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Abstract

Objective: To identify serum microRNAs (miRNAs) as potential non-invasive biomarkers for
patients with chronic kidney disease (CKD).

Methods: We collected serum samples from healthy controls, CKD stage | (CKDI), and stage 5
(CKDS5) patients with primary glomerulonephritis (GN), screened differentially expressed
miRNAs (DEMs) using next-generation sequencing (NGS), and confirmed the sequencing data
using quantitative reverse transcriptase polymerase chain reaction (qQRT-PCR).

Results: We identified 20 and 42 DEMs in the CKDI| and CKDS5 patients compared with the
controls, respectively, and 70 DEMs in the CKD5 compared with the CKD| patients. The qRT-
PCR results showed that miR-483-5p was up-regulated in the CKD| and CKD5 patients com-
pared with controls (fold change =2.56 and 18.77, respectively). miR-363-3p was down-regulated
in the CKD5 patients compared with the controls and CKD| patients (fold change =0.27 and
0.48, respectively).

IDepa\rtment of Nephrology, The Fourth Hospital of

Hebei Medical University, Hebei Key Laboratory of *These authors contributed equally to this work.
Vascular Calcification in Kidney Disease, Hebei Clinical Corresponding author:

Research Center for Chronic Kidney Disease, Jinsheng Xu, Department of Nephrology, The Fourth
Shijiazhuang, China Hospital of Hebei Medical University, Hebei Key
2Department of Hematology, The First Hospital of Hebei Laboratory of Vascular Calcification in Kidney Disease,
Medical University, Shijiazhuang, China Hebei Clinical Research Center for Chronic Kidney
3Department of Pathogen Biology, Hebei Medical Disease, 12 Jiankang Road, Shijiazhuang 050011, China.
University, Shijiazhuang, China Email: xjs5766@126.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0001-6735-6579
mailto:xjs5766@126.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520969481
journals.sagepub.com/home/imr

Journal of International Medical Research

Conclusion: We identified a genome-wide serum miRNA expression profile in CKD patients,
and serum miR-483-5p and miR-363-3p may act as potential diagnostic biomarkers for CKD.
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Introduction

Chronic kidney disease (CKD) is a signifi-
cant public health issue because of its
increasing prevalence, poor outcome, and
economic burden on global health care
resources. It is estimated that approximately
11% to 12% of the general population has
CKD' and its morbidity and mortality are
increasing at an annual growth rate of 8%.’
Approximately 1.2 million people died of
CKD worldwide in 2015.> In China, the
overall prevalence of CKD was 10.8%,*
and 155,390 people died of CKD in 2013.°
CKD is a progressive disease, and it is
classified into five stages on the basis of the
declining estimated glomerular filtration rate
(eGFR): stage 1, >90mL/minute/1.73 m?
stage 2, 60 to 89 mL/minute/1.73m?; stage
3, 30 to 59 mL/minute/1.73m?% stage 4, 15
to 29 mL/minute/1.73m% and stage 5 (end-
stage renal disease, ESRD), < 15mL/
minute/1.73m” Early diagnosis of CKD is
essential to slow the progression of kidney
failure and reduce complications and mortal-
ity rates." Symptoms are usually not apparent
in the early stages of CKD, and serum creat-
inine (sCr)-based eGFR has been shown to
lack a reliable predictive value in early CKD
stages.' In addition, kidney biopsy, which is
the gold standard for diagnosis of intrinsic
renal disease currently, is an invasive proce-
dure with the inherent risks of hemorrhage
and infection. Thus, identification of novel
non-traumatic biomarkers is critical for

early CKD diagnosis and to determine the
prognosis of CKD patients.

MicroRNAs (miRNAs) are a class of
approximately 22 nucleotide non-coding
RNAs that regulate post-transcriptional
gene expression by binding to the 3’ untrans-
lated region (UTR) of specific mRNA tar-
gets, and they are involved in a wide range of
biological processes, such as cell prolifera-
tion, differentiation, apoptosis, and metabo-
lism.° An increasing amount of evidence
indicates that miRNAs are present ubiqui-
tously in serum, plasma, urine, and other
human body fluids, which are known as cir-
culating miRNAs.” Owing to their noninva-
sive or minimally invasive nature, high
stability, and resistance to storage handling
(i.e. the miRNA does not degrade easily
when stored and processed),”® serum- and
urine-circulating miRNAs have been exten-
sively investigated as novel and noninvasive
biomarkers for diagnosis and prognosis of
various human diseases.” Currently, some
studies have shown the role of urinary
miRNAs in the diagnosis and prognosis of
renal diseases.'’'? However, diagnosis data
concerning serum miRNAs in CKD patients
are still limited.

Accurate  quantification of  serum
miRNAs presents several challenges because
of their low abundance and small size. Most
studies of serum miRNA quantification
have been performed using quantitative
reverse transcription polymerase chain reac-
tion (qRT-PCR) or microarray. These
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methods have several strengths, but also
contain some limitations, including the
number of miRNAs that can be analyzed
simultaneously, the sensitivity and dynamic
range of detection, and reliance upon exist-
ing knowledge of targets."> Fortunately,
because of the advent and rapid advances
of next-generation sequencing (NGS),
which is also known as RNA sequencing
(RNA-seq), there is a reliable and powerful
tool to identify global miRNAs that are
associated with diseases due to some meth-
odological advantages such as higher
throughput, less RNA input, increased
detection depth, reduced background noise,
greater reproducibility, and discovery of
novel miRNAs.'*!4

In this study, we collected serum samples
from healthy controls and CKD stage 1
(CKDI1) and CKD stage 5 (CKDS5) patients
with primary glomerulonephritis (GN),
which is the leading cause of CKD in
China.'> A NGS platform (Solexa sequenc-
ing) and qRT-PCR methods were used to
identify differentially expressed miRNAs
(DEMs) in serum as non-invasive diagnos-
tic biomarkers for CKD.

Materials and methods

Ethics statement

The present study was approved by the
Institutional Review Board of the Fourth
Hospital of Hebei Medical University
(Shijiazhuang, China). Written informed
consent was obtained from all participants
who were involved in this study.

Patients and sample collection

A flow diagram of this study design is pre-
sented in Figure 1. We collected serum sam-
ples from 40 patients with CKDI1, 70
patients with CKDS5 before hemodialysis,
and 35 healthy controls at the Fourth
Hospital of Hebei Medical University

N=60: control 15, CKD1 15, and CKD5 30

J

Data processing and identification of DEMs:
Threshold: fold change = 2 (P <<0.05), and

mean read counts = 50 in control, CKD1 or CKD3

|

[ Validation of DEMs: qRT-PCR ]

[ Biomarker discovery: Next-generation sequencing J

N=85: control 20, CKD1 25, and CKDS35 40

Figure |. Flow chart of the study design. NGS
was performed for biomarker discovery, and DEMs
were validated using qRT-PCR.

NGS, next-generation sequencing; DEMs, differen-
tially expressed miRNAs; miRNAs, microRNAs;
qRT-PCR, quantitative reverse transcriptase poly-
merase chain reaction.

(Shijiazhuang, China) from March 2016 to
August 2017. The patients were diagnosed
with primary GN by renal biopsy or clinical
history. The exclusion criteria were as fol-
lows: acute infection, and concurrent
cancer, heart, brain, liver, and systemic dis-
eases such as diabetes mellitus. Healthy
controls did not have any known kidney
disease history, and the same exclusion cri-
teria applied. Written informed consent was
obtained from all participants who were
involved in this study.

Demographic data from the CKD1 and
CKD5 patients and healthy controls are
summarized in Table 1. All the blood sam-
ples were drawn within 24 hours after
admission. The coagulated blood samples
were collected in tubes and centrifuged at
1500 xg for 15 minutes at 4°C. The super-
natant serum was stored at —80°C until use.

NGS and bioinformatics analysis

In the initial biomarker discovery stage, we
analyzed serum samples from 15 CKDI
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Table I. The demographic data from CKDI| and CKDS5 patients and healthy controls.

CKD?5 patients Healthy controls

Variable CKD| patients
Biomarker discovery set
Number 15
Age (years, mean £ SD) 51.40£10.12
Gender (M/F) 9/6
CRP (mg/L) 4.56+2.78
eGFR (mL/minute/1.73 m?) 106.32410.24
Biomarker validation set
Number 25
Age (years, mean £ SD) 51.16£9.75
Gender (M/F) 16/9
CRP (mg/L) 5.27+4.66
eGFR (mL/minute/1.73 m?) 104.87+12.31

30 15
53.80+12.75 52.40+7.75
18/12 9/6
20.52+£16.96 2.82+1.89
11.71£2.04 —

40 20
50.70+14.75 49.39£11.10
25/15 12/8
18.58+17.81 3.2242.07
12.23+2.22 —

CKD, chronic kidney disease; SD, standard deviation; M, male; F, female; CRP, C-reactive protein; eGFR, estimated

glomerular filtration rate; —, no data.

individuals, 30 CKDS5 individuals, and 15
age- and gender-matched healthy controls
(Table 1). Among the 15 serum samples
from CKDI1 patients, every five samples
from five individuals (gender: male/
female =3/2) were pooled together in an
equal volume (0.2mL each) as one replicate
to reduce individual variation, resulting in
three replicates for CKDI1. The CKDS5 sam-
ples were treated in the same manner as those
of CKDI. Total RNA from each pooled
sample was isolated using the RNeasy Mini
Kit (Qiagen, Shanghai, China), in accordance
with the manufacturer’s protocol. RNA qual-
ity and quantity were measured using a
Nanodrop spectrophotometer (ND-1000,
Nanodrop Technologies, Wilmington, DE,
USA), and RNA integrity was assessed by
gel electrophoresis. Then, the RNA was
used to prepare the miRNA sequencing
library, which included the following steps:
3’-adaptor ligation, 5-adaptor ligation,
cDNA synthesis, PCR amplification, and
size selection of approximately 135 to 155
bp PCR amplified fragments (corresponding
to approximately 15 to 35 nt small RNAs).
The libraries were denatured as single-
stranded DNA molecules, which were cap-
tured on Illumina flow cells, amplified in in

situ as clusters, and finally sequenced for 50
cycles on Illumina NextSeq (Illumina Inc,
San Diego, CA, USA), per the manufac-
turer’s instructions.

After sequencing, the Solexa CHASTITY
quality filtered reads were harvested as Clean
Reads. The adaptor sequences were trimmed
and the adaptor-trimmed reads (>15 nt) were
left. The trimmed reads were aligned to
merged pre-miRNA databases (known pre-
miRNA from miRBase v21 plus the newly
predicted pre-miRNAs) using Novoalign
software (v2.07.11; Novocraft Technologies,
Selangor, Malaysia) with at most one mis-
match. Reads (counts <2) were discarded
when calculating the miRNA expression. To
characterize the isomiR variability, sequences
that matched the miRNA precursors in the
mature miRNAs region +4 nt (no more
than one mismatch) were accepted as
mature miRNA isomiRs, which were
grouped according to the 5 (5p) or 3’ (3p)
arm of the precursor hairpin. The numbers
of mapped tags were defined as the raw
expression levels of that miRNA. To correct
for the difference in tag counts among differ-
ent samples, the tag counts were scaled to
TPM (the copy number of transcripts per mil-
lion) based on the total number of tags that
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were aligned. Choosing a different isomiR
sequence for measuring miRNA expression
can affect the ability to detect differential
miRNA expression. We used the most abun-
dant isomiR, mature miRNA annotated in
miRbase, and all miRNA isoforms (5p or
3p) to calculate the miRNA expression.
When comparing the DEM profiles between
two groups, the fold change and P-values
were calculated and used to identify signifi-
cant DEMs (based on ALL_Isoform value).
DEMSs between two groups were filtered
through miRNA fold-change and mean read
counts. Hierarchical clustering was per-
formed based on DEMs. miRNA target pre-
diction was performed by TargetScan
(http://www.targetscan.org/vert_71/)  and
mirdbV5 (http://mirdb.org/miRDB/), and
the overlapping results of two databases
were generally accepted. All of the above-
mentioned procedures were performed by
KangChen Bio-tech (Shanghai, China).

miRNA quantification by qRT-PCR

Among the DEMs, miR-483-5p and miR-
363-3p were selected to be further validated
in serum samples from 25 CKD1, 40 CKD5
patients, and 20 healthy controls using qRT-
PCR. We analyzed the predicted target genes
related to kidney diseases for miR-483-5p
and miR-363-3p using the GeneCards
Database (https://www.genecards.org/).
Because of the extremely low miRNA con-
centration in serum, developing a proper
method to enrich the concentration and for
normalization is challenging. In this study,
we extracted total RNA from each individual
serum sample using a miRcute serum/plasma
miRNA isolation kit (Tiangen Biotech,
Beijing, China) in accordance with the man-
ufacturer’s instructions. Because U6 and 5S
rRNA are degraded in serum, and there is no
current consensus on the use of housekeeping
miRNAs for qRT-PCR analysis.® Therefore,
synthetic Caenorhabditis elegans miR-39 (cel-
miR-39) was spiked into all samples before

RNA extraction as an exogenous reference
that has been recommended previously.'®
The mature miRNA was transcribed into
first-strand ¢cDNA using a miRcute Plus
miRNA first-strand ¢cDNA synthesis kit
(Tiangen Biotech, Beijing, China), followed
by gRT-PCR with the SYBR Green
miRcute Plus miRNA qPCR Detection Kit
(Tiangen Biotech, Beijing, China). Specific
forward primers of cel-miR-39 (Cat. No.
CR100-01), miR-483-5p (Cat. No. CD201-
0181), and miR-363-3p (Cat. No. CD201-
0106) were purchased from Tiangen Biotech
(Beijing, China). Amplification was con-
ducted under the following conditions: 95°C
for 15 minutes, followed by 40 cycles of 94°C
for 20 s, and 60°C for 34 s. All reactions were
performed in triplicate. The relative miRNA
expression levels compared with cel-miR-39
were calculated using the 274" method."’
Data are presented as the mean + standard
error of mean (SEM). Statistical analysis was
performed using the Statistical Package for
Social Sciences (SPSS) 22.0 for Windows
(IBM Corp., Armonk, NY, USA). miRNA
expression differences between different
groups were analyzed using a one-way anal-
ysis of variance (ANOVA) test, and statistical
significance was considered when P < 0.05.

Results

Overall, there were 145 participants
enrolled into this study. In the initial bio-
marker discovery stage, 60 participants
were enrolled into the following groups:
CKDI1 (n=15); CKDS5 (n=30); and con-
trol (n=15). There were 36 men and 24
women, with nine men and six women in
the CKDI group, 18 men and 12 women
in the CKDS5 group, and nine men and six
women in the control group. The average
age of the participants in the CKDI,
CKD35, and control groups was 51.40 £+
10.12 years, 53.80+12.75 vyears, and
52.40 +7.75 years, respectively. In the fol-
lowing biomarker validation stage, 85
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participants were enrolled: CKD1 (n=25);
CKDS5 (n=40); and control (n =20). There
were 53 men and 32 women, with 16 men
and nine women in the CKDI1 group, 25
men and 15 women in the CKDS5 group,
and 12 men and eight women in the control
group. The average age of participants in
the CKDI1, CKDS5, and control groups
was 51.164+9.75 years, 50.70+14.75
years, and 49.39 + 11.10 years, respectively
(Table 1).

miRNA expression analysis by NGS

To select serum miRNA biomarkers for
CKD patients, we first performed initial
genome-wide miRNA expression profiling
of serum samples that were derived from
CKDI or CKDS5 patients and control sub-
jects using Solexa sequencing. In this study,
significant DEMs were identified as those
with a fold change >2.0 (P<0.05) and
mean read counts >50. Compared with
the control group, the CKD1 and CKDS5
groups displayed 20 DEMs (nine up-
regulated, 11 down-regulated) and 42
DEMs (five up-regulated, 37 down-
regulated), respectively, and 70 dysregu-
lated miRNAs (14 up-regulated and 56
down-regulated) were also observed in the
CKDS5 group compared with the CKDI
group. The expression patterns of the
DEMs in the pairwise comparisons among
the control, CKDI1, and CKD5 groups are
shown in a Venn diagram and hierarchical
clustering heatmaps (Figure 2). The fold
changes of all the DEMs are listed in
Tables 2 to 4.

Predicted DEM targets

Identification of predicted targets may help
to understand the biological role of the
DEMs. We used TargetScan and mirdbV5
to identify predicted target mRNAs for the
DEMs. The overlapping results of two
databases were considered to be the

predicted targets for each miRNA. Thus,
one miRNA can target many genes and
one gene can be targeted by different
miRNAs, which suggests that the
miRNAs may participate in a series of bio-
logical processes by regulating multiple
target genes.

Validation of DEMs by qRT-PCR

Based on the sequencing data and related
literature reports, miR-483-5p and miR-
363-3p were chosen to be validated by
qRT-PCR. The results showed that miR-
483-5p was up-regulated in CKDI1 (fold
change =2.56, P<0.01) and CKDS5 (fold
change=18.77, P<0.01) patients com-
pared with the control subjects, and it also
increased in the CKDS5 compared with

CKD1 patients (fold change=7.34,
P<0.01; Figure 3a). miR-363-3p was
down-regulated in the CKDS5 patients com-
pared with the control subjects (fold
change=0.27, P<0.05) and CKDI
patients (fold change=0.48, P <0.05;
Figure 3b).

Discussion

The increased incidence of CKD has led to
higher morbidity and mortality rates world-
wide. Early identification of CKD patients
is of paramount importance to perform
prompt interventions, reduce progression
to kidney failure, and improve the progno-
sis.'® Thus, it is significant to identify valid,
sensitive, non-invasive, and specific bio-
markers that correlate well with kidney
pathology and  disease  progression.
However, existing measurements of kidney
function such as SCr, blood urea nitrogen
(BUN), and proteinuria seem to be
insufficient.'-'®

Over the past several years, miRNAs
have been shown to play an important reg-
ulatory role in renal physiology, such as
normal renal development, homeostasis,
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Figure 2. DEM expression patterns in the pairwise comparisons among the control, CKDI, and CKD5
groups are shown in a Venn diagram and hierarchical clustering heatmaps. a, Venn diagram showing the
DEMs and overlap. b, Hierarchical cluster analysis of DEMs in the CKD| group compared with the control
group. ¢, Hierarchical cluster analysis of DEMs in the CKD5 group compared with the control group. d,
Hierarchical cluster analysis of DEMs in the CKD5 group compared with the CKD| group. Red pixels
correspond to an increased abundance of miRNA in the serum, whereas green pixels indicate decreased

miRNA levels.

DEMs, differentially expressed miRNAs; miRNAs, microRNAs; CKD, chronic kidney disease.

vascular calcification, and osmoregula-
tion."”" It was estimated that there are
more than 300 miRNAs in kidneys,?' and
miRNA dysregulation has been observed in
various renal diseases, which indicates that
miRNAs can be examined for their poten-
tial role as diagnostic, prognostic, and even

therapeutic biomarkers for renal disease.*?

To identify miRNAs as diagnostic bio-
markers for CKD, we performed NGS to
determine the genome-wide serum miRNA
expression profiling of CKD5, CKD1, and
healthy controls. There were 20 and 42
DEMs in the CKD1 and CKDS5 groups
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Table 2. Differentially expressed miRNAs in CKD1 patients compared with the healthy controls.

Mature miRNAs pre-miRNA Fold change Mature miRNAs pre-miRNA Fold change

Up-regulated miRNAs
miR-122-5p mir-122 5.63 miR-486-5p mir-486-| 3.46
miR-486-5p mir-486-2 3.44 miR-423-5p mir-423 3.07
miR-193b-5p mir-193b 2.99 miR-483-5p mir-483 2.90
miR-4732-5p mir-4732 2.83 miR-4732-3p mir-4732 242
miR-7706-3p mir-7706 2.24

Down-regulated miRNAs
let-7f-5p let-7f-1 0.26 let-7f-5p let-7f-2 0.28
let-7g-5p let-7g 0.30 miR-26b-5p mir-26b 0.32
miR-181d-5p mir-181d 0.34 let-7i-5p let-7i 0.40
miR-98-5p mir-98 0.40 let-7a-5p let-7a-2 0.47
let-7a-5p let-7a-3 0.47 let-7a-5p let-7a-1 0.47
miR-30e-3p mir-30e 0.47

miRNAs, microRNAs; CKD, chronic kidney disease.

Table 3. Differentially expressed miRNAs in CKD5 patients compared with the healthy controls.

Mature miRNAs pre-miRNA Fold change Mature miRNAs pre-miRNA Fold change

Up-regulated miRNAs
miR-483-5p mir-483 25.20 miR-133b-3p mir-133b 8.24
miR-196a-5p mir-196a-2 6.00 miR-196a-5p mir-196a-1 4.83
miR-378f-3p mir-378f 297

Down-regulated miRNAs
miR-144-3p mir-144 0.09 miR-584-5p mir-584 0.10
miR-486-3p mir-486-2 0.10 miR-363-3p mir-363 0.1
miR-486-3p mir-486- | 0.11 miR-654-3p mir-654 0.1
miR-409-3p mir-409 0.13 miR-495-3p mir-495 0.16
miR-493-3p mir-493 0.18 miR-144-5p mir-144 0.19
miR-4446-3p mir-4446 0.19 miR-130a-3p mir-130a 0.19
miR-381-3p mir-381 0.20 miR-654-5p mir-654 0.20
miR-432-5p mir-432 0.22 miR-4433b-5p mir-4433b 0.24
miR-671-3p mir-671 0.26 miR-424-3p mir-424 0.28
miR-32-5p mir-32 0.33 miR-22-5p mir-22 0.33
miR-589-5p mir-589 0.34 miR-24-3p mir-24-2 0.35
miR-185-3p mir-185 0.35 miR-24-3p mir-24-1 0.35
miR-106b-5p mir-106b 0.36 miR-28-5p mir-28 0.37
miR-323a-3p mir-323a 0.38 let-7a-5p let-7a-2 0.40
let-7a-5p let-7a-3 0.40 let-7a-5p let-7a-1 0.40
miR-181d-5p mir-181d 0.42 miR-339-5p mir-339 0.43
miR-107-3p mir-107 0.44 miR-361-3p mir-361 0.46
miR-345-5p mir-345 0.47 miR-181a-5p mir-181a-1 0.50
miR-181a-5p mir-18la-2 0.50

miRNAs, microRNAs; CKD, chronic kidney disease.
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Table 4. Differentially expressed miRNAs in the CKD5 patients compared with the CKDI patients.
Mature miRNAs pre-miRNA Fold change Mature miRNAs pre-miRNA Fold change
Up-regulated miRNAs
miR-483-5p mir-483 8.70 miR-7-5p mir-7-1 841
miR-7-5p mir-7-3 826 miR-7-5p mir-7-2 8.26
miR-133b-3p mir-133b 7.56 miR-196a-5p mir-196a-2 6.50
miR-196a-5p mir-196a-1 6.44 miR-365a-3p mir-365a 6.23
miR-365b-3p mir-365b 6.23 miR-378d-3p mir-378d-1 6.18
miR-378d-5p mir-378d-2 5.94 miR-27b-3p mir-27b 4.93
miR-100-5p mir-100 3.48 miR-378f-3p mir-378f 333
Down-regulated miRNAs
miR-486-3p mir-486-| 0.09 miR-486-3p mir-486-2 0.09
miR-4446-3p mir-4446 0.10 miR-584-5p mir-584 0.11
miR-486-5p mir-486-| 0.14 miR-486-5p mir-486-2 0.15
miR-432-5p mir-432 0.15 miR-16-2-3p mir-16-2 0.16
miR-4433b-5p mir-4433b 0.17 miR-25-3p mir-25 0.18
miR-122-5p mir-122 0.19 miR-409-3p mir-409 0.19
miR-363-3p mir-363 0.19 miR-451a-5p mir-451a 0.20
miR-223-5p mir-223 0.21 miR-495-3p mir-495 0.21
miR-3158-3p mir-3158-1 0.21 miR-3158-3p mir-3158-2 0.21
miR-185-5p mir-185 0.22 miR-4732-5p mir-4732 0.23
miR-1301-3p mir-1301 0.24 miR-4433b-3p mir-4433b 0.26
miR-144-3p mir-144 0.26 miR-654-5p mir-654 0.26
miR-7706-3p mir-7706 0.26 miR-4732-3p mir-4732 0.26
miR-501-3p mir-501 0.28 miR-424-3p mir-424 0.29
miR-511-5p mir-511 0.30 miR-1273h-5p mir-1273h 0.30
miR-330-3p mir-330 0.30 miR-1304-5p mir-1304 0.30
miR-671-3p mir-671 0.31 miR-151a-3p mir-151a 0.31
miR-654-3p mir-654 0.31 miR-1294-5p mir-1294 0.31
miR-126-3p mir-126 0.32 miR-543-3p mir-543 0.32
miR-625-3p mir-625 0.33 miR-338-5p mir-338 0.33
miR-139-3p mir-139 0.33 miR-328-3p mir-328 0.34
let-7b-5p let-7b 0.35 miR-3615-3p mir-3615 0.35
miR-1908-5p mir-1908 0.37 miR-185-3p mir-185 0.39
miR-484-5p mir-484 0.40 let-7d-3p-3p let-7d 0.40
miR-142-5p mir-142 0.41 miR-1273h-3p mir-1273h 0.42
miR-1307-5p mir-1307 0.43 miR-744-5p mir-744 0.44
miR-339-3p mir-339 0.46 miR-345-5p mir-345 0.48
miR-22-5p mir-22 0.49 miR-106b-5p mir-106b 0.50

miRNAs, microRNAs; CKD, chronic kidney disease.

compared with the control group, respec-
tively, and 70 DEMs in the CKDS5 group
compared with the CKD1 group.
miR-483-5p was the only miRNA that
was found to be differentially expressed
across all three groups in the Venn diagram,
and it was further validated using

gqRT-PCR. The human miR-483-5p gene
was reported to be located at the second
intron of its host gene insulin-like growth
factor 2 (IGF2) on chromosome
11p15.5.% It was recently shown to be
involved in cancers,24 ﬁbrosis,25 and
kidney diseases.’**® For example, Dai
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Figure 3. Validation of DEMs in serum samples from healthy controls, CKD1, and CKDS5 patients by qRT-
PCR. a, validation of miR-483-5p; b, validation of miR-363-3p. All samples were normalized to cel-miR-39.
The data are expressed as the mean SEM. The significance of differences for miRNA expression was cal-
culated using a one-way ANOVA. *, P<0.05; *¥, P<0.01.

DEMs, differentially expressed miRNAs; miRNAs, microRNAs; CKD, chronic kidney disease; qRT-PCR,
quantitative reverse transcriptase polymerase chain reaction; SEM, standard error of the mean; ANOVA,

analysis of variance.

et al*® reported that miR-483-5p was up-
regulated in the renal biopsies of primary
immunoglobulin A nephropathy (IgAN)
patients  using  microarray  analysis.
Another study reported that miR-483-5p
was also up-regulated in peripheral blood
mononuclear cells (PBMCs) of lupus
nephritis patients.”” In addition, serum
miR-483-5p could serve as a new diagnostic
biomarker for kidney transplantation.”® In
this study, serum miR-483-5p was shown to
be significantly up-regulated in CKD1 and
CKDS5 groups based on sequencing and
qRT-PCR results. However, the reason is
not clear. The predicted target genes that
were related to kidney diseases for miR-
483-5p  were analyzed using  the
GeneCards Database. As one of seven
target genes (Table 5), cystathionine beta
synthase (CBS) was reported to be an inhib-
itor in renal fibrosis.”” Because renal fibro-
sis is one of the histopathological hallmarks
for CKD, miR-483-5p was predicted to reg-
ulate target genes that were enriched in
pathways that are related to fibrosis.>
However, whether miR-483-5p plays a
role in the development of CKD via

regulating CBS or other fibrosis-related
genes remains unknown.

miR-363-3p is a component of the onco-
genic miR-17 to 92 family of miRNA clus-
ters,’® and it has been reported to play a role
as a tumor suppressor or oncogene in can-
cers.>! Moreover, aberrant expression of
miR-363-3p has also been seen in some
renal diseases. For example, Tan et al >
reported that miR-363-3p was down-
regulated in renal biopsies from primary
IgAN patients. Urinary miR-363-3p could
predict the development of microalbuminu-
ria in patients with diabetic nephropathy.*”
In this study, miR-363-3p was down-
regulated in the CKDS5 patients, and its pre-
dicted target genes related to kidney diseases
were also analyzed using the GeneCards
Database (Table 5). As one target gene,
integrin o5 (ITGAS5) was reported to be
down-regulated in healthy renal cells by
miR-363-3p, miR-328-3p, and miR-25-3p.>'
ITGAS was also shown to be a well-
established activator of transforming
growth factor-f (TGF-f), which is known
as a central mediator of renal fibrosis in
CKD." Serum miR-363-3p, miR-328-3p,
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Table 5. Predicted target genes related to kidney diseases for miR-483-5p and miR-363-3p.

miRNAs Predicted target genes related to kidney diseases
miR-483-5p ACBDé6, CBS, CDKI5, MSC, PIP5KIA, SRSF4, STK40
miR-363-3p ADAMI0, AIDA, ANKIBI, ANKRD44, ANP32E, APPLI, B3GALT2, BCL2LI I,

BSDCI, BTG2, Cl lorf24, CAMK2A, CBLN4, CCNC, CDé69, CDCA7L,
CHST7, CIC, CLDNI I, CNEPIRI, COLIA2, CPEB2, CPEB3, DCAF6, DNAJB9,
DNAJC30, DOCKS9, DPY30, DSC2, DSCAMLI, DUS2, DUSPI10, DUSPS5,
EFR3A, ELOVL4, ERGIC2, FAMI |0B, FAMI35A, FAM20C, FARI, FBXW?7,
FHL2, FMR1, FNDC3B, FNIPI, FOXN2, FRY, FZD 10, G3BP2, GFPT2, GLRAI,
GLYRI, GNAQ, GOLGA3, GOLGA4, GOLGAS8A, GPRI180, GRHLI, HANDI,
HAND?2, HERPUD?2, HIPK3, IDHI, IQGAP2, ITGAS, ITGAS6, ITGAYV, JOSDI,
KAT2B, KBTBDS, KIAAI109, KLF4, KLF6, KLHL14, LATS2, LHFPL2, LRCHI,
MAN2AI, MAP2K4, MIA3, MMD, MOAPI, MORC3, MPPI, MTMR9, MYCBP2,
MYLIP, MYOIB, NECAPI, NEFH, NEFM, NOVAI, NSGI, NSMF, OTUD3,
PAX9, PCDHI 1Y, PCMTDI, PCOLCE2, PDEIOA, PDZD2, PER2, PHTF2,
PIK3CB, PIKFYVE, PKDCC, PLEKHAI, PLEKHB2, PPCS, PPPIRI2A,
PPPIRI2C, PPPIR37, PTEN, PTGER4, RAB23, RAD2I, RASSF3, RBM47, REV3L,
RGLI, RGS17, RHPN2, RNF180, RPS6KA4, RSBN |, SERTAD3, SESN3, SGPPI,
SLCI2A5, SLCI7A6, SLC24A3, SLC25A32, SLC32A1, SNAPCI, SNN, SOCSS5,
SOSTDCI, SPRYD4, SRPR, ST6GAL2, SYNDIGI, TACC2, TAGAP, TCF21, TEF,
TGIFI, TMEM229A, TMEMS87A, TMFI, TOBI, TOB2, UBE2Z, UBXN4, UGP2,
USP28, WASL, WWP2, ZDHHCS5, ZFC3HI, ZFYVE2I

miRNAs, microRNAs.

and miR-25-3p were all decreased in the
CKDS5 group in the present study.
Therefore, we suggest that these decreased
miRNAs synergistically up-regulate ITGAS,
and ITGAS may cause up-regulation of
TGEF-f, thereby participating in the develop-
ment of CKD. However, the hypothesis
should be verified experimentally in future
studies.

It is widely believed that cellular miRNAs
are actively secreted from donor cells or pas-
sively released from damaged cells into
the extracellular microenvironment or body
fluids via microvesicles, exosomes, lipopro-
teins, or RNA-binding proteins.13’19
Extracellular miRNAs may transmit biolog-
ical information from donor cells to recipi-
ent cells, or carry alarm signals from
apoptotic cells to other cells.'®** Therefore,
extracellular miRNAs, such as serum
miRNAs, act as disease biomarkers and
they also function as critical regulators of
cellular  crosstalk.'”  Generally, serum

miRNAs were mostly derived from periph-
eral blood mononuclear cells and other
blood cells under normal conditions.® Once
the body is abnormal, such as in CKD, cer-
tain miRNAs may be released from dam-
aged cells or blood cells and lead to
increased serum miRNA  expressions.
However, most DEMs in our results were
down-regulated. The reason may be partly
associated with renal dysfunction. Neal
et al® reported that the total circulating
miRNA concentration was significantly
reduced as CKD progresses because of dial-
ysis or increased RNAse activity. CKD
pathophysiology is complicated, and excess
comorbidity is present in almost all CKD
patients. Because the CKD population is
heterogeneous and a single miRNA is insuf-
ficient to meet all the expectations, miRNA
panels will be necessary to allow CKD
patients to be distinguished from controls
or determine patient prognosis. This sug-
gests that there is an advantage to using
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miRNAs that are involved in different path-
ophysiological pathways to obtain a com-
plete picture.

In conclusion, to the best of our knowl-
edge, this is the first identification of a
genome-wide serum microRNA expression
profile in CKD patients using NGS. This
study served as a preliminary investigation
and the results should be further confirmed
in future large-scale studies.
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