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Abstract: Exosomes are small membrane vesicles with size of 30-100 nm, which were found in bodily fluids includ-
ing amniotic fluid and saliva. The biological materials in exosomes, such as proteins and RNA, can be used as novel 
potential biomarkers for diagnostic assays. The purpose of this study was to assess whether exosomal microRNAs 
(miRNAs) could be used as biomarkers to prenatally diagnose congenital hydronephrosis and to evaluate fetal 
kidney function. Transmission electron microscopy (TEM), flow cytometry (FACS), and western-blot were applied to 
identify exosomes in the amniotic fluid from fetuses with congenital hydronephrosis and healthy controls. Exosomal 
miRNA was extracted according to the manufacturer’s protocol and used for microarray. The differentially expressed 
miRNAs were selected for further study. The miRNA targets were analyzed to assess their possible function in the 
pathophysiology of obstructive nephropathy, and the miRNA array results were confirmed by qPCR. Amniotic fluid 
exosomes were identified based on CD24 and CD9 expression. The has-miR-942, has-miR-4289, has-miRPlus-
A1073, and has-miR-195-3p were up-regulated in amniotic fluid exosomes from fetuses with congenital hydro-
nephrosis comparing with those in healthy controls, and 35 had reduced expression levels. These results were 
confirmed by using qPCR. After integrating the miRNAs targets predicted via three databases and subjecting those 
target genes to KEGG pathway analysis, we found that the target genes of hsa-miR-300 and hsa-miR-299-5p were 
determined to be part of the Wnt signaling pathway. In addition, DVL2, PP2R5A, SRFP2, and SIAH1 predicted as tar-
get genes of has-miR-300 and has-miR-299-5p are informative for further exploration of congenital hydronephrosis 
pathologies. The reduced expression of hsa-miR-300 and hsa-miR-299-5p in the amniotic fluid of congenital hydro-
nephrosis could be a biomarker for kidney fibrosis associated with congenital obstructive nephropathy.
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Introduction

Congenital hydronephrosis could cause acute 
or chronic damage to the fetal kidney. As one of 
the most common abnormalities of urinary sys-
tem, congenital hydronephrosis is associated 
with pathological changes in the kidney and 
leads to postnatal infant mortality. Approxi- 
mately 15-20% of infants with congenital hydro-
nephrosis require surgery [1], particularly when 
both of the kidneys were obstructed, resulting 
in rapid deterioration of kidney function. Ulti-
mately, dialysis or a renal transplant may be 
required for the infant to survive. In other cases, 
hydronephrosis may disappear over time if 
there is no sign of urinary obstruction. It is a 
great challenging for both fetal medicine physi-
cians and pediatric surgeons to prevent the 
loss of kidney function from obstructive urinary 

diseases. However, evaluation of kidney func-
tion and early diagnosis of prenatal urinary dis-
eases have been stumbled due to lack of 
biomarkers.

Exosomes have no cytoplasmic organoids, such 
as the lysosome, mitochondrion, endoplasmic 
reticulum, nucleolus, and Golgi apparatus. 
Exosomes are also more stable and have a 
more homogeneous modality than other larger 
vesicles, such as apoptotic bodies [2]. The pro-
duction of exosomes is initiated when cell mem-
brane proteins transfer to early endosomes by 
inward budding. In early endosomes, molecules 
are either recycled to the plasma membrane or 
enwrapped into internal vesicles, commonly 
called multi-vesicular bodies (MVBs). Exosomes 
could be secreted by variety types of cells, such 
as dendritic cells, macrophages, lymphocytes, 
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salivary gland epithelial cells, and tumor cells 
[3]. They have also been found in saliva, plas-
ma, urine, amniotic fluid, malignant ascites, 
and bronchial veolar lavage fluid [4]. Many 
important biological materials, such as mes-
senger RNA (mRNA), microRNAs (miRNAs), pro-
teins, lipids, and DNA were found in Exosomes. 
Exosomes released from different cell types 
contain different biological information and 
therefore have different functions [4]. Interes- 
tingly, recent studies have demonstrated that 
exosomes can transfer their contents, such as 
mRNA and miRNAs to other cells, indicating 
that intracellular messages can be transmitted 
through exosome uptake. Exosomes could also 
transmit information via binding to receptors 
on the cell surface and activating cell signaling 
pathways [5, 6]. As a highly glycosylated glyco-
syl phosphatidylinositol (GPI)-anchor protein, 
CD24 was believed to be involved in cell-cell 
adhesion and signaling, which has been found 
in various cancers including nasopharyngeal 
carcinoma, glioma cancer, breast cancer, and 
renal cell carcinoma [7]. CD9 is a member of 
tetra-span in superfamily with a highly con-
served tertiary structure consisting of four 
trans-membrane domains, which is associated 
with many tissue-specific trans-membrane pro-
teins [8]. Keller et al. showed that CD24 and 
CD9 were detected in exosomes secreted form 
amniotic fluid, which inspired researchers to 
developing methods utilizing this biomarker for 
prenatal diagnosis [9]. Recently, exosomes 
have been found to contain biological messag-
es, such as proteins and RNA, which could influ-
ence gene expression and signal transduction 
in cells [10]. Exosomal proteins and RNA can 
also be used as biomarkers to diagnose dis-
ease and predict disease outcome [11]. The 
discovery of exosomes in human amniotic fluid 
could provide a novel avenue to study fetal kid-
ney diseases.

The miRNAs are small single stranded RNAs 
(21-25 nucleotides). They regulate gene expres-
sion in both human and plant cells. The miRNAs 
generally exert their regulatory effects at the 
post-transcriptional level by binding to the 
3’-untranslated region of the target mRNA. The 
degree of complementarity between the miRNA 
and the target mRNA determines the negatively 
regulation mechanism for gene expression. A 
perfect match between the miRNA and the tar-
get mRNA results in the cleaved mRNA by the 

RISC complex, while an imperfect match leads 
to translational repression of the mRNA. The 
suppressed mRNAs can be released to induce 
translation if required [12]. The discovery and 
characterization of miRNAs in the last decade 
has revolutionized our understanding of the 
regulatory functions of RNA in tissue and organ 
development and in the pathophysiology of cel-
lular aging. There is also evidence that miRNAs 
have important functions in a variety of kidney 
diseases, such as renal cancer, polycystic kid-
ney disease, EMT, IgA renal disease, lupus 
nephritis, and kidney allograft rejection [13-
18]. However, there is rare contribution devot-
ed to the relationship between miRNAs and 
obstructive nephropathy. In this study, we 
intend to make a first step elaborate about the 
relationship between miRNAs and congenital 
obstructive nephropathy before the children 
were born.

Material and methods

Chemicals and antibodies

FITC Mouse Anti-Human CD24 (555427, HAS, 
1:50, BD), PE Mouse Anti-Human CD9 (555372, 
HAS, 1:50, BD), CD24 antibody (sc-11406, 
SANTA CRUZ, 1:200), CD9 antibody (sc-9148, 
SANTA, 1:200).

Human samples

This study was approved by the ethics commis-
sion of the first affiliated hospital of SUN YAT-
SEN UNIVERSITY. Routine amniocentesis was 
performed to acquire 10 mL of amniotic fluid 
from eight pregnant women who had indica-
tions for a prenatal diagnosis of congenital 
hydronephrosis during the second trimester of 
pregnancy from September 2010 to September 
2012. None of the pregnant woman had com-
plications resulting from the amniocentesis. All 
of the acquired amniotic fluid was stored at 
-80°C until preforming isolation and identifica-
tion. For microarray analysis, four fetuses with 
hydronephrosis in one or both kidneys were 
enrolled into the experimental group and fetus-
es with no congenital abnormalities were 
enrolled into control group. None of the fetuses 
had dilated ureter(s). 

Isolation of exosomes

Amniotic fluid samples (10 mL) were vortexed 
for 2 min immediately after thawing at 4°C. To 
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isolate the micro-vesicles, the amniotic fluid 
was centrifuged for 20 min at 300×g to remove 
cells and 20 min at 10,000×g to remove  
cellular debris. The vesicles were pelleted by  
centrifugation for 2.5 h at 100,000×g in a 
Beckmann ultracentrifuge. The vesicle pellet 
was re-suspended in 2 mL of PBS sample buf-
fer for analysis or processed by sucrose density 
centrifugation. Isolated exosomes were loaded 
onto a sucrose step gradient with the layers: 2 
M, 1.3 M, 1.16 M, 0.8 M, 0.5 M and 0.25 M 
sucrose as described in reference [19]. The 
gradients were centrifuged for 2.5 h at 
100,000×g in a Beckman ultracentrifuge. 200 
μL fractions were collected from the top of the 
gradient.

Transmission electron microscopy (TEM)

Briefly, about 20 μL of the exosome preparation 
was layered onto formvar-coated 200 mesh 
copper grids, and allowed to dry under an 
incandescent lamp for 2 min. Then the copper 
grids were negatively stained with phosphato-
tungstic acid. Imaging was obtained under a 
transmission electron microscope operated 
between 60 kV.

Flow cytometry (FACS)

Exosomes were incubated overnight with  
beads at 4°C with gentle shaking. Blocking  
was performed by adding 300 μL of 200 mM 
glycine and incubating for 30 min. The exo-
some-bead complexes were washed three 
times in staining buffer. Then the PE Mouse 

Anti-Human CD9 and FITC Mouse Anti-Human 
CD24 were added separately to the exosome-
bead complexes and incubated for 40 min with 
gentle shaking. The exosome-bead complexes 
were used for FACS analysis after three times 
of washing with staining buffer.

Western blot analysis

The exosome pellets were dissolved in protein 
lysis buffer, pipetted thoroughly, and then vor-
texed. To further lyse the exosomes, the sam-
ples were sonicated in a water bath three times 
for 5 min and vortexed between sonication 
steps. Finally, the samples were centrifuged at 
14 000×g for 3 min at room temperature. The 
supernatant was transferred to a new eppen-
dorf tube. The proteins were separated and 
transferred to a membrane by gel electrophore-
sis and electroblotting. The membrane was 
blocked and washed before immunestaining 
for detection of proteins enriched in the exo-
somes. Immunoreactive bands were detected 
by chemiluminescence using a digital imaging 
system and analysis software.

Extraction of exosomal RNA

TRIzol was used to extract the exosomal RNA 
according to the manufacturer’s protocol. The 
quality of the total RNA was examined using an 
ultraviolet spectrophotometer.

miRNA microarray analysis

The 6th generation of Exiqon’s miRNA microar-
ray contains more than 1891 capture probes, 
including all of human, mouse, and rat miRNAs 
annotated in miRBase 16.0, as well as all of the 
viral miRNAs for these species. In addition, this 
array contains capture probes for 66 new miR-
Plus™ human miRNAs. These are proprietary 
miRNAs not found in miRBase. Exiqon’s miRNA 
arrays feature Tm-normalized LNA™-enhanced 
capture probes, designed for excellent specific-
ity and sensitivity, even for AT-rich miRNAs. The 
arrays are also highly reproducible and have a 
99% correlation between arrays and a dynamic 
range greater than five orders of magnitude.

KEGG pathway analysis of miRNA target genes

We have integrated miRNA targets in our propri-
etary database from three miRNA target data-
bases, including Miranda, Mirbase and Target- 

Figure 1. Representative TEM image of exosomes 
isolated from amniotic fluid. The exosomes (indicat-
ed with arrows) with size of 40 nm-100 nm had atypi-
cal cup-shaped morphology, and were surrounded by 
a two-layer lipid membrane. Both surrounding and 
inside areas of the exosomes have negative staining 
effect.
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scan. By using this database, once a miRNA 
that was confirmed to be up- or down-regulat-
ed, genes with target sites for at least two co-
expressed miRNAs (simultaneously up- or 
down-regulated) could be identified as a poten-
tial cooperative target gene set and their pos-
sible functions in the pathophysiology of 
obstructive nephropathy would be also sug-
gested. To facilitate the functional annotation 
and analysis of large lists of genes in the regu-
latory network, we input the target genes for 
KEGG term enrichment analysis.

qPCR analysis to confirm miRNA expression 
profiles

Routine amniocentesis was performed to 
acquire 10 mL of amniotic fluid from another 
16 pregnant women who had indications for 
prenatal diagnosis. Eight fetuses with hydrone-
phrosis in one or both kidneys were enrolled 
into experimental group. None of the fetus had 
a dilated ureter or ureters. The other 8 fetuses 
with no congenital abnormalities were enrolled 
into the control group. None of the pregnant 
women experienced complications related to 
the amniocentesis. The amniotic fluid was 

94°C for 15 s and 62°C for 7 min. Ct values for 
each sample were determined and normalized 
to GAPDH.

Results

Morphology of exosome under TEM

To ensure the existence of exosomes in amni-
otic fluid, we applied the TEM to investigate the 
morphology of exosomes. The exosomes with 
size of 40 nm-100 nm had a typical cup-shaped 
morphology, and were surrounded by a two-
layer lipid membrane. The exosomes were not 
disorganized so that it could reflect the bona 
fide molecular profiles of the fetus. Both the 
areas surrounding and inside the exosomes 
had a negative staining effect (Figure 1).

Exosomal expression of CD24 and CD9 in am-
niotic fluid

The presence of exosomes in the amniotic fluid 
was confirmed using the exosome specific 
markers CD24 (Figure 2) and CD9 (Figure 3) by 
FACS. CD24 positive beads were concentrated 
in Q4, and 92.23%±3.8% of events was CD24+. 

Figure 2. Representative FACS analysis plots for CD24 expression on exo-
some-bead conjugates. 

stored at -80°C until further 
use. Differential centrifugation 
was applied to obtain purified 
exosomes from the amniotic 
fluid. TRIzol was used to 
extract RNA from exosomes 
according to the manufactur-
er’s protocol. The qPCR was 
then performed to verify the 
reliability of the miRNA micro-
array results. The cDNA was 
synthesized with High Capacity 
RNA-to-cDNA Kit (Life technol-
ogies), and then amplified with 
SYBR qPCR Mix (TOYOBO, 
Japan). Real-time PCR was per 
formed in Applied Biosy- 
stems 7300 Sequence Detec- 
tion system. The 10 μl mixture 
containing 0.70 μl RT product, 
1× TaqMan Universal PCR 
master mix, and 1 μl of prim-
ers and probe mix of the 
TaqMan MicroRNA Assay pro-
tocol (PE Applied Biosystems) 
was incubated in a 96-well 
optical plate at 95°C for 10 
min, followed by 37 cycles of 



Amniotic fluid miRNAs for congenital obstructive nephropathy

1758 Am J Transl Res 2017;9(4):1754-1763

Similarly, CD9 positive beads were concentrat-
ed in Q1, and 68.3%±5.9% of events was CD9+. 
In addition, both CD24 and CD9 were detected 
by western blot in exosomes from amniotic fluid 
(Figure 4).

RNA quality analysis

To ensure that RNA content between experi-
mental and control group is not an influence 
factor for expression level of specific miRNAs, 
the RNA quality of each sample was quantified. 
The concentrations of exosomal RNA isolated 
from the control samples were 28.67 ng/μL, 
30.02 ng/μL, 37.57 ng/μL, and 21.08 ng/μL. 
The concentrations of exosomal RNA harvested 
from the experimental group samples were 
49.41 ng/μL, 24.57 ng/μL, 24.24 ng/μL, and 

hierarchically clustered and visualized in a heat 
map (Figure 5). Each row represents an indi-
vidual miRNA and each column represents an 
individual sample. The miRNA clustering tree is 
shown on the left, and the sample clustering 
tree appears at the top. Cluster analysis 
arranged the samples and miRNAs into groups 
based on their expression levels, in which the 
relationships between miRNAs and samples 
were apparent and intuitive. It is obvious that 
the experimental group was separated from 
control group.

KEGG pathway analysis of miRNA target genes

In the 39 differentially expressed miRNAs, four 
miRNAs were elevated in the congenital hydro-
nephrosis samples comparing with the con-
trols, and 35 miRNAs were reduced in the con-
genital hydronephrosis samples. Based on pre-
vious research and the results of our microar-
ray analysis, we selected 12 of the differen- 
tially expressed miRNAs for further analysis: 
hsa-miR-3201, hsa-miR-4255, hsa-miR-3146, 
hsa-miR-548aa/hsa-miR-548t-3p, hsa-miRPlus- 
A1073, hsa-miR-299-5p, hsa-miR-2355-3p, 

Figure 3. Representative FACS analysis plots for CD9 expression on exo-
some-bead conjugates.

26.77 ng/μL. The average con- 
centration of purified exosom-
al RNA was not significantly 
different among groups. On 
average, 30.28 ng/μL of exo-
somal RNA was collected from 
the control and hydronephro-
sis groups.

Hierarchical clustering of dif-
ferentially expressed miRNAs 
separated from experimental 
and control group

Since no differences were 
detected in RNA content be- 
tween the exosomes in experi-
mental and control group, mi- 
RNA profiling was conducted 
by using microarray chip. The 
differentially expressed miR-
NAs were defined as those 
with log transformed absolute 
fold change beyond 1.5. In 
total, we identified 39 miRNAs 
that were differentially expre- 
ssed between hydronephrosis 
and control group, which was 

Figure 4. Representative western blot images of 
CD24 and CD9 expression in purified exosomes.
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hsa-miR-195-3p, hsa-miR-300, hsa-miR-4289, 
hsa-miR-942, and hsa-miR-4329. Among them, 
has-miR-942, has-miR-4289, has-miRPlus-
A1073, and has-miR-195-3p were up-regulated 
in the samples with hydronephrosis and the 
others were down-regulated. Then, potential 
target genes were searched by using Mirbase, 
Miranda, and Targetscan. The 12 miRNAs had 
27266 possible target genes in Miranda, 2812 
in Mirbase, and 3729 in Targetscan. For these 
possible target genes, 145 were identified by 
all three databases. The 145 potential targets 
were analyzed using the KEGG pathways. Since 
the Wnt signaling pathway has been reported 
to play a critical role in the process of kidney 

fibrosis, we focused on the genes involved in 
this pathway. Finally, four genes implicated in 
this pathway, DVL2, PPP2R5A, SRFP2, and 
SIAH1 were identified. By TargetScan predic-
tion, two miRNAs were found to be up-regulated 
in hydronephrosis samples as potential regula-
tor of these genes, has-miR-300 and has- 
miR-299-5p.

hsa-miR-300 and hsa-miR-299-5p were re-
duced in congenital hydronephrosis

Consistent with the results from the microarray 
analysis, qPCR showed that the expressions of 
hsa-miR-300 and hsa-miR-299-5p were reduc- 
ed in the congenital hydronephrosis samples 

Figure 5. Cluster analysis for 39 selected miRNAs from amniotic fluid exosomes. Left cluster represents control 
and right cluster represents samples with hydronephrosis. The top bar is legend indicating colors corresponding to 
expression levels.
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comparing with the normal samples (Figure 6; 
Table 1).

Discussion

Congenital urinary diseases are abnormalities 
that lead to pathophysiological changes in the 
fetal kidneys and cause acute or chronic dam-
age. Congenital urinary diseases are also asso-
ciated with kidney pathology and infant mortal-
ity [20]. Currently, there are no biomarkers for 
prenatal evaluation of kidney function and diag-
nosis of urinary diseases before the child is 
born. Recently, biological messages, such as 
proteins and RNA, have been found in exo-
somes, which could influence gene expression 
and signal transduction in cells. Exosomal pro-
teins and RNA can also be applied as biomark-
ers for disease diagnose and outcome predic-
tion [21, 22]. The discovery of exosomes in 
human amniotic fluid could provide a novel 
avenue to study fetal kidney diseases [21]. We 

demonstrated the presence of exosomes in the 
amniotic fluid using TEM, FACS, and western-
blot. Amniotic fluid exosomes expressed both 
CD24 and CD9. These exosomes contain 
almost equal quality of RNA in hydronephrosis 
samples and control ones, and the differential-
ly expressed miRNAs identified from them are 
informative with regards to positivity of dis-
ease. Therefore, these exosomes may provide 
a novel basis for further research.

Using CD24 as a marker, Keller et al. [23] have 
demonstrated that the amniotic fluid exosomes 
was generated from fetus’ kidneys. The exo-
somes used in this study showed positive for 
both CD24 and CD9, which is consistent with 
the published findings at http://www.exocarta.
org/. Therefore, the materials in the exosomes, 
such as mRNA, miRNAs, proteins, lipids, and 
DNA can be used as biomarkers of prenatal kid-
ney function for fetal kidney disease diagnose 
and prenatal intervention guidance.

Analysis of human urinary exosomal mRNA 
could provide novel insights about genetic kid-
ney diseases, such as Autosomal Dominant 
Polycystic Kidney Disease (ADPKD) [24]. After 
purifying exosomes from the amniotic fluid, the 
RNA could be extracted at concentration of 
30.29 ng/μL, suggesting RNA from amniotic 
fluid exosomes could be applied as biomarkers 
to diagnose fetal kidney diseases and evaluate 
fetal kidney function. Alterations of miRNAs in 
urinary exosomes are associated with kidney 
function, indicating various chronic kidney dis-
eases [25, 26].

Obstructive uropathies account for the majority 
of cases and occur in approximately 1:2000 
pregnancies [27]. Obstruction at the level of 
the urethra must be bilateral and it might 
involve some or all of the urinary tract. The 
majority of genitourinary abnormalities are 
diagnosed around 18-20 weeks. However, with 
the increasing use of first-trimester screening, 
more severe renal anomalies are being noted 
between 11 and 14 weeks by ultrasound. An 
accurate antenatal diagnosis allows caregivers 
and parents to plan for appropriate prenatal 
and postnatal care, consider prenatal interven-
tion, and for parents to make psychological 
adjustments. Prenatal radiology can usually 
provide information only pertaining to changes 
in kidney modality, and not pathophysiological 
changes to the fetal kidneys or deterioration of 

Figure 6. qPCR for expression levels of hsa-miR-300 
and hsa-miR-299-5p in samples from fetuses with 
congenital hydronephrosis and healthy controls. The 
results confirmed that expression of both miRNAs 
was reduced in the hydronephrosis samples compar-
ing with the controls.

Table 1. The expressions of hsa-miR-300 and 
hsa-miR-299-5p in experiment and control 
groups
miRNA exp ctl
hsa-miR-299-5p 0.756±1.375 1.000±1.152
hsa-miR-300 0.128±0.226 1.000±1.045
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fetal kidney function. Therefore, an objective 
biomarker that can be used to evaluate and 
monitor fetal kidney function and to guide ther-
apy would be a valuable clinical tool, particu-
larly for guiding early intervention for obstruc-
tion, which could promote the recovery of kid-
ney function [28]. Obstructions in the fetal uri-
nary tract can lead to antenatal obstructive 
uropathies. Ureterpelvic junction obstruction is 
the most common lesion of the fetal urinary 
tract. The causes of an ureterpelvic junction 
obstruction include abnormal recanalization of 
the ureter during development, a typical muco-
sal valves, ureteric duplication, and ureteral 
strictures. For consistency, in our experiment, 
all of the fetuses in the congenital hydronephro-
sis group were diagnosed with an ureterpelvic 
junction obstruction. The fetuses in the control 
group had no congenital or chromosomal 
abnormalities.

The prognosis of obstructive uropathies 
depends on the development of useful bio-
markers to evaluate and monitor fetal kidney 
function, and defining the optimal time for sur-
gical intervention to stop the deterioration of 
fetal kidney function. After birth, ultrasounds 
and radionuclide renal scans can help accu-
rately grade the severity of hydronephrosis on 
ureteropelvic junction obstruction (UPJO). 
However, it is still difficult to establish a progno-
sis and decide when surgery is warranted. 
Thus, there is an urgent need to establish bio-
markers from bodily fluids, such as blood, urine, 
and amniotic fluid to diagnose obstructive urop-
athies and the deterioration of kidney function. 
We acquired fetal body cells from routine 
amniocentesis, which was used to diagnosis 
congenital diseases. However, this method is 
not specific to urinary diseases because the 
cells harvested are from every part of the body. 
We hypothesized that the miRNAs from exo-
somes in the amniotic might be specific to uri-
nary diseases, because they come from the 
fetal kidney [21].

UPJO has led the effort to define the pathophys-
iology of obstructive nephropathy.  Following 
urinary tract obstruction and tubular dilatation, 
a cascade of events resulted in up-regulation of 
the intrarenal renin-angiotensin system, tubu-
lar apoptosis, and macrophage infiltration of 
the interstitium. This is followed by accumula-
tion of interstitial fibroblasts through prolifera-

tion of resident fibroblasts and the epithelial-
mesenchymal transformation (EMT) of renal 
tubular cells [29]. EMT describes a phenotypic 
change in epithelial cells that lose their defined 
cell-cell-basement membrane contacts and 
their structural polarity to become spindle-
shaped and morphologically similar to mesen-
chymal/myofibroblast cells. The progression of 
obstructive nephropathy has been described 
as damage to structure and function of the 
tubular epithelial cells of the kidney. The cells 
lose their conglutination and morphology and 
undergo EMT, where they differentiate to fibro-
blasts [30]. The combination of these process-
es leads to kidney fibrosis. Studies using the 
mouse as a unilateral ureteral obstruction 
(UUO) model have shown the proliferation of 
myofibroblasts during EMT [31]. Alison J. Kriegel 
et al. [32]. Established a model of EMT that is 
important for understanding the development 
of renal interstitial fibrosis by treating human 
renal epithelial cells with TGF-β. EMT can pro-
mote the repair of tissue, but it is also associ-
ated with chronic inflammation, cancer trans-
formation and development, and organization 
fibrosis. EMT of tubular epithelial cells under-
lies the formation of renal fibroblast [33].

We identified four putative target genes (DVL2, 
PPP2R5A, SRFP2, and SIAH1), which were 
seemly regulated by two differentially regulated 
miRNAs (hsa-miR-299-5p and hsa-miR-300) in 
this study. The identified genes are compo-
nents of the Wnt signaling pathway, which has 
been associated with the process of kidney 
fibrosis [34, 35]. There are three Wnt signaling 
pathways: the classical Wnt/β-catenin pathway 
(canonical Wnt/nonatenin), the planar cell 
polarity pathway, and the Wnt/Ca2+ pathway 
[36, 37]. When the urinary tract is obstructed, 
increasing of compressive stress on the renal 
tubular epithelial cells activates the JNK gene, 
which is part of the planar cell polarity pathway, 
to inhibit renal cell growth and to induce apop-
tosis [38, 39], suggesting that kidney dysplasia 
and tubular epithelial cell apoptosis during con-
genital obstructive nephropathy could be medi-
ated by the planar cell polarity pathway [34, 
35]. It has also been suggested that the classi-
cal Wnt/β-catenin pathway (canonical Wnt sig-
nals) is involved in EMT associated with con-
genital obstructive uropathy. In this case, 
β-catenin and SFRP are up-regulated and wnt-4 
is down-regulated, inducing kidney fibrosis. The 
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miRNAs have also been reported to take part in 
the classical Wnt/β-catenin pathway [40-42]. 
In our experiment, two miRNAs hsa-miR-299-
5p and hsa-miR-300 were down-regulated. 
Their putative target genes were PPP2R5A, 
SIAH1, DVL2, and SFRP2, all of which take part 
in the classical Wnt/β-catenin pathway. DVL2 is 
also part of the planar cell polarity pathway, 
and SFRP2 has been shown to contribute to 
kidney fibrosis during obstructive uropathy. 
Therefore, we hypothesize that hsa-miR-299-
5p and hsa-miR-300 could contribute to renal 
fibrosis in obstructive uropathy. hsa-miR-300 
may also play a role in kidney dysplasia and 
apoptosis of tubular epithelial cells. Further 
research is required to explore the molecular 
mechanism underlying these processes. As the 
investigation of mechanisms underlying those 
predicted target genes remain scarce, our stud-
ies also provide valuable indications for further 
researches exploring the role of those genes in 
fundamental biology or diagnosis of nephrosis.

Conclusion

We have proven that exosomes exist in the 
amniotic fluid. Furthermore, the exosomes 
express CD9 and CD24, which are biological 
markers of exosomes derived from fetal kid-
neys. The miRNAs were also identified to be dif-
ferentially expressed between congenital hyd- 
ronephrosis samples and control samples. 
Reduced expression of hsa-miR-300 and hsa-
miR-299-5p in the amniotic fluid of fetuses with 
congenital hydronephrosis may serve as bio-
markers of kidney fibrosis during congenital 
obstructive nephropathy.
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