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Circulating MicroRNAs as Potential Biomarkers for 
Nephrotic Syndrome
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Introduction. Recent studies have shown that serum microRNAs 
have specific expression patterns in some diseases, indicating the 
potential of using microRNAs to aid diagnosis. This study estimated 
the levels of microRNAs in patients with nephrotic syndrome 
compared with healthy controls.
Materials and Methods. In this study, real-time quantitative 
polymerase chain reaction was used to explore whether there were 
different expression levels of miR-181a, miR-483-5p, and miR-557 
in the serum of patients with nephrotic syndrome subtypes and 
healthy controls. We measured the three microRNAs in 40 patients 
with nephrotic syndrome and 16 healthy controls.
Results. The circulating levels of miR-483-5p and miR-557 were 
not significantly upregulated or downregulated, whereas miR-181a 
was significantly upregulated in patients with nephrotic syndrome 
as compared with healthy controls.
Conclusions. We found that circulating miR-181a had a significantly 
different expression and could be an effective means to aid diagnosis 
of nephrotic syndrome. This microRNA is an attractive candidate 
as a biomarker for nephrotic syndrome.
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INTRODUCTION
Nephrotic syndrome (NS) is not a single disease 

but a syndrome, a set of symptoms and signs 
that tend to occur together. Nephrotic syndrome 
has 4 common subtypes: mesangial proliferative 
glomerulonephritis, minimal change NS, focal 
segmental glomerulosclerosis, and membranous 
nephropathy. Nephrotic syndrome can be caused 
by one or more different diseases that increase 
the permeability of the glomerular basement 
membrane and induce massive plasma protein loss. 
Nephrotic syndrome is characterized by massive 
proteinuria, which leads to hypoproteinemia, 
hyperlipidemia, and edema.1 In addition, NS 
has many complications, including infection, 
thrombosis, acute kidney failure, renal tubule 
hypofunction, abnormal calcium metabolism, and 
endocrine disturbance.

It is important to develop early detection 
methods for the etiopathogenesis of NS. The ideal 
biomarker should be easily accessible, so that 
it can be sampled noninvasively, and sensitive 
enough to detect the early presence of NS. To 
date, the exact mechanisms involved in NS are 
not completely understood. To search for these 
biomarkers, such as interleukin-2 and mutations 
of the NPHS2 gene have been attempted.2,3 For 
example, serum soluble interleukin-2 receptor 
and multidrug resistant gene-1 gene expression 
levels are early predictors of steroid resistance 
in NS for early control of disease by immediate 
introduction of cytotoxic drugs.4 Mutations of 
NPHS2 gene are frequent among Iranian children 
with steroid-resistant nephrotic syndrome.5 Lots of 
work has been done in searching for biomarkers, 
from the aspects of DNA and protein, expecting 
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to illustrate the mechanism of NS and find ideal 
biomarkers for diagnosis and precaution of NS.

Currently, serum is one of the best subjects 
for research because of its easy collection and 
informative record of physiological condition.6,7 
MicroRNAs have become a hot topic of research 
since the first 2 microRNAs were discovered.8 
MicroRNAs are small, noncoding RNAs with 18 to 24 
nucleotides that regulate gene expression and play 
important roles in a variety of cellular functions.9,10 
MicroRNAs can regulate gene expression at the 
posttranscriptional level by blocking translation 
or degradation of messenger RNA.11,12 Recent 
studies have suggested that microRNAs play very 
important roles in development, apoptosis, and 
metabolism.13-15 Recent blood-based microRNA 
profiling studies have reported their presence 
in serum and plasma. This finding generated 
the hypothesis that circulating microRNAs may 
potentially be used as noninvasive biomarkers 
for diagnosis of cancer and other diseases.16-20 
MicroRNAs have many ideal characteristics as 
biomarkers, including their inherent stability and 
resilience; for example, they are known to be well 
preserved in tissue samples even after several 
years and can be efficiently extracted from and 
quantified in specimens.21

Some studies have suggested that microRNAs are 
released to the blood in microvesicles or apoptotic 
bodies.22,23 A recent study showed that microRNAs 
are released by a ceramide-dependent secretory 
machinery and that these secretory microRNAs 
are transferable and functional in the recipient 
cells.24 However, the secretory mechanisms and 
the biological function of circulating microRNAs 
need further investigation.

In this study, our aim was to estimate the levels 
of microRNAs in patients with NS compared with 
healthy controls. We determined the circulating 
levels of microRNAs in patients with NS by 
performing real-time quantitative polymerase 
chain reaction (PCR). The primary aim was to 
investigate whether renal-specific microRNAs 
were detectable and altered in the circulation of 
NS patients compared with healthy controls.

METHODS AND METHODS
Samples

Serum samples were taken from 40 patients with 
NS at a public hospital. They had been diagnosed 

with mesangial proliferative glomerulonephritis, 
minimal change NS, membranous nephropathy, or 
focal segmental glomerulosclerosis. The diagnoses 
were confirmed using clinical evidence. Patients 
whose diagnosis could not be confirmed were 
excluded. In addition, 16 samples from healthy 
people were taken at the physical center of the 
hospital. These diagnoses were also confirmed 
using clinical evidence. We divided these samples 
into 5 groups based on the above diagnoses.

All samples were collected after receiving 
informed consent from the participants. All study 
protocols abided by the Helsinki Declaration on 
ethical principles for medical research involving 
human subjects.

Sample collection and storage
Whole blood from the participants was collected 

into tubes. All blood was processed for serum by 
centrifugation within 3 hours. The serum was then 
stored at -80°C.

RNA Isolation
Total RNA was extracted from serum using 

Trizol (Invitrogen). The concentration and quality 
of total RNA was measured using the ratio of 
the ultraviolet absorbance at 260 nm and 280 nm 
(A260/280). If this ratio was approximately 2.0, a 
sample was considered acceptable. A ratio less than 
1.8 indicates protein or other contamination. In this 
study, all ratios were higher than 1.8, indicating 
that the RNA extraction was successful. All RNAs 
within a sample group were pooled and used for 
microRNA isolation and real-time quantitative 
PCR. Isolation of microRNA from the total RNA 
was performed using SYBR Green PCR Master Mix 
(Toyobo, Japan) according to the manufacturer’s 
instructions.

Candidate MicroRNA Selection
The potential renal-related microRNAs were 

chosen according to a previous microRNA 
microarray study.25 In that study, Sui and coworkers 
demonstrated that microRNAs were significantly 
differently expressed in patients rejecting kidney 
transplantation compared with healthy controls. 
For example, miR-181a, miR-483-5p, and miR-557 
were differentially expressed in the microRNA 
microarray. These were judged to be potential 
biomarkers for diagnosis and probable factors 
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involved in the pathogenesis of rejection. It has 
been reported that miR-181a is associated with 
lupus nephritis in renal biopsy samples, meaning 
it is linked to kidney damage.26 MiR-181a was 
overexpressed in human embryonic kidney 
cells.27 Kidney diseases are a family of disorders 
with heterogeneous etiologies. Therefore, we 
hypothesized that these three microRNAs might 
have an influence on kidney diseases.

Candidate MicroRNA Quantification
Real-time quantitative PCR analysis (ABI 

PRISM® 7500 Sequence Detection System, Life 
Technologies, USA) was used to quantify miR-181a, 
miR-483-5p, and miR-557 expression according 
to the manufacturer’s protocol. Cycle threshold 
(Ct) is the cycle number at which the fluorescence 
signal passed the appropriate threshold. The cycle 
parameters for the PCR reaction were 95°C for 15 
minutes, followed by 40 cycles of a denaturing step 
at 95°C for 10 seconds and an annealing/extension 
step at 60°C for 60 seconds. All reactions were run 
in triplicate. The relative amount of each microRNA 
to U6 RNA was calculated using the equation 
2−ΔCt, where ΔCt = Ct microRNA − Ct U6. RNA 
was reverse transcribed to complementary DNA 
with gene-specific primers. Real-time quantitative 
PCR primers are listed in Table 1. The microRNAs 
analyzed included miR-181a, miR-483-5p, and 
miR-557.

Statistical Analyses
The resulting microRNA expression levels were 

log transformed for analysis. Quantitative data 
were expressed as the mean ± standard deviation. 
Expression levels of microRNAs were analyzed 
using the 2--ΔΔCt method. Quantitative data were 
compared using the t test among groups, and the 
SPSS software (Statistical Package for the Social 
Sciences, version 13.0, SPSS Inc, Chicago, Ill, USA) 
was used for analysis of variance between the 5 
groups. Results with a P value less than .05 were 
considered significant.

RESULTS
Detailed clinical and demographic information is 

listed in Table 2. To explore circulating microRNAs 
as novel biomarkers for NS, we measured the levels 
of three target microRNAs (miR-181a, miR-483-5p, 
and miR-557; Table 3) in the circulation of 40 NS 
patients compared with 16 normal subjects. The 
expression of one renal-associated microRNA (hsa-
miR-181a) was very different between patients 
and controls, corresponding to an average fold-
change of 19.1722 (minimal change NS), 20.0893 
(mesangial proliferative glomerulonephritis), 
20.201 (membranous nephropathy), and 32.9247 
(focal segmental glomerulosclerosis), respectively 
(P < .05; Tables 3 and 4). In contrast, expression 
of circulating miR-483-5p and miR-557 did not 
differ significantly between NS patients and 

Gene Name Accession
Number Primer Sequence Length (Base Pairs) Annealing

Temperature, °C
miR-181a MIMAT0000256 5’ACACTCCAGCTGGGA

ACATTCAACGCTGTCGG3’
73 60

miR-483-5p MIMAT0004761 5’ ACACTCCAGCTGGGA
AGACGGGAGGAAAGAAG3’

72 60

miR-557 MIMAT0003221 5’ACACTCCAGCTGGGGTTT3’ 73 60
U6 5’GCACGGGTGGGCCTT3’ 94 60

Table 1. Reverse-transcription and Real-time Quantitative Polymerase Chain Reaction Primers

Group

Characteristic
Normal 
Control
(n = 16)

Minimal Change 
Nephrotic Syndrome

(n = 10)

Mesangial Proliferative 
Glomerulonephritis

(n = 10)

Membranous 
Nephropathy

(n = 10)

Focal Segmental 
Glomerulosclerosis

(n = 10)
Age, y 40.23 ± 2.31 19.97 ± 2.10 32.78 ± 8.64 25.42 ± 10.64 41.33 ± 14.96
Serum total cholesterol, 

μmol/L
3.26 ± 1.80 13.16 ± 3.52 8.07 ± 3.94 8.50 ± 2.74 11.16 ± 5.16

Triglyceride, mmol/L 1.25 ± 0.81 2.74 ± 0.93 2.50 ± 0.61 3.39 ± 1.96 4.72 ± 3.16
Total protein, μmol/L 68.07 ± 7.61 38.15 ± 5.81 41.99 ± 9.27 31.72 ± 3.98 47.71 ± 1.09
24-hour urine protein, g/d 0.06 ± 0.01 4.11 ± 3.61 3.27 ± 2.33 3.98 ± 3.22 3.82 ± 3.08

Table 2. Clinical Characteristic of Patients With Nephrotic Syndrome and Healthy Controls
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controls (Table 3 and Table 4). We also compared 
the expression of microRNAs pairwise between 
subtypes of NS. These data are listed in Table 3 
and Table 4.

DISCUSSION
As research into microRNAs continues, new 

microRNAs are being continually discovered, and 
their functions are being confirmed one by one. 
Inherent characteristics of microRNAs, such as 
their lower complexity, tissue-specific expression 
profiles, and stability, make these molecules ideal 
biomarkers to indicate various physiological and 
pathological states. The roles and functions of 
microRNAs may have broader implications; for 
example, microRNAs may serve as novel biomarkers 
for kidney disease prediction. Recent studies have 
suggested that microRNAs are potent regulators of 
the immune response, possessing great potential 
as both biomarkers and therapeutic targets,28,29 
and are remarkably stable in the bloodstream.30 
Circulating microRNAs have emerged recently 
as candidate biomarkers for disease, particularly 
cancer. In this study, serum samples were taken 
from 40 NS patients, demonstrating that microRNA 
can be detected in human serum. We divided 
these samples into groups and used real-time 
quantitative PCR to explore whether there were 
different expression levels of miR-181a, miR-
483-5p, and miR-557 in NS and healthy controls. 
We found that these three microRNAs exhibited 
different expression patterns. MiR-483-5p and 
miR-557 were not significantly upregulated or 
downregulated, whereas miR-181a was significantly 
upregulated in NS patients versus healthy controls. 
The circulating levels of miR-181a, miR-483-5p, 
and miR-557 showed no significant upregulation 
or downregulation among subtypes of NS.

Our study indicates that microRNAs with NS-
specific expression could be effective aids in the 
diagnosis of NS. This study was the first report 
of circulating microRNAs in NS patients, and 
our results demonstrate that renal-associated 
microRNAs in serum can potentially serve as novel 
biomarkers for NS. These three candidate circulating 
microRNAs are attractive candidates as biomarkers 
and therapeutic targets for NS, meriting further 
attention to this area. In particular, the circulating 
level of miR-181a was significantly upregulated in 
patients with NS. Therefore, circulating miR-181a 

G
ro

up
R

at
io

M
ic

ro
R

N
A

N
or

m
al

 
C

on
tr

ol
M

C
N

S
M

sP
G

N
M

N
FS

G
S

M
C

N
S/

N
C

M
sP

G
N

/
N

C
M

N
/N

C
FS

G
S/

N
C

M
sP

G
N

/ 
M

C
N

S
M

N
/

M
C

N
S

FS
G

S/
M

C
N

S
M

N
/

M
sP

G
N

FS
G

S/
M

sP
G

N
FS

G
S/

M
N

m
iR

-1
81

a
7.

93
13

19
.1

72
2

20
.0

89
3

20
.2

01
32

.9
24

7
2.

41
73

2.
53

29
2.

54
69

4.
15

12
1.

04
78

1.
05

36
1.

71
73

1.
00

55
1.

63
89

1.
62

98
m

iR
-4

83
-5

p
7.

35
19

9.
60

46
8.

02
97

6.
80

97
7.

04
77

1.
30

64
1.

09
21

0.
92

62
0.

95
86

0.
83

60
0.

70
90

0.
73

37
0.

84
80

0.
87

77
1.

03
49

m
iR

-5
57

6.
45

63
7.

72
35

7.
60

14
7.

38
27

6.
30

25
1.

19
62

1.
17

73
1.

14
34

0.
97

61
0.

98
41

0.
95

58
0.

81
60

0.
97

12
0.

82
91

0.
85

36

*M
ic

oR
N

As
 a

re
 a

rra
ng

ed
 a

cc
or

di
ng

 to
 m

ic
ro

R
N

A 
na

m
es

. I
f t

he
 ra

tio
 is

 h
ig

he
r t

ha
n 

2 
or

 le
ss

 th
an

 0
.5

, t
he

 d
iff

er
en

ce
 is

 re
co

gn
iz

ed
 a

s 
si

gn
ifi

ca
nt

. I
f t

he
 ra

tio
 h

ig
he

r t
ha

n 
1,

 th
e 

di
ffe

re
nc

e 
is

 
up

re
gu

la
tio

n;
 o

th
er

w
is

e,
 it

 is
 d

ow
nr

eg
ul

at
io

n.
 M

PG
N

 in
di

ca
te

s 
m

es
an

gi
al

 p
ro

lif
er

at
iv

e 
gl

om
er

ul
on

ep
hr

iti
s;

 M
C

N
S,

 m
in

im
al

 c
ha

ng
e 

ne
ph

ro
tic

 s
yn

dr
om

e;
 F

SG
S,

 fo
ca

l s
eg

m
en

ta
l g

lo
m

er
ul

os
cl

er
os

is
; 

an
d 

M
N

, m
em

br
an

ou
s 

ne
ph

ro
pa

th
y.

Ta
bl

e 
3.

 S
er

um
 M

ic
ro

R
N

A 
Ex

pr
es

si
on

 in
 N

ep
hr

iti
c 

Sy
nd

ro
m

e 
an

d 
N

or
m

al
 C

on
tro

l G
ro

up
s*



MicroRNAs in Nephrotic Syndrome—Sui et al

375Iranian Journal of Kidney Diseases | Volume 8 | Number 5 | September 2014

might present a potential candidate biomarker to 
distinguish between NS and healthy controls. It 
must be remembered that we chose only three 
microRNAs and cannot exclude the possibility 
of other specific circulating microRNAs. The 
sensitivity and specificity of other potential 
microRNAs need to be further investigated, and 
much research is needed to confirm the results. 
To validate these findings and further explore the 
potential of circulating microRNAs as novel and 
clinically useful biomarkers for kidney diseases, 
further evaluation of blood-based microRNAs in 
NS and other kidney diseases is needed.

We searched for targets of the three selected 
microRNAs using TargetScan Release 4.2: April 
2008 at www.targetscan.org. The predicted targets 
of each microRNA are listed in Table 5. Moreover, 
we can predict their targets with target predictions 
tools such as miRanda available at http://www.
microrna.org and miRBase available at http://
microrna.sanger.ac.uk/targets/v2/etc.31

CONCLUSIONS
Our study found that circulating miR-181a, with 

a significantly different expression in NS patients 
versus controls, could be an efficient means to aid 
the diagnosis of NS and is an attractive candidate 
as a biomarker for NS. This is a renal-specific 
microRNA that was detectable and altered in the 
circulation of NS patients. Our analysis suggests 
that changes in the circulating levels of microRNAs 
might influence critical pathways involved in NS 

development. This finding will help elucidate 
possible pathogenic mechanisms of NS. Our work 
may lead to novel methods to diagnose and treat 
NS and provide a novel research approach for 
other diseases.
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