L))

Check for
updat

Original Article

Diagnostic value of urinary exosomal miR-23b-3p, miR-30a-5p,
and miR-151-3p in children with primary nephrotic syndrome

Dan Feng, Boying Wu, Yajiao Pang

Pediatric Department, Affiliated People’s Hospital of Ningbo University, Ningbo, China

Contributions: (I) Conception and design: D Feng, B Wu; (II) Administrative support: Y Pang; (IIT) Provision of study materials or patients: D Feng, Y
Pang; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: D Feng, B Wu; (VI) Manuscript writing: All authors; (VII)
Final approval of manuscript: All authors.

Correspondence to: Dan Feng. Pediatric Department, Affiliated People’s Hospital of Ningbo University; No. 251, Baizhang East Road, Yinzhou
District, Ningbo, China. Email: livia0123@163.com.

Background: Primary nephrotic syndrome (NS) is a common disease of the urinary system with an unclear
pathogenesis. We aimed to detect the levels of urinary exosomal miR-23b-3p, miR-30a-5p, and miR-151-3p
in children with primary NS, and to explore their diagnostic value for NS.

Methods: A total of 115 patients with NS who were admitted to the hospital from June 2017 to June 2019
were selected as the observation group. According to the disease progression, they were divided into an active
group (acute active phase, n=68) and remission group (remission phase, n=47). In all, 50 healthy children
were selected as the control group. Levels of urinary exosomal miR-23b-3p, miR-30a-5p, and miR-151-3p of
each group in different periods were detected.

Results: The 24-h urine protein, serum albumin (ALB), and serum total cholesterol (TC) levels were
significantly higher in the observation group than in the control group (P<0.05), while those in the active
group were significantly higher than those in the remission group (P<0.05). The levels of miR-23b-3p and
miR-30a-5p were significantly higher in the observation group than in the control group, and significantly
higher in the active group than in the remission group (P<0.05). No miR-151-3p was detected in the urinary
exosomes of the two groups. After treatment, levels of exosomal miR-23b-3p and miR-30a-5p in the two
groups both decreased significantly (P<0.05). Results of receiver operating curve (ROC) curve analysis
showed that urinary exosomal miR-23b-3p and miR-30a-5p can be used to identify children with NS and
healthy children. The area under the ROC curve (AUC) was 0.711 for miR-23b-3p and 0.844 for miR-30a-5p.
Conclusions: The levels of miR-23b-3p and miR-30a-5p in urinary exosomes of children with NS were
significantly higher than those in healthy children, and decreased significantly after treatment, indicating that
miR-23b-3p and miR-30a-5p in urinary exosomes are potential indicators for diagnosing the progression of
NS and monitoring the treatment effect.
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Introduction and a series of symptoms, such as low proteinemia and

Primary nephrotic syndrome (NS) is a common urinary hyperlipidemia (1). There are a variety of pathological

system disease of the pediatric population. In this types of NS, with micropathological type as a common

condition, a variety of causes may lead to an increase in type. Glucocorticoid therapy is the main means of clinical

the permeability of the glomerular filtration membrane,
resulting in the loss of a large amount of plasma protein
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treatment of NS, but there are still some children who

suffered from repeated attacks after treatment, or even
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progress to hormone-resistant NS, with poor therapeutic
effect (2). Exosomes are membrane vesicles secreted by cells
and widely exist in human body fluids. Exosomes contain
specific proteins, lipids, nucleic acids and other substances,
which are important carriers involved in cell communication
and material transport (3). Some scholars believe that the
overexpression of microRNA (miRNA) plays an important
role in the progression of kidney disease, and the expression
level of specific miRNA expression can reflect the severity
of kidney disease (4). It has been found that miRNAs
in humoral exosomes had high abundance and stability,
while the expression of miRNAs in urine exosomes was
closely related to the physiological function, pathological
changes and treatment strategy selection of the kidney (5).
At present, relevant studies have shown that certain
miRNAs including miR-200a, miR-200b, and miR-29 play
important roles in renal diseases like lupus nephritis and
immunoglobulin A (IgA) nephropathy (6). However, few
studies how examined the correlation between miR-23b-3p,
miR-30a-5p, and miR-151-3p levels and the pathogenesis
and progression of NS. Therefore, this study aimed to detect
the levels of miR-23b-3p, miR-30a-5p, and miR-151-3p
in the urine exosomes of children with NS, and to evaluate
their application as auxiliary diagnostic indicators for NS.
We present the following article in accordance with the
STARD reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1260).

Methods
General information

A total of 115 children with NS admitted to our hospital
from June 2017 to June 2019 were selected and divided
into an active group (n=68) and a remission group (n=47)
according to the progress of the disease. The active group
was the children with clinically confirmed NS, including 41
males and 27 females, ranging in age from 2 to 10 years old,
with an average age of 5.87+3.42 years old. As for disease
type, there were 47 cases of the simple type and 21 cases of
the nephritis type; for hormone reaction type, there were 48
cases of the sensitive type and 20 cases of the drug resistance
type. The remission group consisted of children who
improved and alleviated after comprehensive treatment with
hormones, cytotoxic drugs and immunosuppressive agents,
including 28 males and 19 females, ranging in age from 1 to
12 years old, with an average age of 6.15+3.18 years old. As
for disease type, there were 32 cases of the simple type and
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15 cases of the nephritis type; for hormone reaction type,
there were 35 cases of the sensitive type and 12 cases of the
drug resistance type. All patients received hormone therapy
and other adjuvant therapies including antihypertensive
drugs, cyclophosphamide, tacrolimus etc. In addition, 50
healthy children who underwent physical examination
during the same period were selected as the control group,
including 22 males and 28 females, ranging in age from 2
to 10 years old, with an average age of 6.07+2.35 years old.
The study was approved by the hospital ethics committee,
and differences in clinical baseline data between the groups
were not statistically significant (P>0.05), indicating they
were comparable.

The study was approved by the ethics committee of
People’s Hospital of Ningbo University (approval ID: 2020-
069). All the children’s family members signed the informed
consent. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013).

Inclusion and exclusion criteria

The inclusion criteria for participants were the following:
(D) clinical examination met the diagnostic criteria of NS (7),
urine protein >50 mg/kg/d; (II) aged <12 years; (III) all
family members signed the informed consent; (IV) no
ingestion of drugs that could affect the test indicators. The
exclusion criteria were the following: (I) patients diagnosed
with secondary or congenital NS; (I) patients with severe
urinary tract infection or other kidney diseases; or (III)
patients with malignant tumors by examination.

Extraction of total RNA from exosomes

Morning urine (8 mL) was taken from children with NS
and healthy children. After being centrifuged at room
temperature to remove the cells, the supernatant was
collected and stored in a refrigerator at -80 °C. The
exosomes were extracted from the supernatant with an
exosome extraction kit; and then the total RNA of the
exosome was extracted using the Trizol method. After being
dissolved by the addition of diethyl pyrocarbonate (DEPC),
the RNA was stored in the refrigerator at -80 °C until use.

Real-time fluorescent quantitative polymerase chain
reaction (RT-qPCR)

TagMan probe primers were used to detect the levels
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Table 1 Comparison of 24-h urinary protein, serum ALB, and TC levels in the three groups (¥+s)
ltem Active group Remission group Control group F P
Case 68 50 - -
24-h urinary protein (g) 6.23+1.23* 5.46+1.58"" 0.84+0.27 15.468 <0.001
ALB (g/L) 18.32+2.47* 22.53+3.67"" 32.75+3.81 19.153 <0.001
TC (mmol/L) 12.78+3.06* 10.46+3.41*" 5.23+2.86 12.476 <0.001

*, P<0.05 compared with the control group; #, P<0.05 compared with the remission group.

of miR-23b-3p, miR-30a-5p, and miR-151-3p in urine
exosomes of children. The reverse transcription reaction
system was 10 pL of the total volume. After mixing, the
mixture was put in the PCR machine to perform the reverse
transcription reaction, with the reaction conditions of 16 °C
for 30 min, 42 °C for 30 min, and 85 °C for 5 min; it was
finally stored at 4 °C. The reaction system of Real-time
fluorescent quantitative PCR (RT-qPCR) was 20 pL in a
96-well PCR plate. After mixing, the reaction conditions
were performed at 95 °C for 5 minutes, 95 °C for 15 seconds,
and 60 °C for 1 minute, for a total of 40 cycles.

Detection of 24 b-urine protein and serum indicators

A dry chemical method was used to detect the urine
protein level of children in the three groups. An automatic
biochemical analyzer was used to detect the serum
indicators, including albumin (ALB) and serum total
cholesterol (T'C), of children in the three groups.

Statistical analysis

Data were analyzed using SPSS 20.0 statistical software
(IBM, Armonk, NY, USA). Measurement data are expressed
as (T+s), and were analyzed using the single-factor analysis
of variance among multiple groups. Least significant
difference (LSD) #-test was used for multiple comparisons
of the homogeneity of variance, and Tamhane’s T2 test
was used for the analysis of data with uneven variance.
Measurement data of non-normal distribution are expressed
as [M (P25-P75)], Mann-Whitney U test was used for the
comparison between two groups, while the Kruskal-Wallis
H test was used for comparison among multiple groups.
Receiver operating curve (ROC) curve analysis was used to
analyze the diagnostic value of urinary exosome indicators
for NS. Results with a P value <0.05 were considered to be
significantly different.
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Results

Comparison of 2-b urine protein, serum ALB, and TC
levels in the three groups

The levels of 24-h urine protein, serum ALB, and TC of
NS children were significantly higher than those of the
control group (P<0.05), while those of the active group

were significantly higher than those in the remission group
(P<0.05, Table 1).

Comparison of the exosomal levels of miR-23b-3p, miR-
30a-5p, and miR-151-3p in the three groups

miR-151-3p could not be detected in the urine exosomes
of children with NS and healthy children. Interestingly, the
levels of miR-23b-3p and miR-30a-5p in children with NS
were significantly higher than those in the control group
(P<0.05), and the levels of miR-23b-3p and miR-30a-5p in
the active group were significantly higher than those in the
remission group (P<0.05, Table 2).

Comparison of exosomal miR-23b-3p and miR-30a-5p
levels before and after treatment in children with NS

Before treatment, there was no significant difference in the
levels of exosomal miR-23b-3p and miR-30a-5p between
the two groups of children (P>0.05). However, after
treatment, the exosomal miR-23b-3p and miR-30a-5p of
children in the two groups were significantly decreased
(P<0.05, Table 3).

ROC curve analysis

ROC curve analysis showed that detecting the levels
of urine exosomal miR-23b-3p and miR-30a-5p can
distinguish NS children from healthy children (P<0.05).
The area under the curve (AUC) of miR-23b-3p was 0.711
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Table 2 Comparison of exosomal miR-23b-3p, miR-30a-5p, and miR-151-3p levels in the three groups [M (P2s—P7s), fmol /L]

Exosomal miRNA Active group Remission group Control group H P
miR-23b-3p 10.58 (4.83-36.48) 8.63 (3.47-25.15) 0.56 (0.38-0.93) 12.138 <0.001
miR-30a-5p 18.57 (5.36-26.18) 15.62 (8.48-19.47) 8.62 (3.56-13.48) 25.172 <0.001
miR-151-3p - - - -
“~” indicates undetected level.
Table 3 Comparison of exosomal miR-23b-3p and miR-30a-5p levels before and after treatment in NS children [M (P25-P7s), fmol/L]
miRNA level Active group Remission group H P
miR-23b-3p
Before treatment 10.58 (4.83-36.48) 8.63 (3.47-25.15) 0.876 0.593
After treatment 2.68 (1.52-5.03)* 2.43(1.27-4.82)* 4.582 <0.001
miR-30a-5p
Before treatment 18.57 (5.36~26.18) 15.62 (8.48~19.47) 0.421 0.486
After treatment 10.48 (6.68-15.57)* 9.63 (5.54-13.42)* 3.517 <0.001

*, P<0.05 compared with the same group before treatment.
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Figure 1 Receiver Operating Characteristic Curve (ROC) curve
analysis of urine exosomal miR-23b-3p and miR-30a-5p in NS
children in the active group. ROC, receiver operating curve; NS,

nephrotic syndrome.
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and that of miR-30a-5p was 0.844 (Figure 1, Table 4).

Discussion

At present, the clinical diagnosis and monitoring of NS is
mainly depended on renal biopsy. However, renal biopsy is
a kind of traumatic examination, and children, due to their
young age, can be fearful of the examination process, which
in turn may affect the detection results (8). Therefore, it
is of great significance for the diagnosis and treatment of
NS to select non-invasive examination means to reflect the
pathophysiological status of the kidney (9). Exosomes are a
type of biologically active microvesicle secreted from cells,
which can mediate the exchange of substances inside and
outside of the cells (10). The exosomes in urine come from
kidney tissue, the miRNAs in which are quite stable. The
detection of miRNA in the exosomes can effectively reflect
the kidney status of patients and evaluate the therapeutic
effect. A variety of studies have shown that the expression
level of miRNA is related to the pathological process of
kidney disease, which may be a marker for the diagnosis of
kidney disease. Lorenzen et a/. (11) reported that the levels
of miR-16 and miR-320 were downregulated in patients
with acute kidney injury, while the level of miR-210 was
significantly increased, and interpreted these as noninvasive
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Table 4 Comparison of the diagnostic efficacy of urine exosomes miR-23b-3p and miR-30a-5p for NS
Indicator AUC P 95% ClI Younden'’s index Sensitivity (%) Specificity (%)
miR-23b-3p 0.786 <0.001 0.666-0.878 0.591 92.73 59.09
miR-30a-5p 0.780 <0.001 0.660-0.873 0.446 85.71 63.64

molecular markers for monitoring the progression of kidney
disease. Huang et 4. (12) have confirmed that the expression
level of urinary exosomal miRNA-193a is significantly
increased in focal segmental glomerulosclerosis (SGS),
which can assist in the diagnosis of the progression of SGS
as a potential diagnostic marker for kidney disease.

The results in this study showed that the 24-h urine
protein, serum ALB, and TC levels of NS children were
significantly higher than those of the control group, and the
24-h urine protein, serum ALB, and TC levels of the active
group were significantly higher than those of the remission
group. This indicates that the levels of 24-h urine protein
and serum indicators of NS children are significantly
higher than those of healthy children, and the more severe
the disease progression, the higher the 24-h urine protein
and serum indicator levels are. Due to the disorder of
the immune regulation mechanism and the increase of
glomerular filtration rate, the glomerular filtration rate in
children with NS is increased, resulting in the significant
increase of ALB content in the urine. At the same time,
the disorder of lipid metabolism in NS children also causes
the abnormal increase of TC level. This can explain why
the levels of 24-h urine protein, serum ALB, and TC of
NS children in our study were significantly higher than
those of healthy children (13). The comparison of urine
exosomal miR-23b-3p and miR-30a-5p levels of children
in the three groups revealed that the levels of miR-23b-3p
and miR-30a-5p of NS children in the observation group
were significantly higher than those in the control group;
After treatment, the levels of exosomal miR-23b-3p
and miR-30a-5p in NS children were both significantly
decreased compared to those before treatment, suggesting
that the levels of miR-23b-3p and miR-30a-5p change
with the development of the disease. Therefore, the levels
of exosomal miR-23b-3p and miR-30a-5p can effectively
reflect the progress of the disease and monitor the treatment
effect.

However, the molecular mechanism underlying
miRNA expression in kidney disease is still unclear. Some
researchers have proposed that the pathogenesis of NS is
related to immune disorders and changes of glomerular
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permeability, as well as the abnormal expression of miRNA,
which can also damage kidney function. Ho ez al. (14)
have found that miR-23b-3p is expressed in podocytes,
and the lack of miR-23b-3p can affect the integrity of the
glomerular basement membrane and cause damage to the
renal tubules. In addition, the signaling pathway mediated
by miR-23b-3p can down-regulate the expression of target
gene Hesl, thereby inhibiting the Notch signaling pathway
in monocyte formation and participating in the process of
glomerulopathy (15,16). In this study, the level of exosomal
miR-23b-3p in children with NS was significantly higher
than that in healthy children, which might because that the
injury of glomerular podocytes in children with NS results
in the upregulation of miR-23b-3p in urine exosomes.
miR-30a-5p is also reported to be one of the miRNAs
involved in the functional regulation of podocytes, which
can affect the structure and function of podocytes by
regulating the transcription factor (Xliml/Lhxl). After the
lost of miR-30a-5p, injury of podocytes is aggravated and
renal function is affected (17), which may be the reason for
the changes in the level of urine exosome miR-30a-5p in
children with NS in this study In this study, miR-151-3p
could not be detected that is different to previous research
results (18), which may be related to its lower expression
level in the urine exosomes of children and the difference
of detection methods. ROC curve analysis showed that
urine exosomal miR-23b-3p and miR-30a-5p levels can
distinguish NS children from healthy children. The AUC in
both groups were over 0.5, indicating that miR-23b-3p and
miR-30a -5p can be used as a potential molecular marker
for NS diagnosis, which combined with conventional
clinical indicators may improve the diagnostic efficiency of
flat NS.

In summary, the levels of miR-23b-3p and miR-30a-5p
in the urine exosomes of children with NS were
significantly higher than those of healthy children, and their
levels decreased significantly after treatment, indicating
that miR-23b-3p and miR-30a-5p in urine exosomes are
potential indicators for diagnosing the progress of NS and
monitoring the effect of treatment. Due to the limitation of
conditions, there are also some limitations that the sample

Transl Androl Urol 2020;9(5):2235-2241 | http://dx.doi.org/10.21037/tau-20-1260



2240

size is small, and there is no further analysis of the influence
of different urine exosome miRINA expression levels on NS
treatment selection, which needs to be further studied and
verified by further expanding the sample size.
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