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Abstract
Although many genes and miRNAs have been reported for various cancers, pancre-
atic cancer’s specific genes or miRNAs have not been studied precisely yet. There-
fore, we have analyzed the gene and miRNA expression profile of pancreatic can-
cer data in the gene expression omnibus (GEO) database. The microarray-derived 
miRNAs and mRNAs were annotated by gene ontology (GO) and signaling path-
way analysis. We also recognized mRNAs that were targeted by miRNA through 
the mirDIP database. An integrated analysis of the microarray revealed that only 
6 out of 43 common miRNAs had significant differences in their expression pro-
files between the tumor and normal groups (P value < 0.05 and |log Fold Changes 
(logFC)|> 1). The hsa-miR-210 had upregulation, whereas hsa-miR-375, hsa-miR-
216a, hsa-miR-217, hsa-miR-216b and hsa-miR-634 had downregulation in pan-
creatic cancer (PC). The analysis results also revealed 109 common mRNAs by 
microarray and mirDIP 4.1 databases. Pathway analysis showed that amoebiasis, 
axon guidance, PI3K-Akt signaling pathway, absorption and focal adhesion, adher-
ens junction, platelet activation, protein digestion, human papillomavirus infection, 
extracellular matrix (ECM) receptor interaction, and riboflavin metabolism played 
important roles in pancreatic cancer. GO analysis revealed the significant enrich-
ment in the three terms of biological process, cellular component, and molecular 
function, which were identified as the most important processes associated strongly 
with pancreatic cancer. In conclusion, DTL, CDH11, COL5A1, ITGA2, KIF14, 
SMC4, VCAN, hsa-mir-210, hsa-mir-217, hsa-mir-216a, hsa-mir-216b, hsa-mir-375 
and hsa-mir-634 can be reported as the novel diagnostic or even therapeutic mark-
ers for the future studies. Also, the hsa-mir-107 and hsa-mir-125a-5p with COL5A1, 
CDH11 and TGFBR1 genes can be introduced as major miRNA and genes on the 
miRNA-drug-mRNA network. The new regulatory network created in our study 
could give a deeper knowledge of the pancreatic cancer.
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Introduction

Pancreatic cancer (PC) is the 8th leading cause of death from cancer worldwide 
and the 4th most common cancer in the USA, with a mortality rate of about 30,000 
deaths each year (Vincent et  al. 2011; Pourshams et  al. 2018; Han et  al. 2015). 
Unfortunately, no definitive therapy has been found, and most of the patients die 
because of this disease (Pourshams et al. 2018). Modern tumor diagnosis and ther-
apy is now looked at the molecular level ranging of the biomarkers (AbdelGhafar 
et al. 2019; El-Guindy et al. 2019; Tobin et al. 2015, Habib et al. 2020). To the best 
of our knowledge K-ras gene with over 85% of prevalence is one of the genes most 
involved in pancreatic cancers (Li et al. 2004; Uehara et al. 1999, Rungjarernarre-
jitt et  al. 2018). P16, a tumor suppressor gene, as well as p53, are deactivated in 
about 95% of pancreatic cancers (Schutte et al. 1997). Imaging and marker analy-
ses don’t really discriminate between pancreatic adenocarcinoma and non-neoplastic 
pancreatic diseases in patients which pancreatic cancer is suspected. For these pur-
poses, to promote early screening and identification, much work has been made to 
recognize reliable markers of pancreatic cancer (Goggins 2007). While some con-
ventional markers such as cancer antigen (CA) 15-3 and carcinoembryonic antigen 
(CEA) are used for early screening and diagnosis of pancreatic cancer, its sensitiv-
ity and specificity are low (Ghafar et al. 2020). Other genes include HER2, MYB, 
AKT2, BRCA2, FHIT, CDKN2A, PALB2, STK11, and PRSS1, which are associated 
with the activation or inactivation of proto-oncogenes and other related genes, such 
as tumor suppressor genes. Although the new diagnosis and therapeutic approaches 
have grown over recent years (Rezaie et al. 2020a; Baudino 2015); the underlying 
causes of this cancer have not yet been fully identified (Han et  al. 2015; Li et  al. 
2004; Hidalgo 2010). The microRNAs (miRNAs) are essential regulators of gene 
expression in cancer cells. The miRNAs are short, non-coding, and single-stranded 
RNA molecules (17–25-nucleotide), that can control gene expression, by joining to 
3-untranslated region (3-UTR) genes or mRNA degradation (Andorfer et al. 2011; 
Schetter et al. 2008). The microRNAs participate in the regulation of cellular path-
ways such as apoptosis, differentiation, proliferation, metastasis, and senescence 
(Wang et al. 2015; Khafaei et al. 2019). Thus, they can be applied as potential thera-
peutic or diagnostic biomarkers in cancer (Andorfer et al. 2011; Schetter et al. 2008; 
Mendell and Olson 2012; Shah et al. 2016). They have been extremely involved in 
the pathogenesis of human cancer and some investigations showed that the miRNAs 
specifically act in various cancers. For example in breast cancer, miR-200 showed 
upregulation as an oncogene (Korpal et  al. 2011), while in the lung, kidney, and 
ovarian cancers downregulation of miR-200 significantly correlated with decreased 
angiogenesis and poor survival (Pecot et  al. 2013). In pancreatic cancer the hsa-
miR-217, hsa-miR-96, miR-216a, and miR-148a/b by targeting KRAS and other 
genes, are downregulated, and also the miR-221, miR-210, miR-155, and miR-21 
are upregulated (Xue et al. 2013). Nevertheless, in some cancers, microRNAs have 
dual functions. For example, the miR-221, which has been shown to be upregulated 
in liver and colon cancers, acts as an oncogenic factor by inhibiting tumor suppres-
sors PTEN and RECK, whereas it acts as a tumor suppressor by derepression of 
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oncogenes such as c-KIT and ETV1 (Berindan‐Neagoe et al. 2014). Although many 
miRNA and genes have been reported for various cancers (Berindan‐Neagoe et al. 
2014; Sohrabi et  al. 2020) such as miR-200c for ovarian cancer, hsa-miR-142-5p 
and hsa-miR-375 for gastric cancer, miR-133 for breast cancer, and miR-21 for 
colon cancer, and lung cancer, to best of our knowledge, for pancreatic cancer diag-
nosis, suitable markers with adequate accuracy are needed (Ghafar et al. 2020; Ber-
indan‐Neagoe et al. 2014). Molecular markers are increasingly being suggested for 
the screening and diagnosis of PC, but they are not feasible for routine clinical use 
(Fry et al. 2008; Hasan et al. 2019).

Bioinformatics and system biology tools are remarkably used in the different 
fields of medical biology (Gasparini-Junior et al. 2019; Lu et al. 2018; Mohammadi 
et al. 2020; Rezaie et al. 2020b, 2018; Keshtvarz et al. 2017). Analyzing and under-
standing the genes-miRNAs network for cancer enables us to find genes and miR-
NAs that have significant expression level differences over cancer states. In addition, 
we can find genes significantly affected by miRNAs, identify different target genes 
for miRNAs, identify the mechanism of the disease, and finally introduce potential 
new and reliable biomarkers.

Aimed at gene expression analysis, the microarray provides a high-throughput 
platform that in recent years, has been extensively conducted as a powerful tool for 
assessing general genetic alteration during carcinogenesis (Kim 2004; Zhang et al. 
2017). The microarray technology, which can calculate the expression changes of 
the different genes in the healthy and tumor groups, enables the researcher to study 
the expression of several thousands of genes simultaneously (Zhang et  al. 2017). 
For example, in Yi lu study the ITGA2, MMP7, ITGB4, ITGA4, ITC3, VCAN, and 
PLAU genes have been identified after the bioinformatics analysis of the microarray 
data from patients with pancreatic ductal adenocarcinoma (Berindan‐Neagoe et al. 
2014). Several studies also revealed that metabolic pathways and signaling interac-
tions were associated with the shortening of life expectancy in this disease (Lu et al. 
2018; Li et al. 2018). The MMP7 and ITGA2 genes have also been correlated with 
the prognosis and diagnosis of pancreatic cancer (Zhang et al. 2017; Li et al. 2018; 
Long et al. 2016). It is necessary to explore new molecular biomarkers facilitating 
detection or increasing the screening and treatment rate of pancreatic cancer. As a 
result, in the present work, we tried to study the genes-miRNAs-drugs network and 
understand their signaling pathways in pancreatic cancer to introduce the new diag-
nosis and therapeutic targets.

Methods

Pancreatic Cancer Biomarkers

We applied the medical subject headings (Rezaie et  al. 2020a) based keywords 
(pancreatic cancer AND (biomarker* OR current marker*) AND discovery AND 
human) in Google Scholar, Pubmed from 2015 to 2020, and selected the most com-
mon biomarkers of pancreatic cancer.
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Microarray Data

We searched expression profiles of miRNAs and mRNAs in the GEO database 
(https://​www.​ncbi.​nlm.​nih.​gov/​geo/) using the following keywords: pancreatic neo-
plasms AND Homo sapiens. The inclusion criteria were as follows: (1) samples 
diagnosed with pancreatic cancer (PC) and normal tissue samples, (2) profiling of 
gene expression for mRNA and miRNA, and (3) enough data to plan the study.

Data Processing

GEO2R online webserver was used to identify differentially expressed genes and 
miRNAs between PC and normal tissue samples. As the criteria, a P value < 0.05 
and a |logFC|> 1 were set. To increase the specificity, further analyses with com-
mon miRNAs in both datasets (P value < 0.05) were designed and submitted to the 
MirDIP database to obtain the miRNA’s target genes. Finally, we identified common 
genes between targets of miRNAs and differential expression genes (DEGs) using 
the Venn diagram.

Functional and Pathway Enrichment Analysis

Kyoto encyclopedia of genes and genomes (KEGG) and GO analysis, including bio-
logical process (BP), molecular function (Sandhu et al. 2016), and cellular compo-
nent (Tahira et  al. 2011), were used for functional study of single genes or large-
scale genome. Both analyses were done in the EnrichR database (Chen et al. 2013; 
Kuleshov et al. 2016). The cut-off criterion was set to P value < 0.01.

Protein–Protein Interaction (PPI) Network Construction and Analysis of Modules

The DEGs were mapped to STRING (recovery tool for interacting genes) database 
(http://​string-​db.​org/) to evaluate the protein–protein interaction integration and then 
visualized with Cytoscape. The molecular complex detection (MCODE) plug-in 
(http://​apps.​cytos​cape.​org/​apps/​mcode) was used to screen PPI network hub gene 
modules with cut-off degree = 10, haircut = on, node score cut-off = 0.2, k-core = 2, 
and max. Depth = 100. Clusters with more than 5 scores were selected for further 
analysis (Fig. 1).

Survival Analysis

Survival analysis was performed using five studies with terms of Pancreatic Ade-
nocarcinoma (TCGA, PanCancer Atlas), Pancreatic Adenocarcinoma (TCGA, Pro-
visional), Pancreatic Cancer (UTSW, Nat Commun 2015), Pancreatic Adenocarci-
noma (QCMG, Nature 2016) and Pancreatic Adenocarcinoma (ICGC, Nature 2012) 
from the cBioPortal database (Gao et al. 2013), (survival analysis refers to the over-
all survival Kaplan–Meier estimate). The datasets used in this study were composed 
of 1034 pancreatic cancer/adenocarcinoma samples/patients. Based on a relationship 

https://www.ncbi.nlm.nih.gov/geo/
http://string-db.org/
http://apps.cytoscape.org/apps/mcode
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Fig. 1   Flow chart of data analysis. Firstly, we identified differentially expressed mRNAs and miRNAs 
in pancreatic cancer through integrating expression microarray data then we constructed network of 
miRNA–mRNA based on Microarray data. Also, we enrichment genes and analyzed protein–protein net-
work and finally survival of genes were investigated
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network built by MCODE (clusters 1 and 2 with score > 5), gene names were sub-
mitted in cBioPortal, and survival analysis was accomplished, of which genes with 
Log rank test of P < 0.05 were presented.

Construction of Regulatory miRNA‑Drug‑mRNA Network

Herein, we identified the mRNAs targeted by miRNA through mirDIP 4.1 (Tokar 
et al. 2017; Shirdel et al. 2011). Then, we identified the mRNAs that correlated with 
miRNA expression in pancreatic cancer through a Venn diagram. The target genes 
of the common miRNA from GSE71533 and GSE2479 were predicted with mirDIP, 
an online MicroRNA target-predicting database, that comprise of 28 database 
(BCmicrO,BiTargeting, CoMeTa, Cupid, DIANA,ElMMo3,GenMir++, microrna.
org, mirbase, mirCoX, miRcode, miRDB, miRTar2GO, MAMI, MBStar, MirAnce-
sTar, MirMAP, MirSNP, MirTar, Mirza-G, MultiMiTar, PACCMIT, PicTar, PITA, 
RepTar, RNA22, RNAhybrid, TargetRank, TargetScan and TargetSpy). The network 
was constructed between 43 selected miRNAs and 17 selected genes, including 
cluster one and two MCODE analysis (score > 5) in cytoscape version 3.6.0. Genes 
correlated with different miRNAs also entered into the DGIdb website (http://​www.​
dgidb.​org/) to find target gene drugs. A general network of genes, miRNAs, and 
their drugs was constructed with cytoscape software.

Results

Previous Biomarkers for Pancreatic Cancer

Some genes and miRNAs, which have been mentioned in previous studies as pan-
creatic cancer biomarkers, were identified. These genes and miRNAs are summa-
rized in Table 1.

Many of these genes and miRNAs were excluded from our study due to insignifi-
cant P-Value and/or sharing between datasets (Table 2; Fig. 1). So far, many genes 
or miRNAs in pancreatic cancer had relatively good conditions for biomarkers, but 
often for various reasons, their importance has been diminished. Some of them 
have same expression profile in different cancers, others are not detectable in the 
early stages of cancer or at different stages. Others need to be studied with a larger 
sample size, some of which have only been tested in a pancreatic cancer subtype or 
under the influence of a particular drug, and some of them are not able to distin-
guish cancer from inflammatory conditions. These factors reduce their specificity 
and sensitivity.

Differential Expression Profiles of miRNAs and Genes

In this study after analysis of the 341 cases and 108 controls (Table 3), we tried to 
identify the miRNA and genes associated with pancreatic cancer and their interac-
tions. Eventually, we could introduce the new potential biomarkers for this cancer. 

http://www.dgidb.org/
http://www.dgidb.org/


1332	 Biochemical Genetics (2021) 59:1326–1358

1 3

Ta
bl

e 
1  

A
dv

an
ta

ge
s a

nd
 d

is
ad

va
nt

ag
es

 o
f p

re
vi

ou
s b

io
m

ar
ke

rs
 fo

r p
an

cr
ea

tic
 c

an
ce

r

B
io

m
ar

ke
r

Ye
ar

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
Re

fe
re

nc
es

C
EA

CA
M

1
20

07
- C

EA
CA

M
1’

s s
en

si
tiv

ity
 (8

5%
)

an
d 

th
e 

sp
ec

ifi
ci

ty
 is

 (9
8%

) g
oo

d
1.

 T
he

 e
xp

re
ss

io
n 

of
 C

EA
CA

M
1 

ha
s 

be
en

 d
em

on
str

at
ed

 to
 b

e 
lo

w
er

 in
 

tu
m

or
 c

om
pa

re
d 

w
ith

 n
or

m
al

 ti
ss

ue
 

in
 c

an
ce

rs
 o

f t
he

 b
re

as
t, 

co
lo

n,
 p

ro
s-

ta
te

, a
nd

 e
nd

om
et

riu
m

2.
 In

 c
on

tra
st,

 C
EA

CA
M

1 
ex

pr
es

-
si

on
 is

 in
cr

ea
se

d 
in

 lu
ng

 c
an

ce
r a

nd
 

m
el

an
om

a
3.

 C
EA

CA
M

1 
ca

nn
ot

 d
iff

er
en

tia
te

 
pa

nc
re

at
ic

 c
an

ce
r f

ro
m

 c
hr

on
ic

 
pa

nc
re

at
iti

s

Si
m

eo
ne

 e
t a

l. 
(2

00
7)

CA
19

-9
20

10
- T

he
 m

os
t f

re
qu

en
tly

 u
se

d 
bi

om
ar

ke
r 

fo
r P

an
cr

ea
tic

 d
uc

ta
l a

de
no

ca
rc

i-
no

m
a 

(P
D

A
C

)

1.
 It

s s
en

si
tiv

ity
 a

nd
 sp

ec
ifi

ci
ty

 a
re

 
un

sa
tis

fa
ct

or
y,

 e
sp

ec
ia

lly
 fo

r t
he

 
di

ag
no

si
s o

f e
ar

ly
-s

ta
ge

 P
D

A
C

 a
nd

 
fo

r d
is

cr
im

in
at

io
n 

of
 P

D
A

C
 fr

om
 

be
ni

gn
 p

an
cr

ea
tic

 d
is

ea
se

2.
 It

 st
ill

 c
ou

ld
 b

e 
fa

ls
e 

ne
ga

tiv
e 

in
 

Le
w

is
 n

eg
at

iv
e 

ph
en

ot
yp

e 
an

d 
fa

ls
e 

po
si

tiv
e 

in
 o

th
er

 fo
rm

s o
f d

ig
es

tiv
e 

tra
ct

 c
an

ce
r a

nd
 so

m
e 

no
n-

ca
nc

er
ou

s 
co

nd
iti

on
s

D
on

g 
et

 a
l. 

(2
01

8)
, L

uo
 e

t a
l. 

(2
01

7)
 a

nd
 

Rü
ck

er
t e

t a
l. 

(2
01

0)

CO
L6

A
3

20
11

1.
 C

O
L6

A
3 

pr
ot

ei
n 

le
ve

ls
 w

er
e 

si
g-

ni
fic

an
tly

 u
pr

eg
ul

at
ed

 in
 7

7%
 o

f t
he

 
pa

ire
d 

PD
A

-a
dj

ac
en

t t
is

su
e 

ex
am

in
ed

2.
 C

O
L6

A
3 

w
as

 m
ai

nl
y 

pr
es

en
t i

n 
th

e 
de

sm
op

la
sti

c 
str

om
a 

of
 P

an
cr

ea
tic

 
du

ct
al

 a
de

no
ca

rc
in

om
a 

(P
D

A
), 

w
ith

 
hi

gh
 d

ep
os

iti
on

 a
ro

un
d 

th
e 

m
al

ig
na

nt
 

du
ct

s a
nd

 in
 b

et
w

ee
n 

th
e 

si
te

s o
f 

str
om

al
 fa

tty
 in

fil
tra

tio
n

1.
 N

ee
d 

fu
tu

re
 st

ud
ie

s t
o 

ex
pl

or
e 

th
e 

on
co

ge
ni

c 
an

d 
di

ag
no

sti
c 

po
te

nt
ia

l 
of

 C
O

L6
A

3 
is

of
or

m
s a

s P
D

A
-

sp
ec

ifi
c

A
ra

fa
t e

t a
l. 

(2
01

1)



1333

1 3

Biochemical Genetics (2021) 59:1326–1358	

Ta
bl

e 
1  

(c
on

tin
ue

d)

B
io

m
ar

ke
r

Ye
ar

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
Re

fe
re

nc
es

m
iR

-3
67

9-
5p

 a
nd

 m
iR

-9
40

20
15

- T
he

se
 m

iR
N

A
s p

os
se

ss
 g

oo
d 

di
s-

cr
im

in
at

or
y 

po
w

er
 to

 d
et

ec
t r

es
ec

t-
ab

le
 p

an
cr

ea
tic

 c
an

ce
r

1.
 T

he
 se

ns
iti

vi
tie

s a
nd

 sp
ec

ifi
ci

tie
s 

ra
ng

ed
 fr

om
 6

0 
to

 8
0%

X
ie

 e
t a

l. 
(2

01
5)

R
EG

1A
, L

Y
V

E1
, T

FF
1

20
15

1.
 T

hr
ee

-b
io

m
ar

ke
r u

rin
e 

pa
ne

l t
ha

t 
di

sc
rim

in
at

es
 e

ar
ly

-s
ta

ge
 P

D
A

C
 

pa
tie

nt
s f

ro
m

 h
ea

lth
y 

su
bj

ec
ts

 w
ith

 
hi

gh
 a

cc
ur

ac
y

2.
 W

he
n 

co
m

bi
ne

d,
 R

EG
1A

, T
FF

1 
an

d 
LY

V
E1

 fo
rm

 a
 p

ow
er

fu
l u

rin
ar

y 
pa

ne
l t

ha
t c

an
 d

et
ec

t p
at

ie
nt

s w
ith

 
st

ag
es

 I–
II

 P
D

A
C

, w
ith

 o
ve

r 9
0%

 
ac

cu
ra

cy

1.
 R

EG
1 

(n
on

-s
pe

ci
fie

d)
 e

xp
re

s-
si

on
 h

as
 b

ee
n 

re
po

rte
d 

pr
ev

io
us

ly
 

in
 a

bo
ut

 2
5%

 o
f P

D
A

C
s (

n =
 20

) 
w

hi
le

 in
 o

th
er

 st
ud

y 
ob

se
rv

ed
 st

ro
ng

 
ex

pr
es

si
on

 o
f R

EG
1A

 in
 7

3%
 o

f t
he

 
ca

se
s e

xa
m

in
ed

 h
er

e
2.

 R
EG

1A
 a

nd
 R

EG
1B

 p
ro

te
in

s a
re

 
al

m
os

t 9
0%

 id
en

tic
al

, a
nd

 a
re

 d
if-

fic
ul

t t
o 

di
sti

ng
ui

sh
3.

 T
FF

1 
al

so
 p

la
y 

si
m

ila
r p

iv
ot

al
 ro

le
s 

in
 c

an
ce

r c
el

ls
, a

nd
 a

re
 th

us
 in

vo
lv

ed
 

in
 th

e 
de

ve
lo

pm
en

t a
nd

 p
ro

gr
es

si
on

 
of

 v
ar

io
us

 c
an

ce
r t

yp
es

4.
 T

ra
ns

cr
ip

ts
 o

f a
ll 

th
re

e 
m

em
be

rs
 o

f 
th

e 
fa

m
ily

, a
nd

 in
 p

ar
tic

ul
ar

 T
FF

3,
 

ha
ve

 b
ee

n 
ob

se
rv

ed
 in

 th
e 

ur
in

ar
y 

tra
ct

 o
f h

ea
lth

y 
su

bj
ec

ts
, b

ut
 o

nl
y 

TF
F2

 p
ep

tid
e 

w
as

 e
xc

re
te

d 
in

 th
e 

ur
in

e
5.

 L
Y

V
E1

 ro
le

 in
 P

D
A

C
 st

ill
 n

ee
ds

 to
 

be
 e

st
ab

lis
he

d
6.

 L
Y

V
E1

 e
xp

re
ss

io
n 

w
as

 sc
ar

ce
 

du
e 

to
 th

e 
un

de
r-r

ep
re

se
nt

at
io

n 
of

 
ex

tra
tu

m
or

al
 ti

ss
ue

s w
ith

in
 o

ur
 c

as
e 

se
rie

s

M
ak

aw
ita

 e
t a

l. 
(2

01
3)

 a
nd

 R
ad

on
 e

t a
l. 

(2
01

5)



1334	 Biochemical Genetics (2021) 59:1326–1358

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

B
io

m
ar

ke
r

Ye
ar

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
Re

fe
re

nc
es

C
4B

PA
20

16
-S

er
um

 C
4B

PA
 le

ve
l i

s a
 p

ot
en

tia
l 

se
ru

m
 b

io
m

ar
ke

r t
o 

di
sti

ng
ui

sh
 

PD
A

C
 fr

om
 c

hr
on

ic
 p

an
cr

ea
tit

is
 a

nd
 

m
aj

or
 g

as
tro

en
te

ro
lo

gi
ca

l c
an

ce
rs

1.
 F

ur
th

er
 a

na
ly

si
s n

ee
de

d 
in

 la
rg

e 
co

ho
rt 

stu
di

es
 w

ill
 w

ar
ra

nt
 C

4B
PA

 
as

 a
 p

ro
m

is
in

g 
bi

om
ar

ke
r o

f P
D

A
C

 
in

 c
lin

ic
al

 u
se

2.
 T

he
 re

sp
ec

tiv
e 

se
ns

iti
vi

tie
s w

er
e 

67
.3

%
 fo

r s
er

um
 C

4B
PA

 (t
he

 sp
ec

i-
fic

ity
 w

as
 9

5.
4%

)

So
ga

w
a 

et
 a

l. 
(2

01
6)

K
RT

16
20

17
-A

 h
ig

he
r e

xp
re

ss
io

n 
of

 K
RT

16
 w

as
 

ob
se

rv
ed

 in
 tu

m
or

 th
an

 it
s a

dj
ac

en
t 

no
rm

al
 p

an
cr

ea
tic

 ti
ss

ue

1.
 O

ve
re

xp
re

ss
io

n 
of

 K
RT

16
 m

R
N

A
 

ha
s b

ee
n 

id
en

tifi
ed

 a
s a

 p
ro

gn
os

tic
 

m
ar

ke
rs

 in
 tr

ip
le

 n
eg

at
iv

e 
br

ea
st 

ca
nc

er

M
ao

 e
t a

l. 
(2

01
7)

m
iR

-1
96

a 
an

d 
m

iR
-2

10
20

17
1.

 m
iR

-1
96

a 
ov

er
ex

pr
es

si
on

 w
as

 
si

gn
ifi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

ith
 p

oo
re

r 
su

rv
iv

al
 ra

te
2.

 S
ig

ni
fic

an
tly

, m
iR

-2
10

 d
is

pl
ay

ed
 a

 
po

si
tiv

e 
va

lu
e 

in
 te

rm
s o

f p
ro

gn
o-

si
s a

nd
 m

iR
-1

96
a 

w
as

 n
eg

at
iv

e 
fo

r 
pr

og
no

si
s

1.
 m

iR
-2

10
 w

as
 a

n 
in

de
pe

nd
en

t 
ne

ga
tiv

e 
pr

og
no

sti
c 

fa
ct

or
 fo

r b
re

as
t 

ca
nc

er
 a

nd
 n

ec
k 

ca
nc

er
 p

at
ie

nt
s

2.
 In

-d
ep

th
 st

ud
ie

s a
re

 n
ee

de
d 

to
 

ill
um

in
at

e 
th

e 
m

ol
ec

ul
ar

 m
ec

ha
-

ni
sm

s a
nd

 th
e 

th
er

ap
eu

tic
 ta

rg
et

(s
) o

f 
m

iR
N

A
s i

n 
PD

A
C

 p
at

ie
nt

s

Y
u 

et
 a

l. 
(2

01
7)

Pe
rio

sti
n 

(P
O

ST
N

) a
nd

 C
A

24
2

20
18

-T
he

 p
ot

en
tia

l d
ia

gn
os

tic
 b

io
m

ar
ke

rs
 

co
m

pl
em

en
tin

g 
CA

19
.9

 in
 d

et
ec

tin
g 

pa
nc

re
at

ic
 c

an
ce

r

1.
 F

ew
 st

ud
ie

s h
av

e 
fo

cu
se

d 
on

 th
e 

cl
in

ic
al

 si
gn

ifi
ca

nc
e 

of
 se

ru
m

 
PO

ST
N

 in
 p

at
ie

nt
s w

ith
 P

D
A

C
2.

 N
o 

ob
vi

ou
s c

ha
ng

es
 w

er
e 

ob
se

rv
ed

 
fo

r t
ho

se
 p

at
ie

nt
s w

ith
 m

et
as

ta
si

s
3.

 P
ro

gn
os

tic
 v

al
ue

 fo
r m

ul
tip

le
 

tu
m

or
s, 

su
ch

 a
s h

ep
at

oc
el

lu
la

r 
ca

rc
in

om
a,

 e
so

ph
ag

ea
l s

qu
am

ou
s 

ce
ll 

ca
rc

in
om

a,
 n

on
‐s

m
al

l c
el

l l
un

g 
ca

nc
er

 a
nd

 b
re

as
t c

an
ce

r

D
on

g 
et

 a
l. 

(2
01

8)



1335

1 3

Biochemical Genetics (2021) 59:1326–1358	

Ta
bl

e 
1  

(c
on

tin
ue

d)

B
io

m
ar

ke
r

Ye
ar

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
Re

fe
re

nc
es

B
ra

in
 a

ci
d 

so
lu

bl
e 

pr
ot

ei
n 

1 
(B

A
SP

1,
CA

P-
23

, N
A

P2
2)

20
19

-T
he

 in
de

pe
nd

en
t p

ro
gn

os
tic

 im
po

r-
ta

nc
e 

of
 B

A
SP

1 
w

as
 v

al
id

at
ed

 in
 

a 
la

rg
e 

se
rie

s o
f p

an
cr

ea
tic

 c
an

ce
r 

pa
tie

nt
s, 

to
ge

th
er

 w
ith

 it
s i

nt
er

ac
tio

n 
pa

rtn
er

 W
T1

1.
 P

os
se

ss
in

g 
la

rg
el

y 
un

kn
ow

n 
bi

ol
og

i-
ca

l a
nd

 c
lin

ic
al

 fu
nc

tio
ns

 a
nd

 w
as

 
se

le
ct

ed
 fo

r f
ur

th
er

 a
na

ly
si

s
2.

 B
A

SP
1 

w
as

 fo
un

d 
to

 b
e 

a 
po

te
nt

ia
l 

tu
m

or
 su

pp
re

ss
or

 a
nd

 im
pl

ic
at

ed
 in

 
m

an
y 

ca
nc

er
s

3.
 T

he
 fr

es
h 

fro
ze

n 
sa

m
pl

es
 u

se
d 

in
 

th
e 

di
sc

ov
er

y 
ph

as
e 

w
er

e 
lim

ite
d 

in
 

nu
m

be
r

4.
 T

he
 ti

ss
ue

 m
ic

ro
ar

ra
y 

sa
m

pl
es

 w
er

e 
ac

cr
ue

d 
ov

er
 a

 lo
ng

 ti
m

e 
pe

rio
d 

w
ith

 
po

te
nt

ia
l c

ha
ng

es
 in

 h
ist

op
at

ho
lo

gi
-

ca
l c

ha
ra

ct
er

iz
at

io
n,

 tr
ea

tm
en

t a
nd

 
fo

llo
w

-u
p

Zh
ou

 e
t a

l. 
(2

01
9)

G
ly

pi
ca

n-
1 

(G
PC

1)
20

19
-C

om
bi

ne
d 

de
te

ct
io

n 
of

 e
xo

so
m

al
 

G
PC

1,
 e

xo
so

m
al

 C
D

82
, a

nd
 se

ru
m

 
CA

19
-9

 sh
ow

s g
re

at
 p

ro
m

is
e 

as
 a

 
st

an
da

rd
 m

et
ho

d 
fo

r P
C

 d
et

ec
tio

n

1.
 R

at
es

 o
f p

os
iti

ve
 e

xo
so

m
al

 G
PC

1 
pr

ot
ei

n 
ex

pr
es

si
on

 v
ar

ie
d 

gr
ea

tly
 

ac
co

rd
in

g 
to

 d
iff

er
en

t b
at

ch
es

 o
f 

sa
m

pl
es

2.
 M

or
e 

rig
or

ou
s s

tu
di

es
 w

ith
 P

C
 

pa
tie

nt
s a

t d
iff

er
en

t c
lin

ic
al

 st
ag

es
 

an
d 

la
rg

er
 p

op
ul

at
io

n 
co

ho
rts

 sh
ou

ld
 

be
 c

on
du

ct
ed

 to
 d

et
er

m
in

e 
w

he
th

er
 

th
e 

de
te

ct
io

n 
pa

ne
l c

an
 b

e 
us

ed
 fo

r 
ea

rly
-s

ta
ge

 P
C

 sc
re

en
in

g

X
ia

o 
et

 a
l. 

(2
02

0)



1336	 Biochemical Genetics (2021) 59:1326–1358

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

B
io

m
ar

ke
r

Ye
ar

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
Re

fe
re

nc
es

YA
P1

20
20

1.
 Y

A
P1

 is
 a

n 
in

de
pe

nd
en

t p
ro

gn
os

tic
 

m
ar

ke
r a

ss
oc

ia
te

d 
w

ith
 re

cu
rr

en
ce

 
an

d 
un

fa
vo

ra
bl

e 
su

rv
iv

al
 in

 p
an

cr
e-

at
ic

 c
an

ce
r

2.
 In

hi
bi

tio
n 

of
 Y

A
P1

/T
EA

D
 in

te
ra

c-
tio

n 
in

te
rfe

re
s w

ith
 th

e 
ex

pr
es

si
on

 o
f 

A
R

EG
, C

TG
F,

 C
Y

R
61

, a
nd

 M
SL

N
 

su
gg

es
tin

g 
th

at
 Y

A
P1

 tr
an

sc
rip

tio
na

l 
ac

tiv
ity

 m
ay

 a
ffe

ct
 th

e 
de

ve
lo

pm
en

t 
an

d 
pe

rs
ist

en
ce

 o
f a

 fi
br

ot
ic

 tu
m

or
 

m
ic

ro
en

vi
ro

nm
en

t

1.
 Y

A
P1

 p
ro

te
in

 e
xp

re
ss

io
n 

di
d 

no
t 

re
ac

h 
st

at
ist

ic
al

 si
gn

ifi
ca

nc
e 

in
 th

ei
r 

K
ap

la
n–

M
ei

er
 a

na
ly

si
s, 

lik
el

y 
du

e 
to

 th
e 

sm
al

l c
oh

or
t s

iz
e,

 to
 c

la
rif

y 
th

e 
pr

og
no

sti
c 

ro
le

 o
f Y

A
P1

 p
ro

te
in

 
ex

pr
es

si
on

 in
 p

an
cr

ea
tic

 c
an

ce
r

2.
 A

dd
iti

on
al

 st
ud

ie
s b

as
ed

 o
n 

la
rg

er
 

co
ho

rts
 a

re
 n

ee
de

d

Zh
ou

 e
t a

l. 
(2

02
0)

PH
LP

P2
20

20
-I

llu
str

at
ed

 a
 n

ov
el

 a
nd

 p
re

ci
se

 
m

ec
ha

ni
sm

 o
f a

ct
io

n 
of

 e
pi

ge
ne

tic
 

al
te

ra
tio

ns
 th

at
 u

nd
er

ly
 th

e 
in

hi
bi

tio
n 

of
 V

C
 in

 p
an

cr
ea

tic
 c

an
ce

r

1.
 Ju

st 
fo

cu
s o

n 
ep

ig
en

et
ic

 ta
rg

et
 fo

r 
th

e 
tre

at
m

en
t o

f v
ita

m
in

 C
 in

 p
an

cr
e-

at
ic

 c
an

ce
r

C
he

n 
et

 a
l. 

(2
02

0)

TN
FS

F9
20

20
-T

N
FS

F9
 is

 a
ss

oc
ia

te
d 

w
ith

 p
ro

gn
os

is
 

an
d 

C
D

8+
T 

ce
ll 

in
fil

tra
tio

n 
le

ve
ls

 in
 

pa
tie

nt
s w

ith
 p

an
cr

ea
tic

 c
an

ce
r

1.
 T

he
 e

xp
re

ss
io

n 
of

 T
N

FS
F9

 is
 a

ls
o 

as
so

ci
at

ed
 w

ith
 a

 v
ar

ie
ty

 o
f h

um
an

 
tu

m
or

s, 
in

cl
ud

in
g 

m
el

an
om

a,
 li

ve
r 

ca
nc

er
, c

ol
or

ec
ta

l c
an

ce
r, 

an
d 

lu
ng

 
ca

nc
er

2.
 T

N
FS

F9
 c

ou
ld

 n
ot

 a
ffe

ct
 to

ta
l

im
m

un
e 

ce
ll 

in
fil

tra
tio

n 
bu

t i
t c

ou
ld

 
re

gu
la

te
 im

m
un

e 
ce

ll 
su

bt
yp

es

W
u 

et
 a

l. 
(2

02
0)



1337

1 3

Biochemical Genetics (2021) 59:1326–1358	

Ta
bl

e 
1  

(c
on

tin
ue

d)

B
io

m
ar

ke
r

Ye
ar

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
Re

fe
re

nc
es

eI
F 

fa
m

ily
20

20
-e

IF
1,

 e
IF

2D
, e

IF
3C

 a
nd

 e
IF

6 
ar

e 
do

w
nr

eg
ul

at
ed

 in
 P

D
A

C
, a

nd
 a

re
 

pr
ed

ic
to

rs
 fo

r o
ve

ra
ll 

su
rv

iv
al

 in
 

PD
A

C
 p

at
ie

nt
s

1.
 Ju

st 
fo

cu
si

ng
 o

n 
PD

A
C

 a
nd

 so
m

e 
of

 
eI

F 
fa

m
ily

2.
 A

 b
ro

ad
 ra

ng
e 

of
 c

an
ce

r t
yp

es
, 

in
cl

ud
in

g 
pa

nc
re

at
ic

 c
an

ce
r, 

ha
ve

 
be

en
 c

an
di

da
te

s f
or

 ta
rg

et
in

g 
th

e 
PI

3K
/A

K
T/

m
TO

R
 p

at
hw

ay
 d

ue
 

to
 it

s c
om

m
on

 d
er

eg
ul

at
io

n 
vi

a 
am

pl
ifi

ca
tio

n,
 m

ut
at

io
n 

or
 lo

ss
 o

f 
ke

y 
re

gu
la

to
rs

3.
 e

IF
s a

re
 o

ve
re

xp
re

ss
ed

 in
 v

ar
io

us
 

m
al

ig
na

nc
ie

s, 
su

ch
 a

s s
qu

am
ou

s c
el

l 
ca

rc
in

om
a 

of
 th

e 
he

ad
 a

nd
 n

ec
k,

 
lu

ng
, t

hy
ro

id
, b

re
as

t a
nd

 c
ol

or
ec

ta
l 

ca
nc

er
4.

 N
ee

d 
Fu

tu
re

 e
xp

er
im

en
ts

 fo
r f

oc
us

 
on

 tu
m

or
 c

el
l t

yp
e-

sp
ec

ifi
c 

ex
pr

es
-

si
on

s o
f e

IF
s u

nd
er

 c
on

si
de

ra
tio

n 
of

 
tu

m
or

 h
et

er
og

en
ei

ty

G
ol

ob
-S

ch
w

ar
zl

 e
t a

l. 
(2

02
0)

A
R

H
G

EF
15

20
20

-U
pr

eg
ul

at
io

n 
of

 A
R

H
G

EF
15

 in
 p

an
-

cr
ea

tic
 c

an
ce

r i
nc

re
as

ed
 a

ct
iv

at
io

n 
of

 
th

e 
R

ho
-fa

m
ily

 p
ro

te
in

s, 
es

pe
ci

al
ly

 
R

ho
A

, C
dc

42
 a

nd
 R

ac
, r

es
ul

tin
g 

in
 

en
ha

nc
ed

 m
ot

ili
ty

 o
f t

he
 p

an
cr

ea
tic

 
ca

nc
er

 c
el

ls

1.
 Ju

st 
fo

cu
si

ng
 o

n 
PD

A
C

 a
nd

 se
ve

ra
l 

pr
ev

io
us

 st
ud

ie
s h

av
e 

de
m

on
str

at
ed

 
th

at
 o

ve
re

xp
re

ss
io

n 
of

 th
e 

R
ho

-fa
m

-
ily

 p
ro

te
in

s t
og

et
he

r w
ith

 e
nh

an
ce

d 
R

ho
 si

gn
al

in
g 

w
as

 in
vo

lv
ed

 in
 th

e 
pr

ol
ife

ra
tio

n 
of

 c
an

ce
r c

el
ls

 in
 m

an
y 

m
al

ig
na

nt
 tu

m
or

s

Fu
ku

sh
im

a 
et

 a
l. 

(2
01

6)

m
iR

-1
25

a-
3p

, m
iR

-5
10

0 
an

d 
m

iR
-

64
2b

-3
p

20
20

- T
he

se
 m

iR
N

A
s w

er
e 

th
e 

m
os

t p
ro

m
-

is
in

g 
m

od
el

 in
 th

e 
di

ag
no

si
s o

f P
C

 
pa

tie
nt

s f
ro

m
 h

ea
lth

y 
co

nt
ro

ls
 w

ith
 

Se
ns

iti
vi

ty
 0

.9
8 

an
d 

Sp
ec

ifi
ci

ty
 0

.9
7

1.
 M

ul
tip

le
 st

ud
ie

s h
av

e 
re

po
rte

d 
th

e 
eff

ec
t a

nd
 d

iff
er

en
tia

l e
xp

re
ss

io
n 

of
 

th
es

e 
m

iR
N

A
s i

n 
va

rio
us

 c
an

ce
rs

 
es

pe
ci

al
ly

 g
as

tro
 In

te
sti

na
l c

an
ce

rs

Sh
am

s e
t a

l. 
(2

02
0)



1338	 Biochemical Genetics (2021) 59:1326–1358

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

B
io

m
ar

ke
r

Ye
ar

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
Re

fe
re

nc
es

hs
a-

m
iR

-7
20

20
1.

 m
iR

-7
 e

xp
re

ss
io

n 
w

as
 d

ra
m

at
ic

al
ly

 
de

cr
ea

se
d 

in
 th

e 
pl

as
m

a 
of

 p
at

ie
nt

s 
w

ith
 g

em
ci

ta
bi

ne
-r

es
ist

an
t p

an
cr

ea
tic

 
ca

nc
er

 a
nd

 in
 v

itr
o 

up
re

gu
la

tio
n 

of
 

m
iR

-7
 si

gn
ifi

ca
nt

ly
 e

nh
an

ce
d 

th
e

se
ns

iti
vi

ty
 o

f p
an

cr
ea

tic
 c

an
ce

r c
el

ls
 to

 
ge

m
ci

ta
bi

ne
2.

 T
he

se
 d

at
a 

su
gg

es
te

d 
th

at
 m

iR
-7

 
m

ig
ht

 p
ot

en
tia

te
 th

e 
tu

m
or

ic
id

al
 

eff
ec

t o
f g

em
ci

ta
bi

ne
 v

ia
 ta

rg
et

in
g 

au
to

ph
ag

y 
to

 im
pa

ir 
gl

yc
ol

ys
is

1.
 T

he
 si

gn
ifi

ca
nc

e 
of

 m
iR

-7
 in

 c
an

ce
r 

is
 w

el
l d

oc
um

en
te

d 
to

 d
ire

ct
ly

 in
hi

bi
t 

a 
nu

m
be

r o
f o

nc
og

en
ic

 ta
rg

et
s i

n 
m

ul
tip

le
 ty

pe
s o

f t
um

or
s, 

in
cl

ud
in

g 
he

pa
to

ce
llu

la
r c

ar
ci

no
m

a,
 g

as
tri

c 
ca

nc
er

, a
nd

 c
ol

or
ec

ta
l c

an
ce

r

Ye
 e

t a
l. 

(2
02

0)

hs
a-

m
iR

-1
29

0 
an

d 
hs

a-
m

iR
-1

24
6

20
20

-T
he

 c
om

bi
ne

d 
de

te
ct

io
n 

of
 C

A
19

-9
, 

to
ge

th
er

 w
ith

 m
iR

-1
29

0 
or

 m
iR

-
12

46
, c

ou
ld

 im
pr

ov
e 

th
e 

di
ag

no
sti

c 
ac

cu
ra

cy
 o

f P
an

cr
ea

tic
 C

an
ce

r

1.
 T

he
 d

ia
gn

os
tic

 e
ffi

ci
en

cy
 o

f c
irc

u-
la

tin
g 

m
iR

-1
29

0 
an

d 
m

iR
-1

24
6 

w
er

e 
te

ste
d 

in
 v

ar
io

us
 c

an
ce

rs
, i

nc
lu

di
ng

 
no

n-
sm

al
l c

el
l l

un
g 

ca
nc

er
, p

ro
st

at
e 

ca
nc

er
 a

nd
 P

C
2.

 T
he

re
 a

re
 so

m
e 

di
sa

dv
an

ta
ge

s f
or

 
ex

o-
m

iR
N

A
 re

se
ar

ch
 a

pp
ro

ac
he

s d
ue

 
to

 th
e 

la
ck

 o
f n

or
m

al
iz

at
io

n 
on

 th
e 

is
ol

at
io

n 
of

 e
xo

so
m

es
 a

nd
 a

bs
ol

ut
e 

qu
an

tifi
ca

tio
n

3.
 P

ro
sp

ec
tiv

e 
stu

di
es

 w
ith

 la
rg

er
 sa

m
-

pl
e 

si
ze

 a
re

 re
qu

ire
d 

to
 e

xp
lo

re
 th

ei
r 

pr
og

no
sti

c 
va

lu
e 

fo
r P

C
 a

nd
 e

xp
re

s-
si

on
 le

ve
ls

 o
f t

w
o 

m
iR

N
A

s w
er

e 
no

t 
va

lid
at

ed
 in

 P
C

 ti
ss

ue
s s

am
pl

es

W
ei

 e
t a

l. 
(2

02
0)



1339

1 3

Biochemical Genetics (2021) 59:1326–1358	

Ta
bl

e 
1  

(c
on

tin
ue

d)

B
io

m
ar

ke
r

Ye
ar

A
dv

an
ta

ge
s

D
is

ad
va

nt
ag

es
Re

fe
re

nc
es

PA
R

P 
in

hi
bi

to
r

20
20

-P
A

R
Pi

s c
an

 se
ns

iti
ze

 c
an

ce
r c

el
ls

 to
 

D
N

A
-d

am
ag

in
g 

ch
em

ot
he

ra
pi

es
1.

 R
es

ist
an

ce
 to

 P
A

R
P 

in
hi

bi
to

rs
 h

as
 

pa
rti

al
ly

 h
as

 p
re

ve
nt

ed
 th

ei
r u

se
 in

 
cl

in
ic

al
 a

pp
lic

at
io

ns
2.

 T
he

 m
os

t p
ro

m
in

en
t t

ar
ge

t g
en

e 
is

 
B

RC
A

, i
n 

w
hi

ch
 m

ut
at

io
ns

 w
er

e 
fir

st 
id

en
tifi

ed
 in

 b
re

as
t c

an
ce

r a
nd

 
ov

ar
ia

n 
ca

nc
er

Zh
u 

et
 a

l. 
(2

02
0)

PS
M

D
11

, P
TP

R
M

 a
nd

 P
TP

R
B

20
20

-P
ro

te
in

 ty
ro

si
ne

 p
ho

sp
ha

ta
se

s, 
PT

PR
M

 a
nd

 P
TP

R
B

, w
er

e 
de

cr
ea

se
d 

in
 p

la
sm

a 
of

 p
at

ie
nt

s w
ith

 p
oo

r 
pa

nc
re

at
ic

 d
uc

ta
l a

de
no

ca
rc

in
om

a 
(P

D
A

C
) p

ro
gn

os
is

, w
hi

le
 p

ro
te

as
o-

m
al

 su
bu

ni
t P

SM
D

11
 w

as
 in

cr
ea

se
d 

in
 m

ic
ro

pa
rti

cl
es

 o
f p

at
ie

nt
s w

ith
 

po
or

 p
ro

gn
os

is

1.
 F

ur
th

er
 st

ud
ie

s n
ee

de
d 

fo
r e

lu
ci

da
t-

in
g 

th
e 

ro
le

 o
f t

he
se

 p
ro

te
in

s i
n 

PD
A

C
 p

ro
gr

es
si

on
2.

 F
ut

ur
e 

re
se

ar
ch

 in
 a

 la
rg

er
 p

at
ie

nt
 

co
ho

rt 
an

d 
va

lid
at

io
n 

by
 a

n 
in

de
-

pe
nd

en
t m

et
ho

d 
w

ill
 b

e 
re

qu
ire

d 
to

 
co

nfi
rm

 th
es

e 
no

ve
l fi

nd
in

gs

Sa
hn

i e
t a

l. 
(2

02
0)

M
C

M
2 

an
d 

N
U

SA
P1

20
20

-M
C

M
2 

an
d 

N
U

SA
P1

 c
an

 b
e 

us
ed

 a
s 

po
te

nt
ia

l b
io

m
ar

ke
rs

 fo
r t

he
 d

ia
g-

no
si

s a
nd

 p
ro

gn
os

is
 o

f P
an

cr
ea

tic
 

ca
nc

er
 (P

C
)

1.
 A

 c
er

ta
in

 d
eg

re
e 

of
 h

et
er

og
en

ei
ty

 
w

as
 p

re
se

nt
 in

 th
e 

da
ta

se
ts

 se
le

ct
ed

 
fo

r t
hi

s s
tu

dy
, a

nd
 o

nl
y 

fo
ur

 n
or

m
al

 
sa

m
pl

es
 w

er
e 

in
cl

ud
ed

 in
 T

C
G

A
​

2.
 A

 la
rg

er
 sa

m
pl

e 
si

ze
, a

 h
ig

he
r-q

ua
l-

ity
 d

at
as

et
 a

nd
 b

io
lo

gy
 e

xp
er

im
en

ts
 

ar
e 

sti
ll 

re
qu

ire
d 

to
 v

er
ify

 th
e 

re
li-

ab
ili

ty
 o

f t
he

 re
su

lts

D
en

g 
et

 a
l. 

(2
02

0)

D
U

SP
14

20
20

-D
U

SP
14

 is
 a

 n
ov

el
 m

ol
ec

ul
ar

 ta
rg

et
 

th
at

 c
an

 b
e 

us
ed

 fo
r t

he
 tr

ea
tm

en
t o

f 
pa

nc
re

at
ic

 c
an

ce
r

1.
 D

U
SP

s a
ct

 p
iv

ot
al

ly
 in

 th
e 

pa
th

o-
lo

gi
ca

l p
ro

ce
ss

 o
f m

ul
tip

le
 d

is
ea

se
s, 

as
 w

el
l a

s i
n 

so
m

e 
ki

nd
s o

f c
an

ce
rs

2.
 F

ur
th

er
 st

ud
y 

ne
ed

ed
 to

 re
ve

al
 th

e 
po

te
nt

ia
l m

ec
ha

ni
sm

 in
 it

W
ei

 e
t a

l. 
(2

02
0)



1340	 Biochemical Genetics (2021) 59:1326–1358

1 3

Ta
bl

e 
2  

R
ea

so
ns

 fo
r r

ej
ec

tin
g 

of
te

n 
pr

ev
io

us
 b

io
m

ar
ke

rs

G
en

es
 a

nd
 m

iR
N

A
s p

re
vi

ou
sly

 id
en

tifi
ed

 a
s 

bi
om

ar
ke

rs
A

va
ila

bl
e 

da
ta

Re
as

on
Re

fe
re

nc
es

R
EG

1A
G

SE
16

51
5 

do
w

n-
10

76
10

 d
ow

n
La

ck
 o

f c
om

m
on

 in
 a

t l
ea

st 
3 

da
ta

se
t

M
ak

aw
ita

 e
t a

l. 
(2

01
3)

LY
V

E1
G

SE
16

51
5 

do
w

n-
46

23
4 

do
w

n
La

ck
 o

f c
om

m
on

 in
 a

t l
ea

st 
3 

da
ta

se
t

R
ad

on
 e

t a
l. 

(2
01

5)
eI

F1
, e

IF
2D

, e
IF

3C
 a

nd
 e

IF
6

G
SE

 1
54

71
-1

65
15

La
ck

 o
f c

om
m

on
 in

 a
t l

ea
st 

3 
da

ta
se

t
G

ol
ob

-S
ch

w
ar

zl
 e

t a
l. 

(2
02

0)
 a

nd
 G

oo
ne

se
ke

re
 

et
 a

l. 
(2

01
8)

TF
F1

 a
nd

 C
O

L6
A

3
G

SE
 1

54
71

 u
p-

 1
65

15
 u

p-
 4

62
34

 u
p

La
ck

 o
f s

ha
rin

g 
w

ith
 ta

rg
et

s o
f g

en
es

 a
ffe

ct
ed

 
by

 m
iR

N
A

s
R

ad
on

 e
t a

l. 
(2

01
5)

 a
nd

 S
vo

ro
no

s e
t a

l. 
(2

02
0)

G
PC

1,
 P

TP
R

M
, P

TP
R

B
 a

nd
 Y

A
P1

G
SE

 1
54

71
- 1

65
15

La
ck

 o
f s

ig
ni

fic
an

t l
og

FC
X

ia
o 

et
 a

l. 
(2

02
0)

, Z
ho

u 
et

 a
l. 

(2
02

0)
, M

an
tin

i 
et

 a
l. 

(2
02

0)
 a

nd
 S

ah
ni

 e
t a

l. 
(2

02
0)

PS
M

D
11

G
SE

15
47

1-
 1

65
15

-1
07

61
0

La
ck

 o
f s

ig
ni

fic
an

t l
og

FC
Sa

hn
i e

t a
l. 

(2
02

0)
PH

LP
P2

G
SE

46
23

4 
up

La
ck

 o
f c

om
m

on
 in

 a
t l

ea
st 

3 
da

ta
se

t
C

he
n 

et
 a

l. 
(2

02
0)

TN
FS

F9
G

SE
16

51
5

La
ck

 o
f s

ig
ni

fic
an

t l
og

FC
X

ia
o 

et
 a

l. 
(2

02
0)

, W
u 

et
 a

l. 
(2

02
0)

, G
oo

ne
se

ke
re

 
et

 a
l. 

(2
01

8)
 a

nd
 L

iu
 e

t a
l. 

(2
02

0)
M

C
M

2
G

SE
16

51
5u

p-
10

76
10

up
La

ck
 o

f c
om

m
on

 in
 a

t l
ea

st 
3 

da
ta

se
t

D
en

g 
et

 a
l. 

(2
02

0)
N

U
SA

P1
G

SE
15

47
1 

up
- 1

65
15

 u
p-

 1
07

61
0 

up
La

ck
 o

f s
ha

rin
g 

w
ith

 ta
rg

et
s o

f g
en

es
 a

ffe
ct

ed
 

by
 m

iR
N

A
s

D
U

SP
14

G
SE

10
76

10
- 1

5,
47

1
La

ck
 o

f s
ig

ni
fic

an
t l

og
FC

W
ei

 e
t a

l. 
(2

02
0)

PO
ST

N
 a

nd
 A

R
H

G
EF

15
G

SE
15

47
1 

up
-1

65
15

 u
p-

 4
62

34
 u

p
La

ck
 o

f s
ha

rin
g 

w
ith

 ta
rg

et
s o

f g
en

es
 a

ffe
ct

ed
 

by
 m

iR
N

A
s

Fu
ku

sh
im

a 
et

 a
l. 

(2
01

6)

K
RT

16
G

SE
16

51
5 

up
La

ck
 o

f c
om

m
on

 in
 a

t l
ea

st 
3 

da
ta

se
t

M
ao

 e
t a

l. 
(2

01
7)

BA
SP

1
G

SE
15

47
1 

up
 -1

65
15

 u
p

La
ck

 o
f c

om
m

on
 in

 a
t l

ea
st 

3 
da

ta
se

t
Zh

ou
 e

t a
l. 

(2
01

9)
 a

nd
 R

aj
am

an
i a

nd
 B

ha
si

n 
(2

01
6)

C
4B

PA
G

SE
15

47
1 

up
- 4

62
34

 u
p

La
ck

 o
f c

om
m

on
 in

 a
t l

ea
st 

3 
da

ta
se

t
So

ga
w

a 
et

 a
l. 

(2
01

6)
hs

a-
m

iR
-1

24
6

G
SE

 2
42

79
La

ck
 o

f c
om

m
on

 in
 2

 d
at

as
et

W
ei

 e
t a

l. 
(2

02
0)

hs
a-

m
iR

-7
, h

sa
-m

iR
-1

29
0,

 m
iR

-6
42

b-
3p

, 
hs

a-
m

iR
-1

24
6,

 m
iR

-1
96

a,
 m

iR
-2

10
 a

nd
 

m
iR

-1
25

a-
3p

G
SE

 7
15

33
La

ck
 o

f c
om

m
on

 in
 2

 d
at

as
et

Y
u 

et
 a

l. 
(2

01
7)

, S
ha

m
s e

t a
l. 

(2
02

0)
, Y

e 
et

 a
l. 

(2
02

0)
 a

nd
 W

ei
 e

t a
l.(

20
20

)

m
iR

-9
40

G
SE

 2
42

79
-7

15
33

La
ck

 o
f s

ig
ni

fic
an

t F
C

X
ie

 e
t a

l. 
(2

01
5)

 a
nd

 S
ha

m
s e

t a
l. 

(2
02

0)



1341

1 3

Biochemical Genetics (2021) 59:1326–1358	

Efforts to understand the relationships between miRNAs and genes in different 
diseases already have been performed by the analysis of microarray data. After a 
search in the GEO database with the related keywords, five datasets (GSE15471, 
GSE16515, GSE30134, GSE46234, and GSE107610) were collected for gene 
expression and two datasets (GSE71533 and GSE24279) for miRNA expression 
analysis (Table 3).

Genes and miRNAs showing significant increase (P value < 0.05 and logFC > 1) 
and decrease (P value < 0.05 and logFC < − 1) were identified as DEGs and differ-
ential expression miRNAs (DEMs) (Fig. 1). Finally, as shown in Figs. 2 and 3, we 
reached the 309 DEGs (59 down and 250 upregulated distributed in 3 databases) 
and 6 DEMs (hsa-miR-210 upregulated and hsa-miR-217, hsa-miR-216a, hsa-miR-
216b, hsa-miR-375, and hsa-miR-634 downregulated) (Fig. 3a, b). To increase the 
specificity and identify more genes, we performed further analysis with common 
miRNAs (43 numbers with P value < 0.05) in both datasets (Fig.  3c). They were 
submitted to the MirDIP database and 6006 genes were predicted for these miRNAs. 
The common genes between 309 (DEGs) and 6006 miRNA target genes were identi-
fied, which are shown in the Venn diagram. We ultimately obtained 109 mRNAs, 
of which 22 and 87 were down and upregulated respectively (Fig. 4). Unlike some 
previous studies and as it is shown in Fig. 1, there are some important criteria in 
our study such as presence in at least 3 datasets, over- or under-expression with P 
value < 0.05 and |logFC|> 1, the similarity with miRNAs targets, MCODE and sur-
vival analysis. These criteria have been caused to exclude many previously intro-
duced biomarkers like CA19-9, TFF1, COL6A3 and CEACAM1 from our further 
analysis (Table 2).  

Functional and Pathway Enrichment Analyses

To further understand the functions and mechanisms of the identified DEGs, 
functional and pathway enrichment studies have been performed, including 
GO and KEGG, with the EnrichR database. The GO term enrichment analysis 
showed that the upregulated genes were massively enriched in the biological 

Table 3   Five gene expression profiles and two miRNA expression profiles and their features

GEO dataset Platform Controls Tissue Years References

miRNA
 GSE24279 GPL10944 22 136 2012 Bauer et al. (2012)
 GSE71533 GPL18058 16 72 2017 Sandhu et al. (2016)

Genes
 GSE15471 GPL570 39 39 2009 Idichi et al. (2017) and Badea et al. (2008)
 GSE16515 GPL570 16 36 2009 Ellsworth et al. (2013) and Pei et al. (2009)
 GSE30134 GPL3985 9 15 2011 Tahira et al. (2011)
 GSE46234 GPL570 4 4 2017 Barrett et al. 2012)
 GSE107610 GPL15207 2 39 2018 Seino et al. (2018)
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Fig. 2   Venn diagrams represent the commonly down and upregulated genes (309 DEGs), among the five 
identified databases. a Downregulated DEGs in pancreatic cancer among the five datasets were recog-
nized via Venn diagrams, 59 genes were reported to be downregulated at least in three datasets. b Upreg-
ulated DEGs in pancreatic cancer among the five datasets, 250 genes were reported to be upregulated at 
least in three datasets

Fig. 3   Venn diagrams represent common miRNAs with different filters identified in the two datasets. a 
DEMs with P value less than 0.05 and logFC < − 1 were identified in both datasets. b DEM with P value 
less than 0.05 and logFC > 1 were identified in both datasets. c Common miRNAs with P value less than 
0.05 were identified in both datasets that were recognized via Venn diagrams
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process-associated group like extracellular matrix organization, collagen fibril 
organization, skeletal system development, regulation of cell migration, regula-
tion of cell proliferation, regulation of the apoptotic process, cellular response to 
cytokine stimulus, neutrophil degranulation and regulation of transcription, while 
the downregulated genes mainly involved in peptide metabolic process, cellular 
protein localization, cellular response to insulin stimulus and organonitrogen 
compound catabolic process (Table S1).

Also cell component analysis showed that the upregulated genes were enriched 
in the endoplasmic reticulum lumen, membrane rafts and tertiary granule, inte-
gral component of the plasma membrane, focal adhesion, and lysosome. The 
downregulation of the genes was mainly found in the integral component of the 
plasma membrane and endoplasmic reticulum-Golgi intermediate compartment 
(Table S2). Moreover, in terms of molecular function, the upregulated genes were 
enriched in platelet-derived growth factor binding, transcriptional activator activ-
ity, RNA polymerase II core promoter proximal region sequence-specific binding, 
collagen binding, kinase binding, peptidase activity, acting on l-amino acid pep-
tides, and transcription regulatory region sequence-specific DNA binding. The 
downregulated genes were enriched in zinc ion binding, metalloaminopeptidase 
activity, transition metal ion binding, protein homodimerization activity, and ami-
nopeptidase activity (Table S3).

Fig. 4   Venn diagrams shows common genes between 309 (DEGs) and 6006 (miRNA targets) genes were 
identified. Commonality between the miRNAs predicted targets (6006 genes) and common DEGs in at 
least 3 databases for down and upregulation genes (59 and 250 genes) which 22 and 87 genes were asso-
ciated with down and upregulated genes respectively. Finally, enrichment for these genes (22 down and 
87 up) was carried out with used EnrichR and their protein networks were constructed String database. 
Then, these protein networks were analyzed with MCODE in Cytoscape and the important genes were 
introduced
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Furthermore, the KEGG pathway analysis showed upregulated genes involved in 
ECM-receptor interaction, amoebiasis, Axon guidance, PI3K-Akt signaling path-
way, Focal adhesion Protein digestion and absorption, adherens junction, Platelet 
activation, and human papillomavirus infection. Downregulated genes involved in 
riboflavin metabolism (Table 4).

Analysis of PPI Network Modules

Up- and downregulated DEGs in pancreatic cancer were mapped via the STRING 
database with a PPI score > 0.4. Twenty-two nodes and one edge for downregulated 
genes (Fig. 5a) and 87 nodes and 134 edges for upregulated genes were constructed 
(Fig. 5b). MCODE analysis cannot be used for downregulated genes due to the lack 
of network, but such analysis was constructed for three networks (Fig. 6a–c) with 
different scores, which are detailed in Table 5. Seventeen genes had scores > 5 after 
the MCODE analysis.

Survival Analysis

After MCODE analysis, seventeen genes have been assessed in cluster 1 and 2 for 
pancreatic cancer survival (derived from 5 studies by cBioPortal database). As 
shown in Table  6, among all genes, seven upregulated genes (CDH11, COL5A1, 
DTL, ITGA2, KIF14, SMC4, and VCAN) significantly shortened the life expectancy 
(P < 0.05) (Fig. 7).

This significant difference can be due to five datasets related to pancreatic can-
cer, the sharing of genes in at least three datasets, and having other applied criteria 
in this study (Fig. 1). We analyzed the survival of five previously identified genes 
(TFF1, COL6A3, NUSAP1, POSTN, and ARHGEF15), which were removed in our 
latest filter. Nevertheless, they did not seem to have significant effects on patients’ 
survival length (log rank test P value > 0.05) (Fig. 8).

miRNA‑drug‑mRNA Network Construction

Our goal in constructing this network is to identify important genes that are affected 
by different drugs and miRNAs that may be used as new agents in future studies of 
pancreatic cancer.

As shown in Fig.  9, initially, interaction analysis showed that multiple drugs 
were introduced for 12 genes (RACGAP1, ITGA2, COL5A1, COL3A1, COL1A2, 
COL1A1, CDH11, CCNA2, VCAN, TGFBR1, SDC1, and RRM2). Then the 23 miR-
NAs associated with these genes were identified, among those, 12 miRNAs (hsa-
mir-107, hsa-mir-532-3p, hsa-mir-320a/b, hsa-mir-320c/d, hsa-mir-302e, hsa-mir-
342-3p, hsa-mir-375, hsa-mir-217, hsa-mir-429 and hsa-mir-125a-5p) affects at least 
two gene.
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Fig. 5   PPI networks of DEGs identified in pancreatic cancer status versus normal status. a Downregula-
tion of DEGs identified in at least three datasets and common with DEMs target gene, were used to con-
struct the PPI network. The lines between nodes represent the interactions between genes. b Upregulation 
of DEGs identified in at least three datasets and common with DEMs target gene. The color of each gene 
is determined based on the logFC. Guide for logFC are listed at the bottom right of the page
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Based on the figure, we found that Hsa-mir-107 and hsa-mir-125a-5p can regu-
late 6 genes in this network, that their common genes are COL5A1, CDH11, and 
TGFBR1. These two miRNA and three genes can be introduced as major miRNAs 
and genes of this network.

Fig. 6   Three PPI modules were extracted from the PPI network using MCODE in Cytoscape. PPI pro-
tein–protein interaction, DEGs differentially expressed genes, blue nodes indicate upregulated genes. The 
color of each gene is determined based on the logFC. Guide for logFC are listed at the bottom right of 
the page

Table 5   Three networks constructed with MCODE analysis for DEG identified in at least three datasets 
and common with DEMs target gene

Cluster Score Nodes Edges IDs

1 8 8 28 CEP55, DTL, SMC4, ANLN, KIF14, RACGAP1, CCNA2, RRM2
2 6.75 9 27 CDH11, ITGA2, COL3A1, SDC1, COL1A1, COL1A2, VCAN, 

TGFBR1, COL5A1
3 3.667 7 11 GOLM1, EFNA5, SEMA3C, ADAM10, EFNA1, APLP2, MET



1348	 Biochemical Genetics (2021) 59:1326–1358

1 3

Discussion

The microarray data analysis has been used in many studies on the different types of 
tumors to find the important gene, miRNA, and metabolic pathways (Tu et al. 2019). 
In general, the role of miRNAs and genes in carcinogenesis and cancer progression 
is well known, but their expression, function, and association with pancreatic can-
cer development are not yet fully investigated (Sun et al. 2017). Early detection of 
small cancers before the onset of metastasis is currently the only tools to signifi-
cantly improving resection, post-resection prognosis, and ultimately survival. How-
ever, not all available diagnostic tools and biomarkers for PDAC are able to detect 
early or preventive cancer and suffer from low specificity and sensitivity (Sharma 
et al. 2020).

In this study, we attempted to explore the interactions between genes, miRNAs, 
and important pathways in pancreatic cancer with the lowest filtration limitation and 
relatively high sample size through an accepted analysis method such as GEO2R. 
We identified the DTL, CDH11, COL5A1, ITGA2, KIF14, SMC4, and VCAN genes 
and hsa-mir-210, hsa-mir-217, hsa-mir-216a, hsa-mir-216b, hsa-mir-375, and hsa-
mir-634 miRNAs associated with pancreatic cancer. Consequently, we could intro-
duce the new potential biomarkers for this cancer.

One important gene is VCAN (belonging to the sulfate proteoglycans fam-
ily), which has been expressed in many malignancies, such as pancreas, gas-
tric, and prostate cancers. This gene often associated with poor prognosis 
(Barry et  al. 2013; Jiang et  al. 2019). In an integrated bioinformatics analysis 
for pancreatic ductal adenocarcinoma, some genes like MMP7, MMP1, COLA1, 
CDH11, COL3A1, ITGA2, and VCAN were introduced as hub genes. These may 

Table 6   Median months survival in patients with altered 7 genes expression

Gene symbol Cases with or without 
alteration(s) in query gene(s)

Number of 
cases, total

Number of cases, 
deceased

Median 
months 
survival

VCAN With 10 10 14.13
Without 359 189 20.35

SMC4 With 10 8 10.12
Without 359 191 20.19

KIF14 With 8 7 8.02
Without 361 192 20.19

ITGA2 With 3 2 4.73
Without 366 197 19.96

DTL With 8 7 4.73
Without 361 192 20.19

COL5A1 With 11 9 15.95
Without 358 190 20.34

CDH11 With 6 6 19.48
Without 363 193 20.34
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Fig. 7   Overall Survival Kaplan–Meier estimate of 7 genes in 1034 samples from TCGA datasets with term of 
Pancreatic Adenocarcinoma (TCGA, PanCancer Atlas), Pancreatic Adenocarcinoma (TCGA, Provisional), Pan-
creatic Cancer (UTSW, Nat Commun 2015), Pancreatic Adenocarcinoma (QCMG, Nature 2016) and Pancreatic 
Adenocarcinoma (ICGC, Nature 2012). Red line represents cases with alterations. Blue line represents cases 
without alterations (VCAN, P = 1.815e−3), (SMC4, P = 0.0146), (KIF14, P = 0.0161), (ITGA2, P = 6.090e−3), 
(DTL, P = 5.988e−5), (COL5A1, P = 0.0435), (CDH11, P = 0.0475)
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be potential targets for diagnosis, treatment, and prognostic prediction (Lu et al. 
2018). Two studies conducted in 2014 and 2019 have shown that S100A6 was sig-
nificantly upregulated in pancreatic carcinoma compared to normal tissues. They 
also showed that ITGA2 overexpression and hypomethylation of MET and ITGA2 

Fig. 8   Overall survival Kaplan–Meier estimate of five genes that were previously identified as pancreatic 
cancer biomarkers and they removed in our latest filter in 1034 samples from TCGA datasets with term 
of Pancreatic Adenocarcinoma (TCGA, PanCancer Atlas), Pancreatic Adenocarcinoma (TCGA, Provi-
sional), Pancreatic Cancer (UTSW, Nat Commun 2015), Pancreatic Adenocarcinoma (QCMG, Nature 
2016) and Pancreatic Adenocarcinoma (ICGC, Nature 2012). Red line represents cases with alterations. 
Blue line represents cases without alterations (COL6A3, P = 0.725), (POSTN, P = 0.209), (ARHGEF15, 
P = 0.368). TFF1 and NUSAP1 did not have enough information in this database

Fig. 9   Interaction network between the 17 gene from MCODE analysis (cluster one and two) and 43 
reported miRNAs. Circle represent genes, rectangle represent miRNAs and round rectangle show drugs. 
Each miRNA and gene is recognized by a specific color and miRNAs with yellow rectangles have targets 
of more than 2 genes. 23 of 43 miRNA and 147 related drugs were associated with 17 genes, then these 
drugs were inserted into the network and the final form was constructed
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were significantly associated with overall survival (Liu et al. 2019; Nones et al. 
2014).

In compliance with our results, a study conducted by Mingge Shang et al. (2019 
has shown an association between increased expression of six genes (KRT7, KRT19, 
SEMA3C, ITGA2, MYOF, and ANXA1) and their poor survival. PI3K-Akt, Focal 
adhesion and ECM-receptor interaction were also recognized as important path-
ways (Shang et  al. 2019). It is noteworthy that these results were based on other 
databases and smaller samples than our investigation. Ivane Abiatari et  al. (2009 
showed upregulation of kinesin family member 14 (KIF14) and Rho-GDP dissocia-
tion inhibitor beta (ARHGDIbeta) mRNA levels in patients with pancreatic cancer 
(Abiatari et al. 2009).

Song Ye in 2014 analyzed the GEO-derived pancreatic cancer microarray data 
with 60 cancer samples and 21 controls. Through investigating the association 
between genes and miRNAs, they identified different miRNAs and genes as impor-
tant elements in this cancer (Ye et al. 2014). In comparison to their study, the pre-
sent research includes a higher number of samples and a new data analysis method. 
miRNA-210 had a significant upregulation in both studies, while miR-217 and miR-
216a had a significant downregulation.

In agreement with our results, another study in 2014 on pancreatic cancer showed 
a significant increase in miR-210 and a significant decrease in miR-217, miR-216, 
and miR-375. Furthermore, our results showed a significant decrease in miR-216a 
and miR-634, but their expression has not been mentioned in that study (Ye et al. 
2014). This difference can be due to the number of samples and the type of data 
analysis methods.

High expressions of miR-196a and miR-210 were associated with poor survival 
(P-Value = 0.001 and P value = 0.003) (Yu et  al. 2017); however, miR-196a was 
excluded from our study due to lack of sharing between two miRNA datasets. miR-
216a may potentially serve as a novel tumor marker and prognostic factor for pan-
creatic cancer and miR-217 functions as a prognosis predictor and inhibits pancre-
atic cancer cell proliferation, invasion and promotes apoptosis via targeting E2F3.

The next miRNA showing a significant downregulation in our study was miR-
375. Previously, downregulation of this miRNA was demonstrated by in  vitro 
methods such as real-time PCR in pancreatic, glioma, and gastric cancers. The hsa-
miR-375 is associated with inhibition of migration and proliferation of pancreatic 
and glioma cancer cells via downregulating of RWDD3 gene (Ji et  al. 2020). Our 
mRNA–miRNA interaction network also demonstrated that the hsa‑miR‑375 can 
regulate the RACGAP1, TGFBR1, SMC4, VCAN genes. The RACGAP1 gene is one 
of the most important predictors of poor prognosis in the pancreas adenocarcinoma 
(Khalid et al. 2019). TGFBR1 has been involved in invasion, migration, angiogen-
esis, and tumorigenesis of pancreatic cancer cells and it is also active in cellular 
pathways such as TGF-β/SMAD (Gasparini-Junior et al. 2019; Zhou et al. 2018).

Ultimately the last miRNA that was examined in the present study was miR-
634, with a significant downregulation. This event has also been reported in dif-
ferent cancers (Gao et al. 2016; Fischer et al. 2001). Previous studies have already 
shown its anti-tumor role and promotive action in the apoptosis of cancer cells. 
The mRNA–miRNA interaction network showed that hsa‑miR-634 could regulate 
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COL3A1. Upregulation of the COL3A1 gene is directly associated with gliomas, 
renal cell carcinoma (RCC), and bladder malignancies growth, metastasis, progres-
sion, and prognosis (Su et  al. 2014; Shi and Tian 2019). It may be referred to as 
a diagnostic or therapeutic biomarker (Gao et  al. 2016). In general, the inconsist-
ency between the genes and miRNAs reported in the different system biology stud-
ies maybe depend on many factors such as the cancer type, the sample size, filtration 
approaches, and the procedures of data analysis.

These genes and miRNAs were found to be related to drug response. Inactivating 
mutations in both TGFBR1 and TGFBR2 have been observed in pancreatic carci-
noma and constitutively decreased TGFBR1 expression may have a decreased risk 
of pancreatic cancer by regulating factors such as TGF-β-mediated growth inhibi-
tion (Adrian et al. 2009). In agreement with our results, in human pancreatic can-
cer (PC) samples and 12 PC cell lines, an increase in TGFBR1 expression has been 
observed (Adrian et al. 2009; Fan et al. 2020). Yue Fan and et al. (2020) showed 
that TGFBR1, VTCN1, and LGALS9 were found to be associated with the worse 
outcomes of patients with PC. Also, they demonstrated, upregulation of TGFBR1 
was closely pertained to poor overall survival and significantly associated with the 
prognosis in PC (Fan et al. 2020).

Collagen type V (COL5) presents in most connective tissue matrix and plays a 
functional role in different cancers such as breast cancer (Barsky et al. 1982), colon 
cancer (Fischer et al. 2001), and pancreatic ductal adenocarcinoma (Berchtold et al. 
2015). Bioinformatic identification showed that COL5A1 may be a major factor 
in many types of cancers like breast cancer, gastric cancer, papillary thyroid car-
cinoma, ovarian cancer, oral squamous cell carcinoma, and lung adenocarcinoma. 
Also, overexpression of COL5A1 significantly correlates with the overall survival of 
patients with clear cell renal cell carcinoma (Feng et al. 2019).

CDH11 signaling may play an essential role in mediating the function of acti-
vated stellate cells, defining the fibrotic and inflammatory microenvironment in both 
pancreatitis and cancer. In agreement with our results, Cadherin-11 (Cad-11, also 
known as OB cadherin or CDH11) has shown upregulation in pancreatic cancer and 
involved in pancreatic stellate cells (PSCs) activation and pancreatic cancer metasta-
sis (Birtolo et al. 2017).

The miR-107 is abnormally expressed in several metastatic tumors like colorec-
tal, breast, gastric, liver, lung, bladder, and cervical cancer, and its upregulation con-
tributes to cancer progression and metastasis. Also, upregulation of miR-107 is asso-
ciated with poor clinicopathological parameters and prognosis in pancreatic ductal 
adenocarcinoma (PDAC) patients (Xiong et al. 2017). miR‐107 had been considered 
as an oncogene miRNA in gastric and liver cancer (Gong et al. 2019).

miR-125a-5p has been shown to play critical functions in human malignancies. 
miR-125a-5p acted as a tumor suppressor in various human malignancies, such as 
hepatocellular carcinoma, breast cancer, lung cancer, gastric cancer, and glioblas-
toma (Gao et  al. 2014). YANG and ZENG by integrating transcriptome analysis 
showed the upregulation of hsa-mir-125a-5p in miRNA–mRNA crosstalk in pan-
creatic cancer (Yang and Zeng 2015). Lichao Pan and et al. (2018) showed that the 
miR-125a by targeting mitofusin 2 (Mfn2), promotes apoptosis, metabolism disor-
der, and migration impairment in pancreatic cancer cells (Pan et al. 2018).
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Conclusion

The important genes and miRNAs introduced in this study, due to the significant 
change in expression in tumor and normal tissue and the effect on patient sur-
vival, can be more specific and sensitive than previous tests for pancreatic cancer 
and may be used alone or in combination with other tests for diagnosis or prog-
nosis. However, it is necessary for these identified genes and miRNAs to pass the 
experimental approvals later.

To the best of our knowledge, we attempted to identify DEGs using compre-
hensive bioinformatics evaluations and come up with potential biological markers 
to predict disease progression. After analysis, a total of 309 DEGs and 6 DEMs 
were screened with promising targets for pancreatic cancer treatment, manage-
ment, and prognosis, among which the DTL, CDH11, COL5A1, ITGA2, KIF14, 
SMC4, VCAN, hsa-mir-210, hsa-mir-217, hsa-mir-216a, hsa-mir-216b, hsa-
mir-375 and hsa-mir-634 had pivotal functions. Also, the wide relation of the hsa-
mir-107 and hsa-mir-125a-5p and COL5A1, CDH11 and TGFBR1 genes to drug 
response was represented in the miRNA-drug-mRNA network. These outcomes 
call for more organized researches to model exact aspects of gene networks in 
pancreatic cancer.
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