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Delayed graft function (DGF) is one of the major obstacles for graft survival for kidney recipients. It is profound to reduce the
incidence of DGF for maintaining long-term graft survival. However, the molecular regulation of DGF is still not adequately
explained and the biomarkers for DGF are limited. Exosomes are cell-derived membrane vesicles, contents of which are stable
and could be delivered into recipient cells to exert their biological functions. Consequently, exosome-derived proteomic and RNA
signature profiles are often used to account for the molecular regulation of diseases or reflect the conditional state of their tissue
as biomarkers. Few researches have been done to demonstrate the function of exosomes associated with DGE. In this study, high-
throughput sequencing was used to explore the miRNA expression profiling of exosomes in the peripheral blood of kidney recipients
with DGE. We identified 52 known and 5 conserved exosomal miRNAs specifically expressed in recipients with DGE Three
coexpressed miRNAs, hsa-miR-33a-5p_R-1, hsa-miR-98-5p, and hsa-miR-15la-5p, were observed to be significantly upregulated
in kidney recipients with DGE. Moreover, hsa-miR-151a-5p was positively correlated with the first-week serum CR, BUN, and UA
levels of the kidney recipients after transplantation. Furthermore, we also analyzed functions and signaling pathways of the three
upregulated miRNAs target genes to uncover putative mechanism of how these exosomal miRNAs functioned in DGE. Overall,
these findings identified biomarker candidates for DGF and provided new insights into the important role of the exosomal miRNAs

regulation in DGE.

1. Introduction

Delayed graft function (DGF) defined as the dialysis require-
ment in the first week after transplantation is a manifestation
of acute renal failure [1]. DGF occurs in as many as 2%-
50% of the immediate post-kidney-transplant cases and is
a major obstacle for graft survival [2]. A meta-analysis of
34 studies from 1988 through 2007 demonstrated a 49%
incidence of acute rejection for patients with DGF compared
to 35% incidence for non-DGF patients [1]. In addition, DGF
was associated with a 41% and 53% increase in allograft
dysfunction and death for patients with DGE respectively
(1, 3]. Thus, it is profound to reduce the incidence of DGF
for maintaining long-term graft survival. DGF is commonly
considered as a consequence of kidney tubular damage due

to ischemia and reperfusion injury (IRI). Moreover, recent
studies suggest that the generation of cytotoxic mediators
and activation of innate and adaptive immune response
could be also correlated to DGF [4]. However, the molecular
regulation of DGF is still not adequately explained and the
biomarkers for DGF are limited.

Exosomes are cell-derived membrane vesicles (40-100 nm
of diameter) present in fluids such as blood, urine, amniotic
fluid, breast milk, platelets, synovial fluid, bronchoalveolar
lavage fluid, and malignant ascites [5-7]. Exosomes are
reported to play a key role in many processes such as cellular
activities regulation, intercellular communication, and waste
management [6, 8]. Various cell products including protein,
DNA, mRNA, and miRNA could be carried by exosomes
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[9-11]. The contents of exosomes are stable and could be
delivered into recipient cells to exert their biological func-
tions; consequently, exosome-derived proteomic and RNA
signature profiles are often used to account for the molecular
regulation of diseases or reflect the conditional state of
their tissue as biomarkers [12-14]. Evidence is accumulating
that exosomal contents are also involved in the rejection
of transplantation. CD4" CD25" regulatory T cells-derived
exosomes could prolong kidney allograft survival in a rat
model [15]. Upregulation of exosomal miR-142-3p was also
observed during cardiac allograft rejection and it could
augment vascular permeability through downregulating the
expression of endothelial RABIIFIP2 [16]. In addition, two
exosomal proteins (TSPANI and HPX) were observed to be
significantly higher in patients with acute T cell mediated
rejection than in patients without rejection, while exosomal
mRNAs transcripts (gpl130, CCL4, TNFa, CAV1, DARC,
and SH2DIB) were helpful to distinguish antibody-mediated
rejection patients from cellular rejection recipients [17, 18].
However, few researches have been done to demonstrate
the function of exosomes associated with DGF occurring in
kidney transplantation.

Therefore, high-throughput sequencing was used to
explore the miRNA expression profiling of exosomes in
the peripheral blood of kidney recipients with or without
DGEF and elucidate the regulation of miRNAs in the process
of DGE In this study, we identified a series of known,
conserved, and novel exosomal miRNAs in the case of
DGF and found that hsa-miR-33a-5p_R-1, hsa-miR-98-5p,
and hsa-miR-151a-5p were significantly upregulated in kidney
recipients with DGE Moreover, hsa-miR-33a-5p_R-1 and hsa-
miR-151a-5p were positively correlated with the first-week
serum CR and BUN levels of the kidney recipients after
transplantation, indicating that these two exosomal miRNAs
had the potential to be used as biomarkers of DFG in
kidney recipients. Furthermore, we also analyzed functions
and signaling pathways of the three upregulated miRNAs
target genes to uncover putative mechanism of how these
exosomal miRNAs function in DGF occurring in kidney
transplantation.

2. Materials and Methods

2.1. Patients and Samples. A total of 9 patients who received
donation after cardiac death (DCD) kidney grafts in Provin-
cial People’s Hospital of Henan Province were involved in
this study. The recipients were divided into two groups: the
DGF group and the control group based on whether they
needed more than one dialysis within the first week after
transplantation or not [19, 20]. Their first-week clinical data
after kidney transplantation were collected from Provincial
People’s Hospital of Henan Province. Clinical data from 5
patients without kidney transplantation were also analyzed as
normal controls.

2.2. Exosome Isolation. One week after kidney transplanta-
tion, exosomes were isolated and purified from the peripheral
blood of recipients using the exoEasy Maxi Kit (QIAGEN).
Firstly, the blood samples were centrifuged for 10 min at
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3000 rpm and 4°C to remove cells and large debris. The
upper plasma phase was carefully collected and filtered with
a 0.22um filter to remove additional cellular fragments.
Then larger protein complexes abundant in blood could be
removed during the binding and washing steps as follows:
(1) mix the filtered sample with XBP buffer (1:1) at room
temperature (RT), add the mix onto the exoEasy spin column,
centrifuge at 500 x g for 1 min, and discard the flow-through
and place the column back into the same collection tube; (2)
add 10 mL XWP buffer, centrifuge at 5000 x g for 5min, and
discard the flow-through together with the collection tube.
Finally, transfer the spin column to a fresh collection tube,
add 400 ul XE buffer to the membrane and incubate for 1 min,
and centrifuge at 5000 x g for 5 min to collect exosomes in the
eluate.

2.3. Nanoparticle Tracking Analysis and Transmission Elec-
tron Microscopy. The concentration and size distribution of
the isolated exosomes were detected by ZetaView (Particle
Metrix, Germany) and analyzed using the in-build nanopar-
ticle tracking analysis (NTA) software ZetaView 8.02.31. A
20 uL aliquot that contained about 4-5 x 10° particles was
fixed with 1% glutaraldehyde and loaded onto a carbon-
coated grid for 2min at room temperature. The grid was
negatively stained with 2% aqueous phosphotungstic acid
for 1min and then imaged under a transmission electron
microscope (JEM-1400, Japan).

2.4. Western Blot. Exosomal lysates were prepared using
RIPA buffer with protease inhibitor mixture (Bi Yuntian,
China), and protein concentration was determined using
Pierce BCA Protein Assay Kit (Thermo Scientific, USA).
About 20ug of exosomal lysates from each sample in
both DGF and control groups was loaded onto SDS-
polyacrylamide gels and then transferred onto polyvinyli-
dene difluoride membranes (0.45um pore size, Millipore,
USA). The blots were blocked in 5% non-fat dry milk for
1h at room temperature. After blocking, the membranes
were incubated overnight at 4°C with primary rabbit anti-
CD63 antibody (1:1000; ab68418, Abcam, USA), rabbit anti-
CD9 antibody (1:1000; ab92726, Abcam, USA), or rabbit
anti-3-actin antibody (1:1000; ab8227, Abcam, USA). After
being washed by PBST, the membranes were incubated with
HRP conjugated anti-rabbit IgG (1:20,000; Thermo Scien-
tific, USA) for 1h at 37°C. Subsequently, blots were devel-
oped using Lumi-Light Western Blotting Substrate (Roche,
Switzerland), imaged, and quantified using ChemiDoc MP
imaging system (Bio-Rad, USA).

2.5. RNA Extraction. Total RNAs from exosomes were iso-
lated using the mirVana miRNA Isolation Kit (Ambion, USA)
according to the manufacturer’s protocol. The RNA quality
and concentration were assessed with the OD ratio 260/280
using a Nanodrop 1000 (Thermo Scientific, USA).

2.6. miRNA Libraries Construction and Sequencing. TruSeq
MiRNA Sample Prep Kit (Illumina, USA) was used to
construct miRNA sequencing libraries according to the
manufacturer’s protocol. The 3'- and 5'-adapter were ligated
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TABLE 1: Basic information of the kidney recipients.

Patient ID Height Weight Age Gender Type of . Induction therapy . Maintenan.c ¢
(cm) (kg) transplantation immunosuppressive drugs

DGF1 178 78 52 Male DCD Thymoglobuline Tac+MMF+Pred
DGEF 2 170 72 48 Male DCD Thymoglobuline Tac+ MMF+Pred
DGF3 171 62 51 Male DCD Thymoglobuline Tac+MMF+Pred
DGF 4 163 50 24 Male DCD Thymoglobuline Tac+ MMF+Pred
Ctrl 1 169 67.5 38 Male DCD Thymoglobuline Tac+MMF+Pred
Ctrl 2 180 71 32 Male DCD Thymoglobuline Tac+MMF+Pred
Ctrl 3 160 42 40 Female DCD Thymoglobuline Tac+MMF+Pred
Ctrl 4 168 55 40 Male DCD Thymoglobuline Tac+ MMF+Pred
Ctrl 5 155 48 29 Female DCD Thymoglobuline Tac+MMF+Pred
Ntr1 173 83 51 Male - - -

Ntr 2 172 72 44 Male - - -

Ntr 3 160 69 37 Female - - -

Ntr 4 166 64 32 Male - - -

Ntr 5 173 70 26 Male - - -

DGEF: delayed graft function; Ctrl: control; Ntr: normal control (patients without kidney transplantation); DCD: donation after cardiac death; Tac: tacrolimus;

MMEF: mycophenolate mofetil; Pred: prednisone.

to approximately 1 g of total RNA from each sample using T4
RNA ligase (Epicentre, USA) at 28°C for 1 h, respectively. The
adapter-ligated miRNAs were dissolved in RNase free water
and used as templates for RT-PCR to create and amplify the
c¢DNA constructs. Then the PCR-amplified cDNA products
from the 6% TBE PAGE gels were extracted and then purified.
After the completed libraries were evaluated with a quantita-
tive real-time PCR to ensure acceptable quality and confirm
that adapters were correctly added, the high-throughput
sequencing of the cDNA was done on the HiSeq 2500 (Illu-
mina, USA). Image analysis and base calling were performed
with the ACGT101-miR software (LC Sciences, USA).

2.7. miRNA Target Prediction, Functional Annotation, and
Pathway Enrichment Analysis. Two algorithms, miRanda
and TargetScan, were used to predict the target genes of exo-
somal miRNAs which were differentially expressed between
DGF and control groups [21, 22]. Only the miRNA tar-
gets identified by both miRanda and TargetScan algorithms
composed the final predicted targets. Subsequently, the gene
ontology terms (http://www.geneontology.org/) and KEGG
pathway terms (http://www.genome.jp/kegg) enriched in
predicted target genes were determined to explore the func-
tion and related pathway of the targets [23].

2.8. Ethics Statement. Written informed consent was
obtained from all patients. This study was approved by
the Protection of Human Subjects Committee, Provincial
People’s Hospital of Henan Province.

2.9. Statistical Analysis of Data. Statistical assessment
was performed using SPSS 19.0 for Windows. Firstly,
we conducted the Shapiro-Wilk normality test to assess
whether continuous data have been drawn from a normally
distributed population. Since all continuous data were
normally distributed, they were assessed by one-way ANOVA

or t-test. Categorical data were evaluated by nonparametric
test. Pearson correlation was used for correlation analysis
miRNA expressions and the first-week serum CR or BUN
levels from the kidney recipients. P < 0.05 was considered as
statistically significant.

3. Results

3.1. Basic Information and Clinical Data of Kidney Recipients
with DGF. Nine patients who received donation after cardiac
death (DCD) kidney grafts were involved in this study.
Immunosuppressive treatment with mycophenolate mofetil,
prednisone and tacrolimus, and induction therapy with thy-
moglobuline were given to the recipients after transplantation
for preventing acute rejection. The basic information of these
kidney recipients was shown in Table 1. One week after trans-
plantation, the blood and urine samples from the recipients
were collected and then their serum creatinine (CR), blood
urea nitrogen (BUN), uric acid (UA), hemoglobin (HGB),
albumin (ALB), platelet (PLT), and urine protein (Pro) levels
were detected. We divided the recipients into two groups:
those with delayed graft function (DGE n = 4) and those with
immediate graft function, considered as the control group
(n = 5), and found that the CR levels, BUN levels, and UA
levels of the recipients in DGF group were significantly higher
than those of the recipients in control group, respectively
(CR: P =0.0002; BUN: P < 0.0001; UA: P = 0.0120; Table 2).
Clinical data from patients without kidney transplantation (n
= 5; basic information shown in Table 1) were also analyzed
as normal controls. When compared with patients without
kidney transplantation, recipients in DGF group exhibited
significantly higher levels of CR and BUN (CR: P = 0.0002;
BUN: P < 0.0001; Table 2), whereas clinical data of kidney
recipients in control group and patients without kidney
transplantation were similar (Table 2).

3.2. Characterization of Exosomes in Peripheral Blood of
Recipients after Kidney Transplantation. Based on the unique
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TABLE 2: First-week clinical data of the kidney recipients after transplantation.

Variable DGF Ctrl Ntr PI P2 P3

CR (pmol/L) 565.30 + 224.00 74.40 + 14.67 71.60 + 14.55 0.0002 0.0002 0.9992
BUN (mmol/L) 33.70 + 8.47 10.18 £ 2.16 6.16 + 1.14 <0.0001 <0.0001 0.3914
UA (pmol/L) 496.00 + 129.40 233.00 + 118.30 332.80 + 85.66 0.0120 0.1167 0.3640
HGB (g/L) 91.50 + 13.80 109.80 + 22.53 130.20 + 25.34 0.4459 0.0535 0.3336
ALB (g/L) 36.15+ 1.97 38.96 + 4.50 43.30 + 4.46 0.5576 0.0506 0.2364
PLT (><109/L) 157.80 + 58.59 122.00 + 53.37 202.60 + 43.35 0.5718 0.4253 0.0734
Pro, -/+/++/+++ 1/0/1/2 3/0/1/1 5/0/0/0 0.7890 0.0735* 0.6924°

Data were expressed as mean antibody concentration + SD. PI, P2, and P3 values referred to the comparison of the patients between DGF group and Ctrl group,
DGF group and Ntr group, and DGF group and Ntr group, respectively. “Nonparametric test. DGF: delayed graft function; Ctrl: control; Ntr: normal control

(patients without kidney transplantation); CR: serum creatinine; BUN: blood urea nitrogen; UA: uric acid; HGB: hemoglobin; ALB: albumin; PLT: platelet;
Pro: urine protein.
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FIGURE 1: Identification of exosomes through nanoparticle tracking analysis, transmission electron microscopy, and Western blot. (a)
Concentration and size of exosomes in control (a) and DGF (b) groups were analyzed by the nanoparticle tracking analysis. (c) Exosomes
isolated from the peripheral blood of recipients one week after kidney transplantation have a saucer-like shape that was limited by a lipid

bilayer. Green arrowheads point to exosomes. Scale bar = 100 nm. (d) Exosomes are positive for CD63 and CD9, as determined through
Western blot analysis. 5-Actin was used as a positive control.

size and density, exosomes were isolated from the periph-  microscopy, and Western blot. The results showed that small
eral blood of recipients in both DGF and control groups  vesicles with diameters ranging from approximately 60 to
one week after kidney transplantation using the exoEasy = 90nm and a lipid bilayer could be observed under the
Maxi Kit (QIAGEN). Then the exosomes were identified transmission electron microscopy (Figures 1(a), 1(b), and
through nanoparticle tracking analysis, transmission electron ~ 1(c)). Moreover, Western blot analysis confirmed presence
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FIGURE 2: Length and category distribution of sequenced exosomal miRNAs in the peripheral blood of kidney recipients. (a) Category distribution
of sequenced exosomal miRNAs. Reads with length 18-26 nt were chosen for mapping. Length distribution of sequenced miRNAs is shown.
The nucleotide (nt) lengths of cloned miRNAs are shown on x-axis; the number of total reads by deep sequencing is shown on y-axis. (b)
Category distribution of sequenced exosomal miRNAs. Gpla: reads were mapped to miRNAs/pre-miRNAs of specific species in miRBase and
the pre-miRNAs were further mapped to genome and EST. gp2a: reads were mapped to miRNAs/pre-miRNAs of selected species in miRBase
and the mapped pre-miRNAs were not further mapped to genome, but the reads (and of course the miRNAs of the pre-miRNAs) were mapped
to genome. The extended genome sequences from the genome loci may form hairpins. gp2b: reads were mapped to miRNAs/pre-miRNAs of
selected species in miRBase and the mapped pre-miRNAs were not further mapped to genome, but the reads (and of course the miRNAs of
the pre-miRNAs) were mapped to genome. The extended genome sequences from the genome loci may not form hairpins. gp3: reads were
mapped to miRNAs/pre-miRNAs of selected species in miRBase and the mapped pre-miRNAs were not further mapped to genome, and the
reads were not mapped to genome either. But the reads were mapped to the miRNAs (Matures). gp4: reads were not mapped to pre-miRNAs
of selected species in miRBase. But the reads were mapped to genome and the extended genome sequences from genome may form hairpins.

of the known exosomal membrane proteins, CD63 and  3.3. Identification of Exosomal miRNAs. A cDNA library
CD9 (Figure 1(d)). These results demonstrated that the small of miRNAs was constructed from the exosomes in the
vesicles we isolated were exosomes. peripheral blood of kidney recipients one week after the



DGF Ctrl
| | \
DGEF-Specific ~ Co-expressed Ctrl-Specific
(57) (29) 1)

Known
(52) Known i

— -

e

()

(23)
— Novel
‘!/ 5 \\ (1)
Conserved |

BioMed Research International

Color key

L

22-10 1 2
Value

- hsa-miR-486-5p
hsa-miR-21-3p
hsa-miR-98-5p
hsa-miR-1260b_1ss9AG

‘ hsa-miR-33a-5p_R-1
hsa-miR-21-5p

- hsa-miR-151a-5p
hsa-miR-23a-3p_R+1
hsa-miR-27a-3p_R-1

-5'

IR s=sgg .'2 b

O 0O 0 v =2 £ B B B

AR AR AR QOO OO
(b)

FIGURE 3: Analysis of differentially expressed exosomal miRNAs in DGF and control groups. (a) Venn diagram of differentially expressed
exosomal miRNAs in DGF (blue) and control (red) groups. (b) Heat map of the differentially expressed exosomal miRNAs in DGF and
control groups. The color of each pattern represents the fold change as log 2, from high (red) to low (blue).

transplantation. After removing low-quality reads, contam-
inants, and adaptors, we obtained 87 unique miRNAs of
18 and 26 bases in length through Solexa sequencing. To
guarantee the accuracy of sequence data, only the sequences
that were observed in all samples from DGF or control group
were selected as miRNA molecules (Table 3). The length
distribution of unique exosomal miRNAs (18-24 nt) varied
in the DGF and control groups. The lengths of miRNAs in
the DGF group ranged from 18 to 24 nt (Figure 2(a), left
panel), while the length of the miRNAs in the control group
ranged from 18 to 22 nt (Figure 2(b), right panel). The most
abundant size class in both groups was 22 nt, followed by
21 nt and then by 18 nt (Figure 2). To further identify the
unique miRNA we obtained by high-throughput sequencing,
all the unique miRNA clean reads were compared with
the known human miRNAs in miRBase 18.0 (University
of Manchester, Manchester, UK). Among the 87 unique
miRNAs we identified, 86 and 30 miRNAs could be detected
in the DGF and control groups, respectively. The known
(gpla), conserved (gp2a, gp2b, and gp3), and novel (gp4)
miRNAs accounted for, respectively, 87.2%, 5.82%, and 6.98%
of the total miRNAs in the DGF group (Figure 2(b), left
panel), while known and novel miRNAs separately made
up 76.67% and 23.33% of the total miRNAs in the control
group (Figure 2(b), right panel). In conclusion, these results
demonstrated that the exosomal miRNA profiling in the DGF
and control group is significantly different.

3.4. Analysis of Differentially Expressed Exosomal miRNAs in
DGF and Control Groups. We summarized the coexpressed
and specific exosomal miRNA sequences between the DGF
and control group. Among the exosomal miRNAs we identi-
fied, 29 miRNAs were shared in both the DGF and control
groups, while 57 miRNAs containing 52 known miRNAs
and 5 conserved miRNAs and 1 novel miRNA were specifi-
cally expressed in the DGF and control groups, respectively
(Figure 3(a)). Moreover, we analyzed the expressions of the

29 coexpressed miRNAs in the DGF and control group
(Figure 3(a)). The coexpressed miRNAs were composed of 23
known miRNAs and 6 novel miRNAs (Figure 3(a)). Among
the known coexpressed exosomal miRNAs, 3 miRNAs, hsa-
miR-33a-5p_R-1, hsa-miR-98-5p, and hsa-miR-151a-5p, were
detected at noticeably higher levels in the DGF group than
that in the control group (P = 0.007, 0.024 and 0.027, resp.;
fold change > 2; Figure 3(b)). The detailed information of the
differentially expressed exosomal miRNAs was expressed in
Table 4. These results suggested that the exosomal miRNAs,
hsa-miR-33a-5p_R-1, hsa-miR-98-5p, and hsa-miR-151a-5p,
had the potential to be the biomarkers for DGE.

3.5. Correlation Analysis of Differentially Expressed Exosomal
miRNAs with Clinical Parameters. Since the CR, BUN, or UA
levels of the kidney recipients in the DGF and control group
were significantly different, the correlation analysis of the hsa-
miR-33a-5p_R-1, hsa-miR-98-5p, or hsa-miR-151a-5p miRNA
expressions with these clinical parameters was conducted to
further assess the potential of the three exosomal miRNAs
to be the diagnostic indicators of DGE Noticeably, the
expression of hsa-miR-151a-5p was positively correlated with
CR (r = 0.8131, P = 0.0077; Figure 4(a)), BUN (r = 0.8150,
P = 0.0074; Figure 4(b)), and UA (r = 0.6958, P = 0.0374;
Figure 4(c)) levels, while the expressions of hsa-miR-33a-
5p-R-1 only showed significant positive correlation with the
CR (r=0.9404, P = 0.0002; Figure 4(a)) and BUN (r = 0.7991,
P = 0.0098; Figure 4(b)) levels. No significant correlation
existed between the hsa-miR-98-5p expression and the CR,
BUN, and UA levels (Figures 4(a), 4(b), and 4(c)). These
results demonstrated that hsa-miR-15la-5p was not only a
biomarker candidate for DGF but could reflect the CR, BUN,
and UA levels.

3.6. Functional Analysis of Differentially Expressed miRNA
Target Genes. The target genes of the three differen-
tially expressed exosomal miRNAs, hsa-miR-33a-5p_R-1,
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TaBLE 3: Exosomal miRNAs identified in the peripheral blood of kidney recipients.

miRNA name Length Sequence Group Exp{ziseslion Common/specific
hsa-let-7a-5p 22 TGAGGTAGTAGGTTGTATAGTT gpla high DGEF specific
hsa-let-7b-5p 22 TGAGGTAGTAGGTTGTGTGGTT gpla high common
hsa-let-7d-5p 22 AGAGGTAGTAGGTTGCATAGTT gpla high DGF specific
hsa-let-7f-5p 22 TGAGGTAGTAGATTGTATAGTT gpla high DGEF specific
hsa-let-7g-5p 22 TGAGGTAGTAGTTTGTACAGTT gpla high DGF specific
hsa-let-7i-5p_R-1 21 TGAGGTAGTAGTTTGTGCTGT gpla high common
hsa-miR-100-5p_R-1 21 AACCCGTAGATCCGAACTTGT gpla middle DGEF specific
hsa-miR-101-3p_R+1 22 TACAGTACTGTGATAACTGAAG gpla high common
hsa-miR-103a-3p_R-2 21 AGCAGCATTGTACAGGGCTAT gpla high common
hsa-miR-106a-5p_1ss1AC 23 CAAAGTGCTTACAGTGCAGGTAG gpla high DGEF specific
hsa-miR-106b-5p_R-1 20 TAAAGTGCTGACAGTGCAGA gpla high common
hsa-miR-107_R-2 21 AGCAGCATTGTACAGGGCTAT gpla high common
hsa-miR-10b-5p_R-1 22 TACCCTGTAGAACCGAATTTGT gpla middle DGEF specific
hsa-miR-125b-5p 22 TCCCTGAGACCCTAACTTGTGA gpla high DGF specific
hsa-miR-126-3p 22 TCGTACCGTGAGTAATAATGCG gpla high common
hsa-miR-126-5p 21 CATTATTACTTTTGGTACGCG gpla high DGEF specific
hsa-miR-128-3p 21 TCACAGTGAACCGGTCTCTTT gpla middle DGF specific
hsa-miR-142-3p_L-1 22 GTAGTGTTTCCTACTTTATGGA gpla high DGF specific
hsa-miR-142-5p_L+2R-3 20 CCCATAAAGTAGAAAGCACT gpla high DGEF specific
hsa-miR-143-3p_R+1 22 TGAGATGAAGCACTGTAGCTCT gpla high DGF specific
hsa-miR-144-3p_R-1 19 TACAGTATAGATGATGTAC gpla high common
hsa-miR-145-5p 23 GTCCAGTTTTCCCAGGAATCCCT gpla middle DGEF specific
hsa-miR-146a-5p 22 TGAGAACTGAATTCCATGGGTT gpla middle DGEF specific
hsa-miR-148a-3p 22 TCAGTGCACTACAGAACTTTGT gpla high DGF specific
hsa-miR-148b-3p 22 TCAGTGCATCACAGAACTTTGT gpla middle DGEF specific
hsa-miR-150-5p 22 TCTCCCAACCCTTGTACCAGTG gpla middle DGF specific
hsa-miR-151a-5p 21 TCGAGGAGCTCACAGTCTAGT gpla middle DGEF specific
hsa-miR-152-3p 21 TCAGTGCATGACAGAACTTGG gpla middle DGEF specific
hsa-miR-15a-5p_R-1 21 TAGCAGCACATAATGGTTTGT gpla high common
hsa-miR-15b-5p_R-3 19 TAGCAGCACATCATGGTTT gpla high common
hsa-miR-16-5p 22 TAGCAGCACGTAAATATTGGCG gpla high common
hsa-miR-17-5p 23 CAAAGTGCTTACAGTGCAGGTAG gpla high DGF specific
hsa-miR-181a-5p 23 AACATTCAACGCTGTCGGTGAGT gpla middle DGF specific
hsa-miR-185-5p 22 TGGAGAGAAAGGCAGTTCCTGA gpla middle DGF specific
hsa-miR-191-5p 23 CAACGGAATCCCAAAAGCAGCTG gpla high DGF specific
hsa-miR-199a-3p 22 ACAGTAGTCTGCACATTGGTTA gpla middle DGEF specific
hsa-miR-19b-3p_R-2 21 TGTGCAAATCCATGCAAAACT gpla middle DGF specific
hsa-miR-20a-5p 23 TAAAGTGCTTATAGTGCAGGTAG gpla high DGEF specific
hsa-miR-21-5p 22 TAGCTTATCAGACTGATGTTGA gpla high common
hsa-miR-221-3p_R-1 22 AGCTACATTGTCTGCTGGGTTT gpla high DGF specific
hsa-miR-223-3p_R+1 23 TGTCAGTTTGTCAAATACCCCAA gpla high DGF specific
hsa-miR-22-3p 22 AAGCTGCCAGTTGAAGAACTGT gpla high common
hsa-miR-22-5p_R-1 21 AGTTCTTCAGTGGCAAGCTTT gpla middle DGF specific
hsa-miR-23a-3p_R+1 22 ATCACATTGCCAGGGATTTCCA gpla high DGEF specific
hsa-miR-23b-3p_R-5 18 ATCACATTGCCAGGGATT gpla middle DGF specific
hsa-miR-24-3p 22 TGGCTCAGTTCAGCAGGAACAG gpla middle DGF specific
hsa-miR-25-3p 22 CATTGCACTTGTCTCGGTCTGA gpla high common
hsa-miR-26a-5p 22 TTCAAGTAATCCAGGATAGGCT gpla high common
hsa-miR-26b-5p_R+1 22 TTCAAGTAATTCAGGATAGGTT gpla high common
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TaBLE 3: Continued.

Expression

miRNA name Length Sequence Group level Common/specific
hsa-miR-27a-3p_R-1 20 TTCACAGTGGCTAAGTTCCG gpla high common
hsa-miR-27b-3p 21 TTCACAGTGGCTAAGTTCTGC gpla high DGEF specific
hsa-miR-29a-3p_R-1_1ss10CT 21 TAGCACCATTTGAAATCGGTT gpla high common
hsa-miR-29¢-3p_R-1 21 TAGCACCATTTGAAATCGGTT gpla high common
hsa-miR-30a-5p_R+2 24 TGTAAACATCCTCGACTGGAAGCT gpla high DGEF specific
hsa-miR-30b-5p 22 TGTAAACATCCTACACTCAGCT gpla high DGE specific
hsa-miR-30c-5p_R+1 24 TGTAAACATCCTACACTCTCAGCT gpla high DGF specific
hsa-miR-30d-5p_R+2 24 TGTAAACATCCCCGACTGGAAGCT gpla high DGF specific
hsa-miR-30e-5p_R+2 24 TGTAAACATCCTTGACTGGAAGCT gpla high DGF specific
hsa-miR-320a-3p 22 AAAAGCTGGGTTGAGAGGGCGA gpla high common
hsa-miR-339-5p_R-4 19 TCCCTGTCCTCCAGGAGCT gpla middle DGF specific
hsa-miR-33a-5p_R-1 20 GTGCATTGTAGTTGCATTGC gpla middle DGF specific
hsa-miR-363-3p_R-1 21 AATTGCACGGTATCCATCTGT gpla middle DGF specific
hsa-miR-378a-3p_R-1 21 ACTGGACTTGGAGTCAGAAGG gpla high DGF specific
hsa-miR-423-3p 23 AGCTCGGTCTGAGGCCCCTCAGT gpla middle DGF specific
hsa-miR-423-5p 23 TGAGGGGCAGAGAGCGAGACTTT gpla middle DGF specific
hsa-miR-425-5p_R-1 22 AATGACACGATCACTCCCGTTG gpla middle DGEF specific
hsa-miR-45la_R-1 21 AAACCGTTACCATTACTGAGT gpla high common
hsa-miR-484_R-1 21 TCAGGCTCAGTCCCCTCCCGA gpla middle DGF specific
hsa-miR-486-5p 22 TCCTGTACTGAGCTGCCCCGAG gpla high common
hsa-miR-652-3p_R-1 20 AATGGCGCCACTAGGGTTGT gpla middle DGF specific
hsa-miR-92a-3p 22 TATTGCACTTGTCCCGGCCTGT gpla high common
hsa-miR-93-5p 23 CAAAGTGCTGTTCGTGCAGGTAG gpla high DGEF specific
hsa-miR-98-5p 22 TGAGGTAGTAAGTTGTATTGTT gpla middle DGF specific
hsa-miR-99a-5p_R-1 21 AACCCGTAGATCCGATCTTGT gpla high DGF specific
hsa-miR-99b-5p 22 CACCCGTAGAACCGACCTTGCG gpla middle DGEF specific
eca-miR-451_L+1R-1_1ss20TA 22 CAAACCGTTACCATTACTGAGT gp2a middle DGF specific
efu-miR-9226_L-4_1ss22GA 18 GTCCCTGTTCGGGCGCCA gp2a middle DGF specific
mmu-miR-3968_L-3_1ss14AT 18 ATCCCACTCCTGACACCA gp2b middle DGF specific
cgr-miR-1260 18 ATCCCACCGCTGCCACCA gp2b middle DGEF specific
bta-miR-2478_L-2 18 ATCCCACTTCTGACACCA gp3 middle DGEF specific
PC-3p-1061_715 18 AGTCCACGATCCCCGTGG gp4 high common
PC-3p-2112_237 19 CCCACCACGTTCCCCGTGG gp4 middle common
PC-3p-4600_77 19 TTCCACCACGTTCCCGGTG gp4 middle ctrl specific
PC-3p-4883_70 18 CACGTTCCCGGGCCGTGG gp4 middle common
PC-3p-857_1046 18 ATTCCAACGTTCCCGTGG gp4 high common
PC-5p-1596_363 18 GTTCCCGTGGTCCCGTGA gp4 high common
PC-5p-3627_109 18 CTCCACCACTTCCCGTGG gp4 middle common

gpla: reads were mapped to miRNAs/pre-miRNAs of specific species in miRBase and the pre-miRNAs were further mapped to genome and EST. gp2a: reads
were mapped to miRNAs/pre-miRNAs of selected species in miRBase and the mapped pre-miRNAs were not further mapped to genome, but the reads (and
of course the miRNAs of the pre-miRNAs) were mapped to genome. The extended genome sequences from the genome loci may form hairpins. gp2b: reads
were mapped to miRNAs/pre-miRNAs of selected species in miRBase and the mapped pre-miRNAs were not further mapped to genome, but the reads (and
of course the miRNAs of the pre-miRNAs) were mapped to genome. The extended genome sequences from the genome loci may not form hairpins. gp3:
reads were mapped to miRNAs/pre-miRNAs of selected species in miRBase and the mapped pre-miRNAs were not further mapped to genome, and the reads
were not mapped to genome either. But the reads were mapped to the miRNAs (Matures). gp4: reads were not mapped to pre-miRNAs of selected species in
miRBase. But the reads were mapped to genome and the extended genome sequences from genome may form hairpins.
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FIGURE 4: Correlation analysis of differentially expressed exosomal miRNAs with clinical parameters. Pearson correlation was performed to
examine the relationship between hsa-miR-151a-5p, hsa-miR-33a-5p_R-1, and hsa-miR-98-5p and the first-week serum (a) CR, (b) BUN, or
(c) UA levels in the kidney recipients after transplantation. Pearson correlation coeflicient (r) and P value are plotted in each case.

TaBLE 4: The differentially expressed miRNAs between DGF and Ctrl (P < 0.05).

miR name miR sequence Genome ID Pre-miRNA sequence Fold change log2 P value
(fold change)
ggcagctgtgGTGCATTGTAGTTG
i aa . GTGCATTGTAGTTGC CATTGCatgttctggtggtacccatgCA
hsa-miR-33a-5p_R-1 ATTGC chr22 ATGTTTCCACAGTGCATCAca 3.954 1.983 0.007
gaggectg
aggattctgctcatgccagggTGAGGTA
hsa-miR-98-5p TGAGGTAGTAAGTT chrX GTAAGTTGTATTGTTgtggggtag 5777 2530 0.024
GTATTGTT ggatattaggccccaattagaagataactatac
aacttactactttccctggtgtgtggcatattca
ggggcaaagatgactaaaacacttttcctgecc
TCGAGGAGCTCACAGTCTAG
hsa-miR-15la-5p TCGAC(;E gr(l}\%ECACA chr8 TatgtctcatcccctaCTAGACTGAA 3.375 1.755 0.027

GCTCCTTGAGGacagggatggtcata
ctcacctc

DGEF: delayed graft function; Ctrl: control; Fold change: fold change (DGF(mean)/Ctrl(mean)); P value: DGF versus Ctrl, ¢-test.
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FIGURE 5: The regulatory network between miRNAs and target genes associated with DGF. The red and green roundness represented the miRNAs
and genes, respectively. The target gene number was expressed in parentheses.

hsa-miR-98-5p, or hsa-miR-151a-5p, were predicted using
TargetScan and miRanda software. 1647, 1858, and 647 target
genes of hsa-miR-33a-5p_R-1, hsa-miR-98-5p, and hsa-miR-
151a-5p were identified, respectively (Figure 5). To further
highlight the functional features of exosomal miRNAs, the
putative target genes were subsequently annotated in GO
terms. As shown in Figure 6, the target genes were mainly
enriched in “protein binding” (1850 genes, P = 9.807E-
15), “cytoplasm” (1,307 genes, P = 3.997E-14), “nucleus”
(1,275 genes, P = 1.027E-07), “cytosol” (971 genes, P =
1.158E-05), “metal ion binding” (825 genes, P = 4.330E-15),
“nucleoplasm” (665 genes, P = 2.626E-08), “regulation of
transcription, DNA-templated” (573 genes, P = 3.456E-10),
“transcription, DNA-templated” (532 genes, P = 1.681E-09),
and so forth (Figure 6). KEGG enrichment analysis demon-
strated that target genes were significantly enriched in 52 sig-
naling pathways. Among these signaling pathways, “MAPK
signaling pathway” (82 genes, P = 1.158E-05), “Proteoglycans
in cancer” (62 genes, P = 1.158E-05), “Axon guidance” (58
genes, P = 1.158E-05), “cGMP - PKG signaling pathway” (51
genes, P = 1.158E-05), and “Oxytocin signaling pathway” (48
genes, P =1.158E-05) were the five most significantly enriched
signaling pathways (Figure 7).

4. Discussion

Since few researches have been done to demonstrate the role
of exosomal miRNAs associated with the process of DGF

in kidney transplantation, in this study, we utilized high-
throughput sequencing to explore the miRNA expression
profiling and function of exosomes in the peripheral blood
of kidney recipients with or without DGE The lengths of the
miRNAs we identified in the DGF group ranged from 18 to
24 nt, while the length of the miRNAs in the control group
ranged from 18 to 22 nt. Though the length distributions of
unique miRNAs varied in the DGF and control groups, they
exhibited the canonical size range distribution common to
mammalian miRNAs [24]. Through comparing the miRNA
sequences with the known miRNAs in the miRBase, we
identified 87 exosomal miRNAs in the peripheral blood of
kidney recipients with DGF after transplantation.

Among the 87 exosomal miRNAs, 57 were specific and
were expressed specially in the recipients with DGE while 29
exosomal miRNAs were coexpressed in the DGF and control
groups. Three coexpressed exosomal miRNAs, hsa-miR-33a-
5p_R-1, hsa-miR-98-5p, and hsa-miR-15la-5p, were further
found to be significantly upregulated in the peripheral blood
of kidney recipients with DGF, indicating that these exosomal
miRNAs could be biomarker candidates for DGF. Mean
values of CR, BUN, and UA were observed to be significantly
increased in the liver recipients with (acute kidney injury)
AKT at postoperative days 1, 3, and 7 [25]. In our study, the
CR, BUN, and UA levels of the recipients in DGF group were
also significantly higher than those of the recipients in control
group, respectively. It was remarkable that the hsa-miR-
151a-5p expression showed significant positive correlation
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with CR, BUN, and UA levels of the patients as well. Thus,
compared with two other exosomal miRNAs, hsa-miR-151a-
5p seemed to have more clinical value, for it could not only
be a biomarker candidate for DGF but also reflect CR, BUN,
and UA more accurately.

Few evidences in previous research were provided to
demonstrate the relationship between kidney transplantation
and hsa-miR-33a-5p_R-1, hsa-miR-98-5p, or hsa-miR-15la-
5p. In this study, GO and KEGG pathway enrichment analy-
ses were utilized to reveal biological processes and functions
of differentially expressed exosomal miRNA target genes
relevant for DGE Our results indicated that the differentially
expressed genes were mainly involved in MAPK signaling
pathway and biological processes including DNA-templated
transcription. MAPK signaling pathway was shown to play
a pivotal role in chronic allograft dysfunction of kidney

transplant recipients by regulating kidney interstitial fibrosis.
Renal fibrosis was ameliorated by interfering the MAPK
signaling pathway in an animal model of unilateral ureteral
obstruction [26-28]. P38 MAPK signaling pathway could
be observed to be activated in human kidney (HK-2) cells
stimulated by IL-33 and kidney recipients with chronic
allograft dysfunction [29]. Recent studies also uncovered
that MAPK signaling pathway was associated with cerebral,
cardiac, and retinal ischemia reperfusion injury [30-32].
DGF is primarily a consequence of ischemia and reperfusion
(IR) injury resulting in postischemic acute tubular necrosis
[2]. Therefore, probably, the differentially expressed exosomal
miRNAs, hsa-miR-33a-5p_R-1, hsa-miR-98-5p, and hsa-miR-
151a-5p, might moderate the process of DGF by regulating the
MAPK signaling pathway associated with ischemia reperfu-
sion injury.
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respectively.

Noticeably, two DGF-specific exosomal miRNAs that we
identified, hsa-miR-20a-5p and hsa-miR-17-5p, were reported
also to be significantly upregulated in the biopsy specimens
of DGF kidneys with acute tubular necrosis [33]. DGF is
regarded as a consequence of ischemia and reperfusion injury
(IR) resulting in postischemic acute tubular necrosis [2].
Essentially, these results were consistent with ours and further
confirmed the possibility of exosomal hsa-miR-20a-5p and
hsa-miR-17-5p in the peripheral blood of the kidney recip-
ients to be the biomarkers of DGE hsa-miR-17-5p was also
found to be involved in liver allograft rejection by regulating
PD-L1 expression [34], suggesting that the regulation of
PD-L1 may be a possible mechanism for hsa-miR-17-5p to

function in DGE However, the studies about the role of
hsa-miR-20a-5p in kidney transplantation were very limited;
most researches about hsa-miR-20a-5p are associated with
cancer [35, 36]. Though significant upregulation of exoso-
mal miRNAs hsa-miR-21-5p and hsa-miR-106b-5p could be
detected in DGF kidney in the previous study [33], our results
demonstrated that the expressions of these two exosomal
miRNAs were similar in the peripheral blood of the kidney
recipients with or without DGE

Overall, in this study, we identified the expression
profiling of exosomal miRNAs in the peripheral blood of
kidney recipients with DGF using Solexa high-throughput
sequencing and provided new insights into the important
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role of the exosome-derived miRNA regulation in DGEF.
The miRNA candidates, hsa-miR-33a-5p_R-1, hsa-miR-98-
5p, and hsa-miR-15la-5p, which were upregulated in the
process of DGF, have the potential to be used as biomarkers
to predict graft function in the kidney recipients and the
inhibitors of these miRNAs might offer a novel treatment
option in transplantation.

Data Availability

The clinical data of the patients used to support the findings
of this study are included within the article. The original
sequencing data of the microRNA used to support the
findings of this study are available from the corresponding
author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Authors’ Contributions

Junpeng Wang and Xin Li contributed equally to this work.

References

[1] S. G. Yarlagadda, S. G. Coca, R. N. Formica, E. D. Poggio, and
C. R. Parikh, “Association between delayed graft function and
allograft and patient survival: a systematic review and meta-
analysis,” Nephrology Dialysis Transplantation , vol. 24, no. 3, pp.
1039-1047, 2009.

[2] B. Schroppel and C. Legendre, “Delayed kidney graft function:
from mechanism to translation,” Kidney International, vol. 86,
no. 2, pp. 251-258, 2014.

[3] S. N. Tapiawala, K. J. Tinckam, C. J. Cardella et al., “Delayed
graft function and the risk for death with a functioning graft,
Journal of the American Society of Nephrology, vol. 21, no. 1, pp.
153-161, 2010.

[4] A. Sharif and R. Borrows, “Delayed graft function after kidney
transplantation: the clinical perspective,” American Journal of
Kidney Diseases, vol. 62, no. 1, pp. 150-158, 2013.

[5] S. Keller, M. P. Sanderson, A. Stoeck, and P. Altevogt, “Exo-
somes: from biogenesis and secretion to biological function,”
Immunology Letters, vol. 107, no. 2, pp. 102-108, 2006.

[6] E. van der Pol, A. N. Boing, P. Harrison, A. Sturk, and R.
Nieuwland, “Classification, functions, and clinical relevance of
extracellular vesicles,” Pharmacological Reviews, vol. 64, no. 3,
pp. 676-705, 2012.

[7] M. Mirzakhani, M. Mohammadnia-Afrouzi, M. Shahbazi, S. A.

Mirhosseini, H. M. Hosseini, and J. Amani, “The exosome as a

novel predictive/diagnostic biomarker of rejection in the field

of transplantation,” Clinical Immunology, vol. 203, pp. 134-141,

2019.

C. Thery, KW. Witwer, E. Aikawa et al., “Minimal informa-

tion for studies of extracellular vesicles 2018 (MISEV2018): a

position statement of the international society for extracellular

vesicles and update of the MISEV2014 guidelines,” Journal of

Extracellular Vesicles, vol. 7, Article ID 1535750, 2018.

[9] H. Valadi, K. Ekstrom, A. Bossios, M. Sjostrand, J. J. Lee,
and J. O. Lotvall, “Exosome-mediated transfer of mRNAs and

(8

13

microRNAs is a novel mechanism of genetic exchange between
cells;” Nature Cell Biology, vol. 9, no. 6, pp. 654-659, 2007.

[10] B. K. Thakur, H. Zhang, A. Becker et al., “Double-stranded
DNA in exosomes: a novel biomarker in cancer detection,” Cell
Research, vol. 24, no. 6, pp. 766-769, 2014.

[11] N.P. Hessvik and A. Llorente, “Current knowledge on exosome
biogenesis and release,” Cellular and Molecular Life Sciences, vol.
75, no. 2, pp. 193-208, 2018.

[12] B. Dhondt, J. Van Deun, S. Vermaerke et al., “Urinary extracel-
lular vesicle biomarkers in urological cancers: from discovery
towards clinical implementation,” The International Journal of
Biochemistry & Cell Biology, vol. 99, pp. 236-256, 2018.

[13] B. Yang, Y. Chen, and J. Shi, “Exosome biochemistry and
advanced nanotechnology for next-generation theranostic plat-
forms,” Advanced Materials, vol. 31, no. 2, Article ID 1802896,
2019.

[14] S. Roy, E H. Hochberg, and P. S. Jones, “Extracellular vesicles:
the growth as diagnostics and therapeutics; a survey;” Journal
of Extracellular Vesicles (JEV), vol. 7, no. 1, Article ID 1438720,
2018.

[15] X.Yu, C.Huang, B. Songetal., “CD4+CD25+ regulatory T cells-
derived exosomes prolonged kidney allograft survival in a rat
model,” Cellular Immunology, vol. 285, no. 1-2, pp. 62-68, 2013.

[16] I. S. Dewi, S. Celik, A. Karlsson et al., “Exosomal miR-142-3p

is increased during cardiac allograft rejection and augments

vascular permeability through down-regulation of endothelial

RABIIFIP2 expression,” Cardiovascular Research, vol. 113, no. 5,

pp. 440-452, 2017.

H. Zhang, E. Huang, J. Kahwaji et al., “Plasma exosomes from

HLA-sensitized kidney transplant recipients contain mrNA

transcripts which predict development of antibody-mediated

rejection,” Transplantation, vol. 101, no. 10, pp. 2419-2428, 2017.

[18] J. Lim, C. Lee, K. Y. Kim et al, “Novel urinary exosomal
biomarkers of acute T cell-mediated rejection in kidney trans-
plant recipients: a cross-sectional study;” PLoS ONE, vol. 13, no.
9, Article ID 0204204, 2018.

[19] A. Kainz, J. Wilflingseder, C. Mitterbauer et al, “Steroid
pretreatment of organ donors to prevent postischemic renal
allograft failure: a randomized, controlled trial,} Annals of
Internal Medicine, vol. 153, no. 4, pp. 222-230, 2010.

[20] M. Mengel, B. Sis, M. Haas et al., “Banft 2011 meeting report:
new concepts in antibody-mediated rejection,” American Jour-
nal of Transplantation, vol. 12, no. 3, pp. 563-570, 2012.

[21] M. Maragkakis, P. Alexiou, G. L. Papadopoulos et al., “Accurate
microRNA target prediction correlates with protein repression
levels,” BMC Bioinformatics, vol. 10, article 1471, p. 295, 2009.

[22] K. C. Miranda, T. Huynh, and Y. Tay, “A pattern-based method
for the identification of MicroRNA binding sites and their
corresponding heteroduplexes,” Cell, vol. 126, no. 6, pp. 1203—
1217, 2006.

[23] D. W. Huang, B. T. Sherman, and R. A. Lempicki, “Systematic
and integrative analysis of large gene lists using DAVID bioin-
formatics resources,” Nature Protocols, vol. 4, no. 1, pp. 44-57,
2009.

[24] J. Liao, R. Liu, L. Yin, and Y. Pu, “Expression profiling of
exosomal miRNAs derived from human esophageal cancer cells
by Solexa high-throughput sequencing,” International Journal of
Molecular Sciences, vol. 15, no. 9, pp. 15530-15551, 2014.

[25] H. Lu, X. Ning, Y. Chen et al., “Predictive value of serum cre-
atinine, blood urea nitrogen, uric acid, and 2-microglobulin
in the evaluation of acute kidney injury after orthotopic liver

(17



14

(26]

(27]

(29]

(31]

oy
D

W
)

(34]

[35

transplantation,” Chinese Medical Journal, vol. 131, no. 9, pp.
1059-1066, 2018.

E. C. Lorenz, Z. M. El-Zoghby, H. Amer et al., “Kidney allograft
function and histology in recipients dying with a functioning
graft] American Journal of Transplantation, vol. 14, no. 7, pp.
1612-1618, 2014.

C. Stambe, R. C. Atkins, G. H. Tesch, T. Masaki, G. F. Schreiner,
and D. J. Nikolic-Paterson, “The role of p38a mitogen-activated
protein kinase activation in renal fibrosis,” Journal of the
American Society of Nephrology, vol. 15, no. 2, pp. 370-379, 2004.
J. Li, N. V. Campanale, R. J. Liang, J. A. Deane, J. E Bertram,
and S. D. Ricardo, “Inhibition of p38 mitogen-activated pro-
tein kinase and transforming growth factor-$1/smad signaling
pathways modulates the development of fibrosis in adriamycin-
induced nephropathy,” The American Journal of Pathology, vol.
169, no. 5, pp. 1527-1540, 2006.

Z.Xu, C. Zhao, Z. Wang et al., “Interleukin-33 levels are elevated
in chronic allograft dysfunction of kidney transplant recipients
and promotes epithelial to mesenchymal transition of human
kidney (HK-2) cells,” Gene, vol. 644, pp. 113-121, 2018.

R. Y. Yan, S. J. Wang, G. T. Yao, and Z. G. Liu, “he protective
effect and its mechanism of 3-n-butylphthalide pretreatment on
cerebral ischemia reperfusion injury in rats,” European Review
for Medical and Pharmacological Sciences, vol. 21, pp. 5275-5282,
2017.

S. I. Khan, R. K. Malhotra, N. Rani et al., “Febuxostat modu-
lates MAPK/NF-xBp65/TNF-a signaling in cardiac ischemia-
reperfusion injury;” Oxidative Medicine and Cellular Longevity,
vol. 2017, Article ID 8095825, 13 pages, 2017.

E Ulbrich, K. B. Kaufmann, A. Meske et al., “The CORM ALF-
186 mediates anti-apoptotic signaling via an activation of the
p38 MAPK after ischemia and reperfusion injury in retinal
ganglion cells,” PLoS ONE, vol. 11, no. 10, Article ID e0165182,
2016.

J. Wilflingseder, H. Regele, P. Perco et al., “MiRNA profiling
discriminates types of rejection and injury in human renal
allografts,” Transplantation, vol. 95, no. 6, pp. 835-841, 2013.

Q. Chen, R. Zhou, Y. Zhang et al., “Bone marrow mesenchymal
stromal cells attenuate liver allograft rejection may via upregu-
lation PD-LI expression through downregulation of miR-17-5p,”
Transplant Immunology, vol. 51, pp. 21-29, 2018.
Z.Jafarzadeh-Samani, S. Sohrabi, K. Shirmohammadi, H. Effat-
panah, R. Yadegarazari, and M. Saidijam, “Evaluation of miR-
22 and miR-20a as diagnostic biomarkers for gastric cancer,”
Chinese Clinical Oncology, vol. 6, no. 2, pp. 1-6, 2017.

D. Huang, G. Bian, Y. Pan et al., “MiR-20a-5p promotes radio-
resistance by targeting Rab27B in nasopharyngeal cancer cells,”
Cancer Cell International, vol. 17, no. 1, p. 32, 2017.

BioMed Research International



