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Abstract—Pancreatic ductal adenocarcinoma (PDAC) remains a clinical challenge due to its poor prognosis. Therefore, the
early diagnosis of PDAC is extremely important for achieving a cure. MicroRNAs (miRNAs) could serve as a potential bio-
marker for the early detection and prognosis of PDAC. In this work we analyzed plasma samples from healthy persons and
PDAC patients to assess differential miRNA expression profiles by next generation sequencing technology and bioinfor-
matics analysis. In this way, 165 mature miRNAs were found to be significantly deregulated in the patient group, of which
75 and 90 mature miRNAs were up- and down-regulated compared with healthy individuals, respectively. Furthermore,
1029 novel miRNAs were identified. In conclusion, plasma miRNA expression profiles are different between healthy indi-
viduals and patients with PDAC. These data provide a possibility for use of miRNA as diagnostic and prognostic biomark-

ers of PDAC.
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Pancreatic ductal adenocarcinoma (PDAC) is a
highly lethal disease with overall 5-year survival rate of
less than 5% [1]. Due to its high metastasis rate and
absence of early clinical symptoms, approximately 80%

Abbreviations: miRNA, microRNA; PDAC, pancreatic ductal
adenocarcinoma.
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of patients are diagnosed at a late stage and lose the opti-
mal surgical therapy time [2]. Therefore, novel approach-
es for early detection of PDAC are urgently required.
MicroRNAs (miRNAs), single-stranded RNAs with
19-25 nucleotides (nt) generated from endogenous hair-
pin-shaped transcripts, were discovered in 1993 [3].
MiRNAs do not encode protein but regulate approxi-
mately 50% of protein-coding genes [4]. These regulato-
ry elements are first to be transcribed and then processed
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by Dicer and Drosha complexes into 21-23-nt mature
miRNAs [5]. The miRNA is incorporated into the RNA-
induced silencing complex (RISC) containing Dicer and
other associated proteins [6]. RISC regulates posttran-
scriptional mRNA expression typically by binding to the
3’ untranslated region (3'-UTR) of the complementary
mRNA sequence, preventing the recognition of cap by
el F4E and subsequent binding of translational factors [7].
Previous studies have demonstrated that miRNAs are not
only highly correlated with tumorigenesis and progres-
sion [4, 8, 9], but also related to drug resistance, tumor
metastasis, angiogenesis, cancer relapse, and poor clini-
cal outcomes [10-13]. MiRNAs can be detected by a fully
automated, high throughput procedure. MiRNAs pro-
duced from disrupted cells are transported in exosomes
and released into blood [14, 15]. Being protected by exo-
somes, circulating miRNAs are stable biomarkers and can
potentially be used for cancer detection, prognosis, and
therapeutic evaluation [14, 16].

In PDAC, miRNAs have been reported to be respon-
sible for apoptosis escape, proliferation, epithelial mes-
enchymal transition (EMT), metastasis, invasion, and
drug resistance [17, 18]. Besides, it has been shown that
they might be used as potential biomarkers for PDAC
diagnosis [19]. Although some blood-sample based
miRNA expression profiles of PDAC have been reported
[20-23], a commonly used miRNAs panel for PDAC
detection has not been determined yet.

In this study, we identified miRNA profiles of plasma
samples of healthy individuals and PDAC patients by
small RNA sequencing and found 165 mature miRNAs
that are deregulated in PDAC.

MATERIALS AND METHODS

Patient samples. Five patients were recruited with the
diagnosis of PDAC (P group) at the Department of
General Surgery in the Second Affiliated Hospital of
Zhengzhou University from October 2015 to March
2016. PDAC diagnosis was confirmed by histopathologic
examination. Meanwhile, five healthy volunteers (H
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group) were randomly recruited from the Physical
Examination Department or from the Department of
Digestive Internal Medicine. The healthy individuals of
the H group did not have diagnosis for any type of cancer
or prior cancer history. The clinical-epidemiological
characteristics of the participants are summarized in
Table 1.

All blood samples were collected before surgical
operation and gathered into polyethylene tubes that were
pre-rinsed with EDTA. The samples were centrifuged at
2500 rpm for 5 min at 4°C. Plasma samples were collect-
ed by centrifugation. The plasma samples from each
group were immediately collected and stored at —80°C.

RNA extraction and sequencing. Total RNA was
extracted using a Norgen Plasma/Serum Circulating
RNA Purification Mini Kit (Norgen, Canada) following
the manufacturer’s procedure. The quantity and purity of
total RNA were analyzed by an Agilent Bioanalyzer 2100
and RNA 6000 Nano LabChip Kit (Agilent, USA). The
cutoff for RNA sequencing is RIN (RNA Integrity
Number) number >7.0. Approximately 0.2-0.7 ug of total
RNA was used to prepare a small RNA library according
to the manufacturer’s protocol of TruSeq Small RNA
Sample Prep Kits (Illumina, USA). Briefly, for small
RNA library construction, the total RNA was size-frac-
tionated on gel, and the 18-30-nt fraction was excised and
purified. The gel-purified small RNAs were ligated to the
5" RNA adapter and then the 3’ RNA adapter. The liga-
tion products were purified, reverse transcribed, and
amplified by RT-PCR. After the PCR products were
purified, single-end sequencing (36 bp) was performed on
an Illumina Hiseq2500 instrument at LC-BIO
(Hangzhou, China) following the vendor’s protocol.

Bioinformatics and data processing. In this study, the
CAP-miRSeq algorithm was used for a comprehensive
analysis of small RNA sequencing reads to identify, anno-
tate, and quantify miRNAs according to the user guide
with some modifications [24]. In brief, the pre-processing
of sequencing reads was performed by FastQC v. 0.10.1 to
clean low-quality sequences and to remove adapter
sequences from sequencing reads. Clean reads of more
than 17 nt in length were aligned against the human

Table 1. Clinical-epidemiological characteristics of participants

Group Number Age, years Weight, kg Sex Clinical stage
ZYFRI1 47 67.7 male —
H group ZYFR2 77 63.5 male -
ZYFR3 63 59.7 female —
ZYFR4 52 57.2 female —
ZYFR5 77 56.5 female —
ZYFRI11 77 62.7 male v
P group ZYFR12 49 67.8 male 111
ZYFR13 75 62.5 male v
ZYFR14 70 56.5 female v
ZYFRI15 29 69.7 male 11
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Genome (hgl9) and miRBase 20 using Bowtie v. 0.12.7
[25]. Subsequently, identification and quantification of
known and predicted potential miRNAs were finished
using miRDeep v. 2.0.0.5 [26, 27]. The significance of dif-
ferential expression of miRNAs was determined using
edgeR between healthy volunteers (H group) and PDAC
patients (P group) [28]. The small RNA expression pro-
filing data used for this study is publicly accessible
through GEO (GSE44853).

Statistical analysis. All results are expressed as
mean = SD. Differences between groups were evaluated
by analysis of variance, and post hoc analysis was per-
formed by the Tukey—Kramer test. p value less than 0.05
was considered statistically significant.

RESULTS

MiRNA expression profiles in blood plasma. To deter-
mine whether miRNAs could serve as potential biomark-
ers for PDAC diagnosis, five PDAC patients and five
healthy volunteers were recruited (named as P group and
H group, respectively). Blood samples were collected and
the miRNAs from the plasma samples were sequenced by
an Illumina Hiseq2500 instrument at LC-BIO. We found
that a total of 130,162,923 and 163,059,214 reads are pro-
duced for the following analysis in P group (samples
ZYFR11-15) and H group (samples ZYFR1-5), respec-
tively. Among them, 581 of the known mature miRNAs
with >5x coverage are detected in the P group and 558 of
those in the H group (Table 2).

After that, the miRNA gene expression profiles were
normalized (Fig. 1, a and b). For this purpose, the unsu-
pervised hierarchical clustering of miRNA expression
data was performed and presented as a heatmap (Fig. 1¢).
The p value of comparison of differential expression
between H and P groups was calculated and visualized as
shown in the volcano plot (Fig. 1d).

Small RNA distribution by genomic annotation. When
compared with the human genome annotation (hgl9),
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the small RNAs distributed in 27 types of genomic loci,
including the protein coding region, miRNA loci,
IncRNA loci, etc. Among them, the top three small RNA
mapping regions with the most proportions in the H
group were protein-coding ones (73%), miRNA (17%),
and IncRNA (5%) loci (Fig. 2a), while the P group con-
sisted of miRNA (44%), IncRNA (38%), and protein-
coding (13%) loci (Fig. 2b). Among the 27 genomic loci
with small RNAs mapped, proportions of small RNAs
from protein-coding (15%) and pseudogene loci (0.2%)
in the H group were significantly higher than the ones in
the P group (2 and 0.1%) with p value 0.0024 and 0.0419,
respectively (Fig. 2, ¢ and d). The data indicated that the
miRNAs are significantly differential expressed between
PDAC patients and healthy persons.

Differential expression of mature miRNAs and novel
miRNA in P versus H groups. To assess potential diagnos-
tic value of the identified small RNAs, differential analy-
sis by edgeR was performed to determine the expression
differences between the P and H groups. The analysis
revealed that the expression of 165 miRNAs were signifi-
cantly (p < 0.05) different between the P and H groups.
From these, mature miRNAs were significantly up- (75)
and down-regulated (90) in the P group rather than in the
H group (p <0.05; Table S1, see Supplement to this paper
on the website of the journal (http://protein.bio.msu.ru/
biokhimiya) and Springer site (Link.springer.com)).

In addition, a total of 279 novel miRNAs in the H
group and 785 in the P group were found (Tables S2 and
S3, see Supplement), of which 35 novel miRNAs were
shared by the H and P groups.

DISCUSSION

As mentioned in the introductory part, early diagno-
sis is extremely important for PDAC patients. Plasma
miRNAs have been reported as a type of reliable bio-
markers for PDAC early detection due to its sensitivity,
specificity, and stability. Although miRNA studies based

Table 2. General information of small RNA sequencing from plasma samples in the H and P groups

Group Sample Total reads Precursor miRNA reads Mature miRNA Known miRNA
reads with >5x coverage
H group ZYFRI 26,423,364 2058 1,376,892 637
ZYFR2 32,198,124 2541 2,273,633 701
ZYFR3 31,026,114 401 398,921 413
ZYFR4 38,297,930 1671 328,423 345
ZYFRS5 35,113,682 4372 1,969,065 694
P group ZYFRI11 26,084,797 19,447 1,633,708 527
ZYFRI12 22,687,051 4655 572,342 291
ZYFR13 30,007,205 13,576 13,892,602 811
ZYFR14 20,235,930 8966 1,452,705 482
ZYFRI15 31,147,940 7756 15,118,396 795
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Fig. 1. Statistics and heatmap of sequencing data: a) raw expression counts of each sample; b) normalized counts of each sample; ¢) heatmap
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on blood samples have been performed for clinical uti-
lization, there is no reproducible miRNA marker panel
shared by all studies [19-23]. In our study, plasma miRNA
profiles from healthy individuals (H group) and PDAC
patients (P group) in a Chinese Han population were
investigated with genome-wide small RNA expression
profiling. A total of 165 mature miRNAs are significantly
differentially expressed between the P group and H group,
among which 75 are up-regulated and 90 are down-regu-
lated in the P group rather than in H group, respectively.
The top two significantly up-regulated miRNAs in the P
group are hsa-miR-182-5p (logFold-Change = 4.00, p =
1.77E-10) and hsa-miR-4732-5p (logFold-Change =
3.78, p = 4.76E-11), while the two significantly down-
regulated miRNAs in P group are hsa-miR-139-5p
(logFold-Change = —4.07, p = 3.35E-15) and hsa-miR-
23b-3p (logFold-Change = —3.93, p =4.31E-15).

It has been reported that miR-182-5p (previous ID:
miR-182, MiRBase) is overexpressed in PDAC cell lines
and tumor tissues and promotes tumor cell proliferation
and migration via direct targeting of the B-TrCP/p-catenin
pathway [29]. In addition, the overexpression of miR-182-
5p could depress FOXO3a (Forkhead box O3) and lead to
the BIM/Bax-dependent mitochondrial apoptosis signal-
ing pathway by directly inhibiting FOXO3a expression [30,
31]. Consistent with the above-mentioned studies, plasma
miR-182-5p was also found in our study. In addition, Chen
et al. found that circulating miR-182 in pancreatic cancer
patients was significantly higher than that in healthy con-
trols, which may become useful as a non-invasive tumor
marker for diagnosis and prognosis of PDAC [32] after
careful further validation in a larger cohort.

MiR-4732-5p was reported to be expressed in breast
tissue [33]. MiR-4732-5p may directly bind the 5'-UTR
region of Wrap53 mRNA in breast cancer and prohibit the
binding of p53 mRNA [34], indicating a possible linkage
between miR-4732-5p and tumor suppressive protein p53.
As recently shown, p53 plays an important role in the late-
stage progression of PDAC, indicating that miR-4732-5p
may also play an important role in PDAC genesis [35].

The functions of miR-139-5p (previous ID: miR-
139, MiRBase) in cancer are still controversial between
different studies. Li et al. reported miR-139 is significant-
ly overexpressed in endothelial cells of human pancreatic
tumor and may be positively correlated with migration
and angiogenesis [36] and could also promote the pro-
gression of colorectal cancer and oral tongue squamous
cell carcinoma [37, 38]. However, some studies proposed
that miR-139 is a tumor suppresser and is significantly
down-regulated in non-small cell lung cancer (NSCLC),
hepatocellular carcinoma, basal cell carcinoma, and
adult acute myeloid leukemia [39-43].

The second most down-regulated miRNAs in the P
group is hsa-miR-23b-3p (previous ID miR-23b,
MiRBase). However, the function of this miRNA is still
to be determined. Previous studies showed that miR-23b-
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3p was down-regulated in the tissue of NSCLC patients
[44], but other researchers reported that miR-23b-3p was
an up-regulated factor in circulating exosomes of
NSCLC patients [45, 46]. Wang et al. found that miR-23b
inhibits autophagy in human pancreatic cancer cell line
BxPC3 and Panc-1 by direct targeting of ATGI12
(autophagy-related protein 12), and further sensitized
pancreatic cancer cells to radiation treatment [47]. An
inversely correlated expression pattern of miR-23b and
ATG12 was found in human PDAC. In our study, the
expression level of miR-23b-3p was significantly
decreased in the plasma of PDAC patients, indicating its
potential diagnostic role in PDAC detection.

In conclusion, a genome wide small RNA expression
profiling was performed for plasma samples from PDAC
patients and healthy volunteers, a total of 165 mature
miRNAs were differentially expressed between PDAC
and healthy groups, and these miRNAs could be potential
early and non-invasive diagnostic biomarkers for PDAC
when further validated in a large cohort.
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