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Identifying pancreatic cancer-associated miRNAs using
weighted gene co-expression network analysis
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Abstract. Pancreatic cancer is a common type of gastroin-
testinal tumour throughout the world and is characterised by
high malignancy rates and poor prognosis. Studies indicated
that early and effective diagnosis is key to prolonging patients'
overall survival, particularly in the case of fluid biopsy. Given
this, the present study was designed to evaluate the expression
profile arrays of patients with pancreatic cancer from the Gene
Expression Omnibus database in an effort to identify differ-
entially expressed microRNAs (miRNAs/miRs) that may be
suitable for application in liquid biopsy-based diagnostics.
Suitable miRNA candidates were identified using a weighted
correlation network analysis (WGCNA) and key differentially
expressed miRNAs were verified using reverse transcrip-
tion-quantitative PCR. WGCNA identified 11 differentially
expressed miRNAs (miR-155-5p, miR-4668-5p, miR-3613-3p,
miR-3201, miR-548ac, miR-486-5p, miR-548a-3p, miR-8084,
miR-455-3p, miR-6068 and miR-1246). Of these, miR-4668-5p
was indicated to have the highest number of associated
modules, making it most likely to be of diagnostic value. Thus,
the present analysis identified 11 miRNAs associated with
pancreatic cancer and further identified miR-4668-5p as a
potential biomarker for pancreatic cancer diagnosis.

Introduction

An aging population means that cancers continue to grow as an
overall health concern for numerous nations, including China.
Pancreatic cancer is rapidly becoming one of the most common
malignant tumour types in China and patients usually have poor
prognosis (1). The most profound issues surrounding the prog-
nosis of these patients include the lack of any early diagnostic
methods and effective treatments for this condition (2).

This means there is a global focus on improving patient
survival while improving overall quality of life, with the majority
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of studies clearly prioritising diagnosis, therapy and risk strati-
fication as areas of importance. This means that the number of
novel molecular biomarkers associated with pancreatic cancer
continues to increase with the family of biomarkers expanding
to include specific mutations and abnormal gene expression (3).
DNA methylation (4), cell-free DNA (5) and exosomes (6) have
also all been identified as potential research hotspots; however,
despite this growth, there is still only a small number of markers
that may be used in the clinical setting to support pancreatic
cancer management. This means that the current clinical diag-
nosis and treatment continues to rely on imaging and tumour
biomarker assays for identification. However, these examinations
fail to achieve early diagnosis of pancreatic cancer, making the
discovery of novel biomarkers with high sensitivity and speci-
ficity (7) a top priority for the field as a whole. This means that
it is important to explore all novel biomarkers associated with
the occurrence and development of pancreatic cancer. This has
been aided by the continuous development of bioinformatics and
the establishment of several public databases, which enable an
increasing number of researchers to use bioinformatics analysis
to evaluate the molecular genetic data from this disease and
identify potential molecular markers for clinical application.

One example for this is the application of weighted gene
co-expression network analysis (WGCNA) across several
cancer types to identify potential molecular drivers in these
conditions (7). In the present study, the expression profile array
data and WGCNA were combined to identify potential molec-
ular biomarkers for pancreatic cancer in an effort to provide
novel diagnostic targets. Furthermore, the differentially
expressed microRNAs (miRNAs/miRs) in clinical samples
were experimentally verified, allowing for an added layer
of validation, unique from similar gene expression omnibus
(GEO)-based evaluations (7).

Materials and methods

Data retrieval and analysis. The miRNA expression profile
array dataset GSE85589 was downloaded from the GEO data-
base (https://www.ncbi.nlm.nih.gov/gds/) and serum miRNA
expression data were obtained for 88 patients with pancreatic
cancer and 19 healthy controls. Differentially expressed
miRNAs were screened using R software and differential
expression was considered significant when the absolute value
of log,FoldChange and false discovery rate (FDR) reached =1
and <0.05, respectively.
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WGCNA. Serum miRNA expression data from 88 patients
with pancreatic cancer were obtained from GSE85589 and
WGCNA analysis was performed as previously described (8).

cDNA synthesis and quantitative PCR (gPCR). A total of
2 ml serum was obtained from each of the 10 healthy controls
(6 males, 4 females) and 16 patients with pancreatic ductal
adenocarcinoma (PDAC) (8 males, 8 females) undergoing
treatment at the Shanxi Tumor Hospital (Taiyuan, China)
between January 2018 and January 2020. The serum samples
of healthy control subjects without tumors were collected
from the Health Examination Center, Shanxi Tumor Hospital
(Taiyuan, China). Serum samples of patients were collected
from patients newly diagnosed with PDAC and with no history
of other malignancies. The healthy controls and patients with
pancreatic cancer were matched in terms of sex and age.
Total RNA was extracted according to a previous report (9).
RNA was then reverse-transcribed using a First-Strand
cDNA synthesis kit (Agilent Technologies, Inc.) according
to the manufacturer's protocol. This cDNA was then ampli-
fied by qPCR using SYBR® Green PCR master mix (Applied
Biosystems; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The experiment was performed in an
ABI 7500 PCR machine (Applied Biosystems; Thermo Fisher
Scientific, Inc.) and the thermocycling conditions as follows:
95°C for 10 min, and 40 cycles of 95°C for 15 sec and 60°C
for 1 min. U6 was used as an internal control. The relative
miRNA expression levels were then determined by comparing
the fold change between patients with pancreatic cancer and
healthy controls using the 2224 method (10). These experi-
ments were performed in triplicate and the primer sequences
were as follows: miR-4668-5p forward, 5" TCGGCAGGA
GGGAAAAAAAAAA-3" and reverse, 5'-CTCAACTGGTGT
CGTGGA-3'; U6 forward, 5'-CTCGCTTCGGCAGCACAT-3'
and reverse, 5" AACGCTTCACGAATTTGCGT-3'.

Statistical analysis. SPSS software (version 21.0; IBM
Corporation) was used in each of the statistical evalua-
tions and miR-4668-5p expression was compared between
patients with pancreatic cancer and healthy individuals using
an unpaired t-test. Differentially expressed miRNAs were
screened using R software via the ‘impute’ and ‘limma’
packages. P<0.05 was considered to indicate a statistically
significant difference.

Results

Screening identified 11 dysregulated miRNAs in patients with
pancreatic cancer. Serum miRNA expression levels in patients
with pancreatic cancer (n=88) were compared with those of
a healthy control cohort (n=19) in the GEO dataset (Fig. 1A).
The comparisons identified 11 clearly dysregulated miRNAs
in these samples, including miR-155-5p, miR-4668-5p,
miR-3613-3p, miR-3201, miR-548ac, miR-486-5p,
miR-548a-3p, miR-8084, miR-455-3p, miR-6068 and
miR-1246. Of these, miR-4668-5p, miR-3613-3p, miR-3201,
miR-548ac, miR-486-5p, miR-548a-3p, miR-8084, miR-6068
and miR-1246 were upregulated in the serum of patients with
pancreatic cancer, whereas miR-155-5p and miR-455-3p were
downregulated (FDR <0.05; Table I).

miR-4668-5p is associated with a multitude of modules
during WGCNA. The WGCNA package provides R functions
for weighted correlation network analysis, which allowed
the investigation of the co-expression patterns of the various
miRNAs identified in the 88 patient samples. These evalua-
tions identified 11 clusters (modules) of highly correlated
genes, which were highlighted as follows: Dark orange,
salmon, dark magenta, dark grey, light green, dark green,
grey 60, cyan, midnight blue, green yellow and light cyan. A
heat map of these miRNAs was also generated (Fig. 1B-D)
and most of the previously identified miRNAs were grouped
into the dark grey, dark magenta and light green modules
(Table II). The module membership value for each of these
miRNAs was then calculated and they were used to identify
the most significantly linked modules in this data set (P<0.05;
Table II). Of note, these evaluations identified miR-4668-5p
as the transcript with the highest number of associations, with
this transcript linked to various modules including the dark
magenta, dark grey, light green, grey 60 and green yellow
modules. Therefore, it was suggested that miR-4668-5p may
serve as a potential molecular biomarker for pancreatic cancer.

miR-4668-5p is consistently upregulated in serum of patients
with pancreatic cancer. The GEO and WGCNA analysis of
the present study suggested that miR-4668-5p may be a key
marker for pancreatic cancer. And evaluations of GSE85589
revealed a significant upregulation of miR-4668-5p in patients
with pancreatic cancer (n=88) when compared to the healthy
controls (n=19) (P<0.0001; Fig. 2A). Given this, the study went
on to validate the expression levels of miR-4668-5p using
an RT-qPCR assay. The results confirmed that miR-4668-5p
expression was consistently upregulated in the serum of
patients with pancreatic cancer (n=16) when compared with
that of healthy controls (n=10) (P<0.05; Fig. 2B).

Discussion

The present study was designed to identify a subset of
co-expressed miRNAs that may help to differentiate between
pancreatic cancer and healthy tissues when applied in a liquid
biopsy setting. The study relied on the WGCNA-based evalu-
ation of GEO data to identify these differentially expressed
transcripts and facilitate their further evaluation. These analyses
identified 11 differentially expressed miRNAs in patients with
pancreatic cancer and revealed that miR-4668-5p was likely a
central regulator/effector, as it presented with the most associa-
tions and modular links to other miRNAs. This suggests that
miR-4668-5p may be a potential molecular biomarker for
pancreatic cancer. Given this, its upregulation was confirmed in
patients with pancreatic cancer using RT-qPCR, which validated
the initial identification supporting the notion that this transcript
may be a valuable marker for diagnosis of pancreatic cancer.

It has been indicated that patients with incidentally diag-
nosed pancreatic cancer have a better prognosis than those who
are diagnosed upon developing symptoms (11), which explains
the clear benefits of early diagnosis in improving prognosis.
Although there are numerous novel diagnostic methods, liquid
biopsy continues to be a firm favourite, as this method is largely
non-invasive and is designed to be convenient, economical
and minimally traumatic (12). However, liquid biopsy relies on
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Table I. Differentially expressed miRNAs from the gene expression omnibus database.

Average

miRNA [Log,FCI expression t P-value Adjusted P-value
miR-155-5p* 1.08 0.85 8.86 1.55x10* 4.00x10™"
miR-4668-5p° 346 6.48 -8.15 6.05x10 7.80x101°
miR-3613-3p° 3.63 6.58 -8.07 9.27x10 7.96x101°
miR-3201° 2.30 2.59 -7.78 4.14x10°"? 2.67x107°
miR-548ac® 1.10 191 -6.94 2.76x107"° 1.19x107
miR-486-5p° 1.04 6.62 -6.39 4.08x10° 1.17x10°¢
miR-548a-3p® 1.02 2.09 -6.21 9.44x10° 2.18x10°¢
miR-8084° 1.59 2.14 -5.95 3.19x10°® 6.32x10°¢
miR-455-3p* 1.10 4.71 5.31 5.67x107 7.39x10°
miR-6068° 1.00 3.02 -4.78 5.44x10°° 4.38x10*
miR-1246° 1.00 4.86 3.70 3.39x10* 1.07x1072

“Downregulation; Pupregulation. FC, fold change; miRNA/miR, microRNA.

Network heatmap plot, selected genes

Cera o

Volcano

VRN 00RO OO0 e e

E
=
=
=
-
2 =
[= -
=1 =
= =
=
=
V] 2 4 [:] 8 10 12 14
C Log10 (Pvalue) D
3 - <
. ¢
1 g
Cluster dendrogram =] @ @
] = k-]
o |2 é 5 ]
€59 =
[~
gls 4 £ g §
] -8 = & )
o S w k=1 £ 2 2 =
o = d = c ] k=
= @ w = =
o 2 = =254
z B S oW =
- g = 2=
Sc g 2 5
25 w
£c Z = =
4
2 -0.8
a
] 0.6
0.4
|| ) | |

Figure 1. Combined screening of key differentially expressed miRNA in sera from pancreatic cancer and healthy control samples using GEO and weighted
correlation network analysis. (A) Volcano plot for the identification of the differentially expressed miRNAs in pancreatic cancer-related samples from the GEO
database. (B) Heatmap outlining the miRNA expression profile of patients with pancreatic cancer from the GEO database. (C) Gene dendrogram produced
using average linkage hierarchical clustering. (D) Hierarchical clustering dendrogram describing the MEs and heatmap plot of the adjacencies in the eigengene
network (blue, negative correlation; red, positive correlation). GEO, gene expression omnibus; miRNA, microRNA; FC, fold change; ME, module eigengene.
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Table II. Models and MM value of these differentially expressed miRNAs.

Model/miRNAs MM P<0.05
Darkgrey
hsa-miR-4668-5p Darkmagenta Darkgrey Lightgreen Grey60 Greenyellow
hsa-miR-3613-3p Darkmagenta Darkgrey Lightgreen Greenyellow
hsa-miR-6068 Greenyellow grey60 Lightgreen Darkgrey
Darkmagenta
hsa-miR-548ac Darkmagenta Darkgrey Cyan
hsa-miR-3201 Darkmagenta Cyan
hsa-miR-548a-3p Darkmagenta Darkgrey
hsa-miR-8084 Darkmagenta
Lightgreen
hsa-miR-155-5p Lightgreen
miRNA/miR, microRNA; MM, module membership.
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Figure 2. miR-4668-5p was significantly upregulated in the serum of patients with pancreatic cancer. (A) In the gene expression omnibus dataset GSE85589,
miR-4668-5p was upregulated in serum samples from patients with pancreatic cancer when compared to their healthy controls (““P<0.0001). (B) Reverse
transcription-quantitative PCR data confirming the upregulation of miR-4668-5p in patients with pancreatic cancer (‘P=0.0360). HC, healthy control,

PC, pancreatic cancer; FC, fold change.

the identification of disease-specific biomarkers. To date, no
clinically useful biomarkers have been reported for pancreatic
cancer. Given this, in the present study the non-coding RNA
profile array for patients with pancreatic cancer was downloaded
from the GEO database and a weighted screening of the various
differentially expressed miRNAs was performed in this dataset.
The present evaluation identified 11 differentially expressed
miRNAs in these samples, which were then further narrowed
down to the key transcripts using WGCNA. Of note, the present
evaluations included the construction of a co-expression network
and modules, designed to increase the current understanding of
the host-pathogen relationship. WGCNA has gradually been used
to construct various co-expression networks (13), particularly for
miRNAs. One example of this is the identification of several hub
miRNAs associated with prognosis in colorectal cancer (14,15).
Here, WGCNA was used to construct various modules and
co-expression networks with the aim of identifying particularly
well-connected transcripts, as a proxy for their importance in
this pathology. These evaluations reduced the target miRNAs

from 11 to just one transcript miR-4668-5p. This suggests that
this transcript is likely key to this pathology and thus is a solid
target for liquid biopsy development in the future.

Dysregulated miR-4668-5p expression has been observed
in the peripheral blood and tissues of numerous diseases,
including hepatocellular carcinoma, where it is indicated that
this miRNA may have a role in cancer progression, vascular
invasion and immune surveillance, as well as the potential
coordination of other upregulated miRNAs (16). miR-4668-5p
has also been observed to be dysregulated in gastric cancer (17)
and dedifferentiated liposarcoma tissues (18) when compared
to healthy controls. Although abnormal miR-4668-5p expres-
sion has been observed in several malignant tumour types, the
molecular mechanism involved in the occurrence and progres-
sion of these tumours remains elusive. Relevant research is
currently limited and more work is required in the future.
From a clinical perspective, the relationship between miRNA
expression, clinical stage and survival time of patients with
pancreatic cancer will be investigated in a future study. A
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study of the effects of miRNA overexpression on the biolog-
ical behaviour of malignant tumour cells in vivo and in vitro
may also be performed with the aim to uncover the target
genes and regulatory pathways impacted by this transcript
with a focus on understanding its role in tumour progression.
It is also worth noting that miR-4668-5p is also dysregu-
lated in various diseases of the nervous system, including
Alzheimer's disease (10) and mesial temporal lobe epilepsy
with hippocampal sclerosis (19). However, studies evaluating
miR-4668-5p expression in pancreatic cancer remain limited.

Despite its clear contribution, it is important to note that
the present study does have certain limitations, including the
fact that it is better to combine miRNA expression and clinical
data, such as those on overall survival, clinical stage, etc.,
when evaluating the diagnostic/prognostic value. In addition,
the potential mechanism underlying miR-4668-5p-mediated
regulation of its target genes and their functions remain unde-
fined and should be prioritised moving forward. Finally, these
observations require to be confirmed in larger disease cohorts
to determine the diagnostic capacity.

In conclusion, the present study was the first to indicate
that miR-4668-5p is a differentially expressed miRNA consis-
tently upregulated in the serum of patients with pancreatic
cancer and the first to suggest that this transcript may be a
potential diagnostic marker for pancreatic cancer. The present
data may help facilitate the development of novel diagnostics
for this condition in the future.
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