
Abstract. – OBJECTIVE: Pancreatic cancer is
one of the most lethal diseases, and the patho-
genesis remains largely unknown. To this end,
we performed an integrated analysis of miRNA
and mRNA expression data to explore the dereg-
ulation of miRNA and mRNA and regulatory
processes underlying pancreatic cancer.

MATERIALS AND METHODS: We combined
mRNA and miRNA expression data with miRNA
target predictions to infer new miRNA regulation
activities in pancreatic cancer. We first integrat-
ed miRNA and mRNA expression profiling sepa-
rately to identify differently expressed miRNA
and mRNA in pancreatic cancer. Then we adopt-
ed miRWalk databases prediction to obtain po-
tential target genes of differently expressed miR-
NA, and compared these target genes to the
gene list of integrated mRNA expression profil-
ing to select differentially expressed miRNA-tar-
get gene whose expression was reversely corre-
lated with that of corresponding miRNAs. Gene
Ontology (GO) classification analyses and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway analysis were employed to understand
the functions and pathways of miRNA target
genes. Finally we construct a miRNA-target gene
regulatory network.

RESULTS: 42 differentially expressed miRNAs,
1376 differentially expressed mRNAs were iden-
tified by combining three expression profiles of
miRNA and mRNA separately in pancreatic can-
cer, 146 miRNA target genes were found in the
gene list of integrated mRNA expression profil-
ing based on bioinformatics prediction. Func-
tional annotation was performed to understand
the functions and pathways of miRNA target
genes. Finally, we constructed a miRNA-target
gene regulatory network including 206 miRNA-
target gene pairs. Five miRNAs (hsa-miR-130b,
hsa-miR-106b, hsa-miR-181c, hsa-miR-153 and
hsa-miR-125a-5p) demonstrated the highest con-
nectivities, whereas three miRNAs (MYC, E2F1
and IL6) were the mRNAs with the highest con-
nectivities.
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Introduction

Pancreatic cancer remains one of the most ag-
gressive malignancies characterized by an ex-
tremely low 5-year survival rate1,2. Due to its ag-
gressive nature, most of patients are diagnosed in
advanced stages, which limits the potential for
therapeutic intervention by the time of diagnosis
and leads to a poor prognosis3. In view of cur-
rently few therapeutic options for patients with
pancreatic cancer, and it is urgently needed to
discover new insights into the pathogenesis of
this lethal disease.

MiRNAs are small (~22 nucleotides) non-cod-
ing RNAs with gene regulatory functions by
binding to the 3’-untranslated region (3’-UTR) of
their target mRNA resulting in either translation-
al repression or mRNA degradation4. It has been
reported that miRNAs have distinct expression
profiles in various human diseases, particularly
cancers5,6. miRNAs may be involved in various
human cancers as cancer suppressors or onco-
genes.

Advances in molecular biology have increased
the understanding of the pathophysiology of pan-
creatic cancer. Various genome-wide mRNA and
miRNA expression profiling studies using mi-
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gene nomenclature and different clinical simple,
makes it difficult to compare the microarray
datasets directly. Consequently, we preprocessed
the raw microarray data of each study by Quan-
tile normalization and log2 transformation to ob-
tain intensity values. The MATrix LABoratory
(MATLAB) software was used to identify the
differently expressed probe sets in the tumor tis-
sues compared to the normal tissues by two-
tailed Student’s t-test, then P-value and effect
size of individual microarray study were calculat-
ed. Fisher’s method was used to combine p-value
from multiple studies, and the random effects
model was used to combine effect size from mul-
tiple studies. We selected differently expressed
mRNA with criterion of p-value < 0.01 and effect
size > 1.5, while for differently expressed miR-
NA with criterion of p-value < 0.05 and effect
size > 1.0.

Identification of Differently Expressed
miRNA Target Genes

As miRNAs play their role by regulating the ex-
pression of target proteins, precise miRNA target
prediction is important for the research of miRNA
function. We predicted putative targets of differen-
tially expressed miRNAs by six bioinformatic al-
gorithms (DIANAmT, miRanda, miRDB, miR-
Walk, PICTAR and Targetscan), and furthermore
searched miRNA target genes with experiment
validation by using miRWalk databases
(http://www.umm.uni-heidelberg.de/apps/zmf/mir-
walk/)17, and the targets recorded by ≥ 4 algorithms
or validated by experiments were selected to com-
pare with the gene list of integrated mRNA expres-
sion profiling. As miRNAs tend to down-regulate
the expression of their target genes, we selected
differentially expressed target genes whose expres-
sion was reversely correlated with that of corre-
sponding miRNAs, to subject to further investiga-
tion18-22.

Functional Annotation
To gain insights into the biological functions

of these miRNA target genes, we performed the
Gene Ontology (GO) classification. To detect the
potential pathway of miRNA target genes, we al-
so performed the Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment
analysis. KEGG pathway database is a recog-
nized and comprehensive database including all
kinds of biochemistry pathways23. The online
based software GENECODIS was utilized in
those functional annotation24.

croarray-based approaches have provided impor-
tant insights into the phenotypic characteristics
of pancreatic cancer7-10. Amounts of genes have
been identified to be associated with pancreatic
cancer such as the K-ras, p53, p16, and Smad4
genes, leading to the behavior of this aggressive
malignancy11.

Many miRNAs have been reported to alter
pancreatic cancer proliferation and/or migration
in vitro and in vivo. The expression of miR-132
in cell lines derived from PDAC promoted cell
proliferation and inhibited colony formation12.
miR-96 regulated pancreatic cancer cell prolif-
eration, invasion, apoptosis to play a role in tu-
mor growth by targeting KRAS13. miR-198
was implicated in tumor growth, metastasis and
survival through direct targeting MSLN, PBX-1,
and VCP as a central tumor suppressor in pan-
creatic cancer14. miR-197 was reported recently
to function in the epithelial-mesenchymal tran-
sition in pancreatic cancer cells by targeting
p120 catenin15.

In this study, we integrated multiple expres-
sion profiles of mRNAs and miRNAs to con-
struct a novel miRNA-mRNA regulatory network
in pancreatic cancer. Our data may provide an
important contribution to future investigations
aimed at elucidating the mechanisms of pancreat-
ic cancer.

Materials and Methods

Gene Expression Profiles
We searched the Gene Expression Omnibus

database (GEO, http://www.ncbi.nlm.nih.gov/geo)
for mRNA and miRNA expression profiling stud-
ies in pancreatic cancer. GEO served as a public
repository for gene expression datasets, initiated
by the growing demand for a public repository for
high-throughput gene expression data16. We only
retained the microarray studies between tumor and
normal tissues, and miRNA and mRNA expres-
sion profilings were both performed in one study
to minimize the heterogeneity of our analysis. The
following information was extracted from each
identified study: GEO accession number, platform,
number of cases and controls, country, time and
author.

Differential Expression of
miRNA and mRNA

The heterogeneity among different microarray
datasets caused by different platforms, different
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Samples
GEO ID Platform (case: control) Country Time Author

GSE43797 GPL10558 Illumina HumanHT-12 V4.0 26:5 Korea 2014 Park M
expression beadchip
GPL15159 Agilent-031181
Unrestricted_Human_miRNA_V16.0_Microarray
030840 (Probe Name version)

GSE41372 GPL6244 [HuGene-1_0-st] Affymetrix 9:9 Italy 2014 Frampton
Human Gene 1.0 ST Array [transcript (gene) AE
version]
GPL16142 NanoString nCounter Human
miRNA assay (v1)

GSE32688 GPL570 [HG-U133_Plus_2] Affymetrix Human 25:7 USA 2012 Donahue
Genome U133 Plus 2.0 Array TR
GPL7723 miRCURY LNA microRNA Array,
v.11.0 - hsa, mmu & rno

Table I. Characteristics of mRNA and miRNA expression profiling of the pancreatic cancers.

Constructing Regulatory Network
Between miRNAs and Their Targets

The posttranscriptional regulatory network is
defined as a directed and bipartite graph in which
expressions of miRNA-target gene interacting
pairs are reversely correlated. Based on the iden-
tified miRNA-target gene interacting pairs, we
conducted a regulatory network between miR-
NAs and genes in pancreatic cancer and visual-
ized with Cytoscape25.

Results

Differentially Expressed miRNAs and
mRNAs in the Pancreatic Cancer

In this work, we collected a total of 3 expres-
sion profiling studies according to the inclusion
criteria, and it contained 60 samples of pancreat-
ic cancer and 21 samples of normal control, re-
spectively (Table I). After normalization of the
original miRNA and mRNA expression data, we
performed differentially expressed analysis be-
tween pancreatic cancer and normal control sam-
ples using MATLAB. Finally, 42 miRNAs were
regarded as significantly differentially expressed
under the threshold of p-value < 0.05 and effect
size > 1.0, with 24 up-regulated and 18 down-
regulated miRNAs (Table II). The up-regulated
miRNA with the lowest p-value was hsa-miR-
106b, which was found to be implicated in sever-
al types of cancers such as gastric cancer26,
breast cancer27, endometrial cancer28 by targeting
PTEN, TWIST1, but hasn’t been identified in
pancreatic cancer yet. The down-regulated gene

with the lowest p-value was hsa-miR-216a,
which was detected at lower concentrations in fe-
ces of pancreatic cancer patients when compared
to controls29.

A total of 1376 genes were identified to be dif-
ferentially expressed in pancreatic cancer under
the threshold of p-value < 0.01 and effect size >
1.5, including 671 up-regulated and 705 down-
regulated genes. The full list of these genes was
provided as Supplementary Table I.

Identification of Differently Expressed
miRNA Target Genes

We combined mRNA and miRNA expression
data with miRNA target predictions to obtain
genuine miRNA targets. As a result, 24 miRNAs
and 146 genes formed 206 miRNA-target gene
pairs with an inverse correlation of expression.
154 miRNA-target gene pairs were identified for
the up-regulated miRNA, of which 70 miRNA-
target gene pairs were validated by experiments.
52 miRNA-target gene pairs were identified for
the down-regulated miRNA with 11 validated
miRNA-target gene pairs (Table III). The target
prediction of 18 miRNAs isn’t available in miR-
Walk databases.

GO Classification and KEGG Pathways of
miRNA Target Genes

To gain insights into the biological roles of dif-
ferently expressed miRNA target genes, we per-
formed the GO classification enrichment analysis.
Genes that showed a nominal significance level of
p < 0.01 were selected and were tested against the
background set of all genes with GO annotations.
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We found that negative regulation of transcription
from RNA polymerase II promoter (GO: 0000122,
p = 7.19E-07) and signal transduction (GO:
0007165, p = 5.14E-06) were significantly en-
riched for biological processes. While for molecu-
lar functions were protein binding (GO: 0005515,
p = 2.84E-14) and metal ion binding (GO:
0046872, p = 5.90E-11), and for cellular compo-
nent were cytoplasm (GO: 0005737, p = 5.15E-
22) and plasma membrane (GO: 0005886, p =
5.34E-18) (Table IV, Figure 1A).

We also performed the KEGG pathway enrich-
ment analysis for differently expressed miRNA
target genes. Hypergeometric test with p value <
0.05 were used as the criteria for pathway detec-
tion. The most significant pathway in our analy-
sis was pathways in cancer (p = 4.92E-06). Fur-
thermore, focal adhesion (p = 1.82e-04) and
melanogenesis (p = 5.19E-04) are also highly en-
riched (Table V, Figure 1B).

The Regulatory Network of miRNAs and
Target Genes

The miRNA-target genes regulatory network
was constructed with the miRNA-target gene
pairs by Cytoscape software. Using the 206 miR-
NA-target gene pairs, a miRNA-target gene regu-
latory network was constructed (Figure 2). In this
network, hsa-miR-130b, hsa-miR-106b, hsa-
miR-181c, hsa-miR-153 and hsa-miR-125a-5p,
which regulate 39, 24, 23, 13, and 12 targets, re-
spectively, demonstrated the highest connectivi-
ties, whereas MYC, E2F1, IL6, BBC3 and
RRBP1, which were regulated by 9, 7, 5, 5 and 4
miRNAs, respectively, were the mRNAs with the
highest connectivities.

Discussion

In this study, we combined mRNA and miR-
NA transcriptomes of pancreatic cancer with
miRNA target predictions to detect not only the
expression dynamics of mRNA and miRNA, but
also the interplay of genes and miRNAs during
the tumorigenic processes. In total, 42 miRNAs
were found to be differentially expressed in the
pancreatic cancer by utilizing the acquired data
sets. Importantly, most of these miRNAs identi-
fied in our work have been reported previously to
be involved in the development of pancreatic
cancer and other cancers. miR-210 are implicated
in regulating the hypoxic response of tumor cells
and tumor growth by targeting E2F3, EFNA3,
GIT2, MNT, ZNF462 and EGR3 in pancreatic
cancer30,31. miR-183 was recently reported to be
dysregulated, and regulate cell proliferation by
downregulation of Bmi-1 expression in pancreat-
ic cancer32. miR-197 was identified to be up-reg-
ulated in pancreatic cancer cells to induce the
EMT process by targeting p120 catenin15. miR-
491-5p displayed a significantly low level of ex-
pression in pancreatic cancer cell and mediated
cell apoptosis by targeting both Bcl-xL and
TP5333.
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Effect
MiRNAs p value size

Up-regulated miRNAs
hsa-miR-106b 0.0013968 -1.3456
hsa-miR-498 0.002329 -1.099
hsa-miR-210 0.0025023 -1.4964
hsa-miR-135b 0.0041736 -1.4552
hsa-miR-331-3p 0.0041877 -1.3291
hsa-miR-183 0.0052555 -1.097
hsa-miR-425 0.0059097 -1.4193
hsa-miR-125a-5p 0.0074092 -1.2296
hsa-miR-99b 0.0080654 -1.1336
hsa-miR-135a 0.0087537 -1.0829
hsa-miR-24 0.010172 -1.1558
hsa-miR-93 0.010462 -1.1824
hsa-miR-484 0.013076 -1.2186
hsa-miR-23a 0.014026 -1.1386
hsa-miR-491-5p 0.014287 -1.0703
hsa-miR-128 0.015878 -1.0149
hsa-miR-149 0.017938 -1.1139
hsa-miR-345 0.018929 -1.0863
hsa-miR-181c 0.022311 -1.1816
hsa-miR-320a 0.024712 -1.0042
hsa-miR-153 0.0272 -1.0247
hsa-miR-501-3p 0.0274 -1.123
hsa-miR-197 0.028031 -1.103
hsa-miR-222 0.043387 -1.0561
Down-regulated miRNAs
hsa-miR-216a 4.81E-06 2.1013
hsa-miR-217 1.00E-05 1.8926
hsa-miR-564 0.001543 1.4442
hsa-miR-130b 0.0027725 1.2476
hsa-miR-299-3p 0.0034827 1.0907
hsa-miR-1179 0.0039804 1.1227
hsa-miR-944 0.0069999 1.2026
hsa-miR-381 0.009707 1.0589
hsa-miR-553 0.011603 1.0607
hsa-miR-1275 0.012952 1.1411
hsa-miR-551a 0.014108 1.113
hsa-miR-548l 0.016856 1.0308
hsa-miR-125a-3p 0.016867 1.0684
hsa-miR-557 0.018052 1.0404
hsa-miR-513a-5p 0.019829 1.0459
hsa-miR-1262 0.022754 1.099
hsa-miR-1302 0.027825 1.0485
hsa-miR-520a-5p 0.042534 1.0713

Table II. List of differentially expressed miRNAs.



miRNAs perform their regulatory function by
degrading or inhibiting the translation of its tar-
get genes. Consequently it is of vital importance
to identify miRNA target genes to understand the
biological functions of miRNAs. In this study we
integrated mRNA and miRNA expression data
with miRNA target predictions by the miRWalk
database to discover novel regulatory relation be-
tween miRNAs and mRNAs. As a result, 24
miRNAs and 146 genes formed 206 miRNA-tar-
get gene pairs with an inverse correlation of ex-
pression. The target prediction of 18 miRNAs is-
n’t available in miRWalk databases.

Functional annotation of the 146 miRNA tar-
get genes was performed to estimate the bio-
logical roles of differentially expressed miR-
NAs in pancreatic cancer. We found that the en-
riched GO term of the target genes for biologi-
cal processes was negative regulation of apop-
totic process, positive regulation of transcrip-
tion, DNA-dependent and positive regulation of
cell proliferation, which are totally according
to the biologic behavior of cancer cell. KEGG
pathway enrichment analysis showed that Path-
ways in cancer was statistically enriched con-
taining many genes including E2F3, E2F1,
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Regulation Count
miRNA (miRNAs) of targets Target mRNAs

hsa-miR-106b Up 24 ACADSB, BBC3, E2F1, FAM129A, FAM46C, IL6, INTS6,
LMO3, MKNK2, MUM1L1, MYC, NR4A2, NR4A3,
ORMDL3, OSR1, PCAF, PEX5L, PKHD1, PPP6C, RNF125,
SERP1, TRIP11, TRPV6, VLDLR

hsa-miR-125a-5p Up 12 E2F1, ENPP1, EPO, IL22RA1, LIFR, MYC, PCAF, PPIF,
RRBP1, SSTR3, SYVN1, UBE2R2

hsa-miR-128 Up 1 PDCD4
hsa-miR-135a Up 10 ADARB2, DLK1, MED13, MGAT4A, PDE8B, PELI2,

PRDM16, RRBP1, TMEM97, VLDLR,
hsa-miR-135b Up 6 ADARB2, MGAT4A, PDE8B, PELI2, TMEM97, VLDLR
hsa-miR-149 Up 8 E2F1, EPHB3, MYC, PCAF, PSAT1, SAV1, SLC4A4, SUSD5
hsa-miR-153 Up 13 CCDC110, ERO1LB, GATM, GDF10, ITSN2,

MTMR12, PCMTD1, PRDM16, RPL22, RYR2, SGK3,
SLC4A4, TXNDC11

hsa-miR-181c Up 23 AKAP7, ENPP1, F11, FUT9, GATM, HCN1, ID4, IL6,
LMAN1, LMO3, MTMR12, MYC, NR4A3, NSUN7,
PKNOX2, SEL1L, SGK3, SLC19A2, SLC25A25,
SYT15, TBC1D4, TIFA, TMEM181

hsa-miR-183 Up 11 ABCA8, AMD1, EML4, GFI1, MON2, MSH6, PDCD4,
PRPH2, RET, SEL1L, SLC1A2

hsa-miR-197 Up 2 IL6, MYC
hsa-miR-210 Up 6 CTRL, CXCL12, MYC, OSR1, P4HB, PSAT1
hsa-miR-222 Up 10 BBC3, BMX, DPT, EGF, FOXO3, MYC, PDCD4,

PSAT1, RET, RRBP1
hsa-miR-23a Up 5 CXCL12, DLL1, E2F1, FOXO3, MYC
hsa-miR-24 Up 3 FAF1, FOXO3, MYC
hsa-miR-320a Up 3 AQP1, BBC3, E2F1
hsa-miR-331-3p Up 2 BBC3, E2F1
hsa-miR-491-5p Up 4 CCKBR, FGFR1, MAPK9, NIT1
hsa-miR-498 Up 1 FAF1
hsa-miR-93 Up 7 BBC3, E2F1, FGFR1, IL6, MAPK9, NIT1, PCAF
hsa-miR-99b Up 3 IL6, PSAT1, RRBP1
hsa-miR-125a-3p Down 10 C12orf5, CXCR4, E2F3, EFR3A, GPRC5A, KPNA2, MAL2,

RB1, THUMPD3, TSC22D1
hsa-miR-130b Down 39 ACVR1, ARFIP1, ARHGAP1, ATP6V0E1, B4GALT5, BMPR2,

BTBD10, CALM2, CBFB, CNOT6, CXCR4, DCP2, EFNB2,
ERBB2IP, GMFB, HOXB3, ITGB1, KIAA1217, KLHL20,
LRP8, MASTL, MAT2B, MYO1D, NME7, PGM2L1, RALBP1,
RASA1, RNF145, RPGRIP1L, RUNX2, SGCB, SNAPIN,
SNX27, SOX4, SPOCK1, TMEM55A, TRPS1, UBA3, YWHAB

hsa-miR-216a Down 1 ELOVL6
hsa-miR-299-3p Down 2 ITGA2, ITGA3

Table III. The 146 miRNA target genes anticorrelated with the expressions of 24 differentially expression miRNAs.
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RALBP1, MAPK9, EGF and RB1, some of
which are also implicated in pancreatic cancer.
These genes functioned as oncogenes and tu-
mor suppressor genes or were involved in the
regulation of oncogenes and tumor suppressor

genes to trigger the tumorigenesis of pancreatic
cancer.

In addition a miRNA-target gene regulatory
network was constructed with miRNA-target
gene pairs. In this network, hsa-miR-130b

J. Yang, Y. Zeng

GO ID GO Term Count % FDR

Biological process
GO:0043066 Negative regulation of apoptotic process 11 7.53E-02 1.28E-05
GO:0045893 Positive regulation of transcription, DNA-dependent 14 9.59E-02 1.42E-05
GO:0008284 Positive regulation of cell proliferation 12 8.22E-02 1.69E-05
GO:0007165 Signal transduction 19 1.30E-01 1.59E-04
GO:0045669 Positive regulation of osteoblast differentiation 5 3.42E-02 1.82E-04
GO:0042551 Neuron maturation 3 2.05E-02 6.44E-04
GO:0033554 Cellular response to stress 3 2.05E-02 8.26E-04
GO:0051726 Regulation of cell cycle 5 3.42E-02 9.50E-04
GO:0045892 Negative regulation of transcription, DNA-dependent 10 6.85E-02 9.64E-04
GO:0000085 G2 phase of mitotic cell cycle 3 2.05E-02 1.03E-03
GO:0071456 Cellular response to hypoxia 4 2.74E-02 1.24E-03
GO:0045727 Positive regulation of translation 4 2.74E-02 1.26E-03
GO:0071930 Negative regulation of transcription involved 2 1.37E-02 1.28E-03

in G1/S phase of mitotic cell cycle
GO:0072239 Metanephric glomerulus vasculature development 2 1.37E-02 1.28E-03
GO:0007155 Cell adhesion 11 7.53E-02 1.77E-03
Cellular component
GO:0005737 Cytoplasm 54 3.70E-01 3.07E-08
GO:0016020 Membrane 45 3.08E-01 7.27E-08
GO:0016021 Integral to membrane 43 2.95E-01 5.29E-06
GO:0005829 Cytosol 27 1.85E-01 1.57E-05
GO:0005634 Nucleus 47 3.22E-01 2.16E-05
GO:0005886 Plasma membrane 36 2.47E-01 2.43E-05
GO:0005615 Extracellular space 13 8.90E-02 6.97E-04
GO:0005887 Integral to plasma membrane 15 1.03E-01 7.46E-04
GO:0009986 Cell surface 8 5.48E-02 8.06E-04
GO:0035189 Rb-E2F complex 2 1.37E-02 1.78E-03
GO:0009925 Basal plasma membrane 3 2.05E-02 2.45E-03
GO:0008305 Integrin complex 3 2.05E-02 3.53E-03
GO:0030056 Hemidesmosome 2 1.37E-02 6.32E-03
GO:0017053 Transcriptional repressor complex 3 2.05E-02 7.90E-03
GO:0030673 Axolemma 2 1.37E-02 1.07E-02
Molecular function
GO:0005515 Protein binding 65 4.45E-01 2.70E-18
GO:0004872 Receptor activity 21 1.44E-01 4.99E-04
GO:0001047 Core promoter binding 3 2.05E-02 2.02E-03
GO:0003700 Sequence-specific DNA binding transcription factor activity 14 9.59E-02 2.47E-03

factor activity
GO:0001948 Glycoprotein binding 4 2.74E-02 2.60E-03
GO:0005524 ATP binding 18 1.23E-01 3.45E-03
GO:0030229 Very-low-density lipoprotein particle receptor activity 2 1.37E-02 4.07E-03
GO:0034187 Apolipoprotein E binding 2 1.37E-02 4.07E-03
GO:0034237 Protein kinase A regulatory subunit binding 2 1.37E-02 1.26E-02
GO:0019904 Protein domain specific binding 5 3.42E-02 1.57E-02
GO:0005509 Calcium ion binding 10 6.85E-02 1.59E-02
GO:0008083 Growth factor activity 5 3.42E-02 1.61E-02
GO:0048306 Calcium-dependent protein binding 3 2.05E-02 1.61E-02
GO:0004675 Transmembrane receptor protein serine/ 2 1.37E-02 2.09E-02

threonine kinase activity
GO:0046872 Metal ion binding 24 1.64E-01 2.33E-02

Table IV. GO functional annotation of differentially expression miRNA target genes (Top 15).



demonstrated to be the miRNA with the highest
connectivities, whereas MYC was the mRNA
with the highest connectivities suggesting that
hsa-miR-130b and MYC may play important
roles in the tumorigenesis of pancreatic cancer.
To data, miR-130b is significantly deregulated
in various human tumor types such as gastric
cancer34, glioma35, renal cell cancer36 and en-
dometrial cancer37. Recently, a study38 found
that miR-130b was significantly down-regulated
in 52 pairs of pancreatic cancer tissues and five
cell lines, and miR-130b inhibited cell prolifera-
tion and invasion in pancreatic cancer by target-
ing STAT3. MYC regulated by 9 miRNAs, is
critical not only for the proliferation and devel-
opment of normal pancreas but also for pancre-

atic cancer, was verified by experimental data in
human and animals to be a key oncogene in
pancreatic cancer39-42.

Conclusions

In summary, we identified 42 differentially ex-
pressed miRNAs, 1376 differentially expressed
mRNAs, and 146 miRNA target genes whose ex-
pression was reversely correlated with that of
corresponding miRNAs in pancreatic cancer, and
constructed a regulatory network including 206
miRNA-target gene pairs. We also found that five
miRNAs (hsa-miR-130b, hsa-miR-106b, hsa-
miR-181c, hsa-miR-153 and hsa-miR-125a-5p)
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Figure 1. The significantly enriched functional annotation of differentially expressed miRNA target genes. A, The top 10 en-
riched GO categories for biological process. B, The top 10 enriched KEGG pathway.
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KEGG ID KEGG term Count FDR Genes

hsa05200 Pathways in cancer 14 1.55E-08 IL6, E2F3, ITGA3, E2F1, ITGA2, MSH6, RALBP1,
MAPK9, FGFR1, EGF, MYC, ITGB1, RET, RB1

hsa05222 Small cell lung cancer 7 4.30E-06 E2F3, ITGA3, E2F1, ITGA2, MYC, ITGB1, RB1
hsa05212 Pancreatic cancer 6 2.13E-05 E2F3, E2F1, RALBP1, MAPK9, EGF, RB1
hsa05219 Bladder cancer 5 2.77E-05 E2F3, E2F1, EGF, MYC, RB1
hsa05410 Hypertrophic 6 3.27E-05 IL6, RYR2, ITGA3, ITGA2, SGCB, ITGB1

cardiomyopathy (HCM)
hsa04060 Cytokine-cytokine 9 3.48E-05 IL6, CXCR4, EPO, LIFR, BMPR2, ACVR1,

receptor interaction EGF, CXCL12, IL22RA1
hsa05223 Non-small cell lung cancer 5 5.15E-05 E2F3, E2F1, EGF, RB1, FOXO3
hsa04141 Protein processing in 7 8.11E-05 P4HB, ERO1LB, MAPK9, SYVN1,

endoplasmic reticulum RRBP1, SEL1L, LMAN1
hsa05218 Melanoma 5 0.0001593 E2F3, E2F1, FGFR1, EGF, RB1
hsa05412 Arrhythmogenic right 5 0.0001761 RYR2, ITGA3, ITGA2, SGCB, ITGB1

ventricular cardiomyopathy
(ARVC)

hsa04360 Axon guidance 6 0.0001962 CXCR4, ITGB1, EPHB3, RASA1, CXCL12,
EFNB2

hsa05414 Dilated cardiomyopathy 5 0.0003544 RYR2, ITGA3, ITGA2, SGCB, ITGB1
hsa05215 Prostate cancer 5 0.0003636 E2F3, E2F1, FGFR1, EGF, RB1
hsa05214 Glioma 4 0.0012477 E2F3, E2F1, EGF, RB1
hsa04110 Cell cycle 5 0.0014235 E2F3, E2F1, MYC, YWHAB, RB1

Table V. KEGG pathway enrichment analysis of differentially expression miRNA target genes (Top 15).

Figure 2. The regulatory network between miRNAs and target genes in pancreatic cancer. The diamonds and ellipses repre-
sent the miRNAs and genes, respectively. The red and green colors represent the relatively high and low expression, respective-
ly. The larger geometric drawing indicates the more miRNAs or genes interacted with it.



demonstrated the highest connectivities, whereas
five miRNAs (MYC, E2F1, IL6, BBC3 and
RRBP1) were the mRNAs with the highest con-
nectivities. More especially, hsa-miR-130b and
MYC was highly correlated with tumorigenesis
of pancreatic cancer. Our data add some new in-
sights into the molecular mechanism of tumori-
genesis of pancreatic cancer, and may be helpful
for the successful identification of therapeutic
targets for pancreatic cancer and the development
of effective targeted therapies.
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