showed that NGAL is highly correlated with hydronephrosis and kidney stones, and it can be used to predict the presence or absence of kidney stones and hydronephrosis. Our findings showed that mild hydronephrosis caused by kidney stones was sufficient to significantly increase the NGAL expression.

NGAL, also known as the human neutrophil lipoprotein, is a monomer composed of 178 amino acid residues. It functions as a 25-kDa monomer, self-polymerizes to form a 46-kDa homodimer, and polymerizes with MMP-9 to form a 135-kDa heterodimer (14, 19). NGAL is a recently identified lipocalin, which is synthesized in the bone marrow during myogenesis. It is exported from the bone marrow and stored in the neutrophil granules (20). It is expressed in non-hematopoietic organs and tissues, such as the colon, trachea, lung, and kidney epithelium (21). Stressed renal epithelial cells secrete NGAL (22, 23).

NGAL is highly expressed in animal kidneys and is released into the urine after ischemia or nephrotoxic injury (24). NGAL is one of the most rapidly upregulated genes after ischemic AKI in animals (24). It was noted in a study that after ischemia and nephrotoxic AKI, the urinary concentration of renal-induced NGAL increased several fold over a short period. Studies have shown that the plasma and urinary NGAL levels in critically ill patients are associated with AKI severity (25). Therefore, NGAL is considered a promising biomarker for AKI; yet, its clinical application as a biomarker may not be limited to AKI. Recent studies have shown that NGAL levels are associated with inflammation, immune response, chemotaxis, signal transduction, and occurrence and development of many types of tumors (15, 25).

Renal stones are caused by the abnormal accumulation of crystalline substances (such as calcium, oxalic acid, uric acid, and cystine) in the kidneys. It is a common disease that occurs more frequently in men than in women, and is particularly predominant in young men. Stones can occur in any part of the urinary system, but their formation often initiates in the kidneys. Kidney stones tend to be located in the renal pelvis or calyces, and can be discharged to the ureter or bladder (26, 27). Nearly all ureteral stones originate in the kidneys. Kidney stones often cause hydronephrosis, in which the kidney is swollen; this impairs the kidney function. Patients with hydronephrosis are often asymptomatic for extended periods, until renal colic, an abdominal mass, or waist swelling occurs. Hydronephrosis often influences kidney function at the early stages of the disease; however, its symptoms are not obvious and are often ignored. Currently, the serum creatinine level is the most frequently used marker of renal function. However, due to the hysteresis of serum creatinine, it does not accurately reflect the early temporal changes in the renal functioning. NGAL is a more sensitive indicator of the renal function; however, prior to this study, whether NGAL reflects the changes in the early renal function secondary to urinary stone-induced hydronephrosis remained unknown.

At the same time, we also note that there are some limitations in this study. Since this is the first time we have conducted a cohort study on the clinical significance of NGAL in the diagnosis of hydronephrosis caused by urinary calculi, the sample size of this study is small, the detection of urine creatinine level is lacking, and the analysis of NGAL and prognosis in patients with urinary calculi is lacking. We will further improve it in the follow-up cross-sectional study.



CONCLUSION

NGAL is a very sensitive indicator of hydronephrosis caused by urinary stone.
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