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Background: Pancreatic cancer (PC) is one of the most invasive and metastatic neoplasms among the fatal
malignancies of the digestive system. Abnormal expression of genes and long non-coding RNAs (IncRNAs)
are reportedly linked to multiple cancers. However, the IncRNA-mRNA expression profiles and their
molecular mechanisms in PC progression are poorly known. This study aimed to map the hub genes and
IncRNAs which might play core roles in the development of PC.

Methods: This study used microarray expression analysis to screen for both differentially expressed genes
(DEGs) and differentially expressed IncRNAs (DEIncRNAs) between PC and matched adjacent non-
tumor (AN) tissues. In order to clarify the functional classification of DEGs, we conducted GO and KEGG
pathway enrichment analyses via the Enrichr database. LncRNA-mRNA co-expressed networks were also
constructed to explore the probable core regulating DEGs and DEIncRNAs. Subsequently, the hub genes
and IncRINAs were validated via the ONCOMINE and GEPIA databases and the co-expressed networks.
Results: By analyzing an mRNA-IncRNA microarray, we identified 943 mRNAs and 1,138 IncRNAs
differentially expressed in PC tumors compared with the matched AN tissues. GO analysis confirmed that
both up-regulated and down-regulated DEGs were enriched in multiple terms. The KEGG pathways
enrichment analyses revealed that DEGs were mostly enriched in the focal adhesion and glutathione
metabolism pathways, amongst others. Co-expressed networks were established to reveal the differential
interactions between DEGs and DEIncRNAs, and to indicate the core regulatory factors located at the core
nodes of the co-expressed networks. The expression levels of potential core-regulating DEGs were validated
by the GEPIA and ONCOMINE databases, and the relationship between overall survival and tumor stage
and the potential core-regulating DEGs was analyzed using the GEPIA database. As a result, five genes and
sixteen IncRNAs were finally considered as the hub transcripts in PC.

Conclusions: This study identified DEGs and DEIncRNAs between PC tumors and matched AN tissues,
and these transcripts were connected with malignant phenotypes in PC through different BPs and signaling
pathways. Furthermore, five hub genes and sixteen IncRNAs were identified, which are expected to represent

candidate diagnostic biomarkers or potential therapeutic targets for PC.
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Introduction

Pancreatic cancer (PC) is one of the most aggressive human
digestive cancers and has an extremely poor prognosis,
demonstrating a S-year survival rate of only 10% (1).
Despite this, there has been little progress in the diagnosis
and treatment of PC in the past two decades. Due to the
lack of early symptoms and diagnosis, approximately 80%
of PC patients lose the opportunity to have radical surgery
because of the primary tumor’s invasion of the adjacent
organs or surrounding vital vessels, and many patients
exhibit extensive metastasis even at their first diagnosis (2).
In spite of continuing research, the mechanisms of PC
development remain unclear. Therefore, there is an
urgent need to explore the regulating mechanisms in PC
proliferation, invasion, and metastasis, and to identify novel
effective prognostic and therapeutic targets for PC.

Emerging evidence has confirmed that, in regard to hub
genes, many long non-coding RNAs (IncRNAs) may also
play core roles in PC (3-5) and other malignant phenotypes
of multiple tumors and could represent novel targets for
diagnosis and treatment (6-8).

In this study, we used an mRNA-IncRNA microarray
expression analysis to determine differentially expressed
genes (DEGs) and differentially expressed IncRNAs
(DEIncRNAs) in PC. To detect hub genes and hub
IncRNAs in PC, we utilized a bioinformatics approach to
analyze those DEGs and DEIncRNAs. Using the Enrichr
database, Gene Ontology (GO) analysis was conducted
for the functional annotation assessment, and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analysis was conducted for the enrichment assessment.
LncRNA-mRNA co-expressed networks were constructed
to explore the core regulating factors. The GEPIA and
ONCOMINE databases were then used to identify hub
genes which were associated with both overall survival and
tumor stage in PC. Ultimately, we found five hub genes
and sixteen hub IncRNAs that were strongly linked to the
development and progression of PC. In this study, we used
commercial microarrays and integrated bioinformatics

analysis to screen out hub DEGs and DEIncRNAs, which
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most of them never been reported before in PC. Different
from co-expressed networks conducted by online databases,
we established IncRNA-mRNA co-expressed networks in
PC and paired adjacent non-tumor samples also considering
their differential expressions, resulting a more convinced
result. Furthermore, via these bioinformatics analysis, we
map hub DEIncRNAs as potential ceRNAs of hub genes,
which can indicating our next experimental direction.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/gs-21-151).

Methods
Tissue samples

A total of five pairs of PC and paired adjacent non-tumor
(AN) samples were obtained from PC patients who received
surgery between 2012 and 2013 in the Department of
Pancreatic Surgery at Changhai Hospital, Second Military
Medical University, Shanghai, China. Among the PC
patients, three were male and two were female, aging from
46 to 72. None of the patients in this study had received
any neoadjuvant anti-tumor therapies. Two certified
pathologists confirmed all diagnoses, which were based on
pathological evidence. All samples were frozen immediately
in liquid nitrogen with a TRIzol reagent (Invitrogen) after
the tumor was removed surgically and were then transferred
to a =80 °C refrigerator until required.

This study was approved by the Ethics Committee
for Biomedical Research of the Second Military Medical
University. Informed consent was obtained from all patients
or their relatives. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013).

LncRNA-mRNA microarrays

The frozen PC samples were delivered to KangChen
Biotechnology Co. Ltd (Shanghai, China) for the mRNAs
and IncRNAs extraction, quantity testing, labeling and
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analysis. In order to profile both human mRNAs and
IncRNAs, the Arraystar Human mRNA-LncRNA Array
v2.0 was designed. Array images were screened and analyzed
using the Agilent Feature Extraction software (version
10.7.3.1), and acquired data was normalized and processed
by the GeneSpring GX v11.5.1 software package (Agilent
"Technologies). LncRNAs and mRNAs, which were flagged
as present or marginal in no less than half of the samples,
were identified for further analysis. DEIncRNAs and
DEGs between the PC tissues and matched AN samples
were confirmed through fold change filtering. Paired
t-tests were performed to compare the mean differences.
P-value/FDR and Volcano Plot filtering were used to
identify the statistical significance of the DEIncRNAs and
DEGs between the PC tissues and matched AN samples.
Hierarchical clustering analysis was conducted by the
Cluster 3.0 and JAVA Treeview software packages. P<0.05
and llog,FCI| >1 were considered statistically significant.

Enrichr database analysis

The Enrichr database (http://amp.pharm.mssm.edu/
Enrichr) was used to perform the GO functional annotation
and KEGG pathways enrichment analysis of the DEGs
(9,10). Biological process (BP), cellular component (CC),
and molecular function (MF) were included in the GO
functional annotation. The top ten enriched GO functional
annotations and KEGG pathways of DEGs were displayed
as images downloaded from web pages. P<0.05 was
considered statistically significant.

LncRNA-mRNA co-expressed network establishment

LncRNA-mRNA co-expressed networks in both PC and
AN tissues were constructed to detect the correlations
between DEGs and DEIncRNAs (11) according to their
normalized signal intensity of specific expression. The
Pearson correlation was calculated for each pair of mRNA-
IncRNA, mRNA-mRNA, and IncRNA-IncRNA (12). As
the simplest and most important measure of an mRNA or
IncRNA, indicating the centrality and relative importance
in a network, degree centrality is defined as the number
of associations one profile has with the others (13). Core
regulatory DEGs and DEIncRNAs are considered to
possess the greatest degree differences between the PC and
AN networks. Results were ranked by the absolute relative
degree value IDiffK| (relative degree value, PC-AN,
DiffK).
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ONCOMINE database analysis

The expressions of potential core genes were assessed in the
PC tissues compared to those in normal pancreatic tissues
in the ONCOMINE (https://www.oncomine.org/) datasets.
ONCOMINE is the world’s largest microarray database and
integrated data-mining platform of neoplasms at present.
P<0.05 was considered statistically significant.

GEPIA database analysis

The Gene Expression Profiling Interactive Analysis (GEPIA,
http://gepia.cancer-pku.cn/about.html) database is a newly
developed interactive web server for analyzing RNA
sequencing expression data of tumors and normal tissues
obtained from The Cancer Genome Atlas (TCGA) and
Genoytype-Tissue Expression (GTEx) databases. GEPIA now
contains a total of 9,736 tumors and 8,587 normal samples (14).
The GEPIA database was used to validate the expression levels
of significant DEGs in PC. Cut-off criteria were determined as
P<0.05 and |log,FCI >1. GEPIA was also used to identify the
relationship between DEGs expressing levels and PC patients’
pathological stages and overall survival. P<0.05 was considered
statistically significant.

Statistical analysis

Statistical analysis was done based on the online databases
respectively. In IncRNA-mRNA microarrays, paired t-tests
were performed to compare the mean differences. P-value/
FDR and Volcano Plot filtering were used to identify
the statistical significance of the DEIncRNAs and DEGs
between the PC tissues and matched AN samples. P<0.05
and llog,FCI >1 were considered statistically significant.

Results
Identification of DEGs and IncRNAs
To explore the DEGs and DEIncRNAs in PC, we had

previously collected five pairs of PC samples from patients
who had undergone surgery, and we used microarrays
to analyze the DEGs and DEIncRNAs between the PC
tissues and paired AN tissues. (GEO, http://www.ncbi.nlm.
nih.gov/geo/, ID: GSE101094). There were 943 mRNAs
differentially expressed, of which 501 were up-regulated and
442 were down-regulated (fold change >2, P<0.05, https://
cdn.amegroups.cn/static/public/10.21037gs-21-151-1.
xlsx). We confirmed that 1,138 IncRNA transcripts
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Figure 1 LncRNA and mRNA expression profile changes between pancreatic cancer tissues and matched adjacent non-tumor tissues.
Hierarchical clustering of DEIncRNAs (A) and DEGs (B) between PC tissues and matched AN tissues. Volcano plots of IncRNAs (C) and
mRNAs (D) expression levels between PC tissues and matched AN tissues. DEG, differendially expressed gene; DEIncRNA, differentially

expressed long non-coding RNA; PC, pancreatic cancer; AN, adjacent non-tumor.

were differentially expressed, comprising 470 up-
regulated and 668 down-regulated IncRNAs (fold
change >2, P<0.05, https://cdn.amegroups.cn/static/
public/10.21037gs-21-151-2.xlsx).

Hierarchical clustering analysis showed that the DEGs
and DEIncRNAs between the PC tissues and paired AN

© Gland Surgery. All rights reserved.

tissues were systematically variated (Figure 14,B). In
addition, volcano plots were constructed to identify the
DEG and DEIncRNA transcripts (Figure 1C,D). The results
suggested that the DEGs and DEIncRNAs were likely
representative and most probably played a role in regulating
the development of PC.
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GO annotation and KEGG pathway enrvichment analyses

"To determine the potential biological roles of the above 943
DEGs, we used the online Enrichr database to conduct the
GO annotation and KEGG pathway enrichment analyses.
The annotated results for the GO analyses contained three
parts: BP, MF, and CC. GO BP analysis revealed that the
top three significantly enriched terms of the up-regulated
DEGs were adrenal gland development (GO:0030325),
epithelial cell migration (GO:0010631), and peptide
hormone secretion (GO:0030072); the top three enriched
terms of the down-regulated DEGs were positive regulation
of MAPK cascade (GO:0043410), organic anion transport
(GO:0015711), and regulation of calcium ion transport
(GO:0051924). In the GO MF analysis, the 501 up-
regulated DEGs were mainly enriched in nuclear hormone
receptor binding (GO:0035257), transmembrane receptor
protein serine/threonine kinase binding (GO:0070696),
and cadherin binding (GO:0045296); the 442 down-
regulated DEGs were mainly enriched in sodium-
independent organic anion transmembrane transporter
activity (GO:0015347), organic anion transmembrane
transporter activity (GO:0008514), and G-protein coupled
photoreceptor activity (GO:0008020). In the GO CC
analysis, the up-regulated DEGs were mostly enriched
in focal adhesion (GO:0005925), the cytoplasmic vesicle
membrane (GO:0030659), and the endoplasmic reticulum
lumen (GO:0005788); the down-regulated DEGs
were mostly enriched in the integral component of the
plasma membrane (GO:0005887), the endocytic vesicle
(G0O:0030139), and the spanning component of the plasma
membrane (GO:0044214) (Figure 2A,B,C,D,E,F).

The top three markedly enriched KEGG pathways for
the 501 up-regulated DEGs were focal adhesion, human
papillomavirus infection, and dilated cardiomyopathy
(DCM); the 442 down-regulated DEGs were mostly
enriched in glutathione metabolism, purine metabolism,
and the PPAR signaling pathways (Figure 2G,H).

LncRNA-mRNA co-expressed network establishment and
bub gene identification

In order to locate the core regulatory factors, we
constructed IncRNA-mRNA co-expressed networks of PC
tissues and AN tissues (Figure 34,B, https://cdn.amegroups.
cn/static/public/10.21037gs-21-151-3 .xlsx, https://cdn.
amegroups.cn/static/public/10.21037gs-21-151-4.xlsx).
In a co-expressed network, core functional transcripts
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mostly have more relationships with other factors than
nonfunctional transcripts, and always have the largest
absolute relative degree values. Thus, mRNAs with
the top 100 largest absolute values of relative degree
differences between the PC and AN IncRNA-mRNA co-
expressed networks (https://cdn.amegroups.cn/static/
public/10.21037gs-21-151-5.xIsx) were selected as the
potential hub genes for further study.

We compared these transcriptional levels of genes in
PC tissues and normal pancreatic tissues by using the
ONCOMINE and GEPIA databases, and identified that
22 mRNA levels, among the top 100 genes confirmed
above, were significantly differentially expressed between
PC and normal tissues, with the same expressed trend in
our microarrays. They were SFTA2, SPG21, COLI7Al,
TM4SF4, PPP2RSE, NR2F2, HOXA13, GSTA2, GGTS,
C150rf57, PBX4, STOM, GJAI, RTN1, CHRAC1, TBRG4,
NVL, GMEBI, CLPTM1, CXorf56, GIMAP2, and
SERPINBY (Tubles 1,2, Figure 4). Among them, HOXA13
and NVL were only identified as differentially expressed
in the ONCOMINE database, and PPP2RSE, GSTA2,
CISorfs7, PBX4, CHRAC1, GMEB1, CLPTMI, and
CXorf56 were only confirmed to be differentially regulated
in the GEPIA database.

The relationship of bub genes with overall survival and
tumor stage

We next used the GEPIA database to study the association
between overall survival and the 22 genes identified above
by the median and quartile of their expression (Figure S1).
We noticed that high levels of SFT42 (median: P=0.0089,
HR =1.7; Quartile: P=0.00042, HR =3), SPG21 (median:
P=0.015, HR =1.7; quartile: P=0.00042, HR =1.7),
COL17A1 (median: P=0.00039, HR =2.1; quartile:
P=0.00052, HR =2.8), PPP2RSE (quartile: P=0.027, HR
=1.9), HOXA13 (median: P=0.007, HR =1.8), and CHRAC1
(quartile: P=0.027, HR =1.9) were associated with worse
overall survival in PC. Conversely, high levels of RTNI
(median: P=0.0039, HR =0.55; quartile: P=0.0024, HR
=0.41) and CLPTM1 (median: P=0.0081, HR =0.57;
quartile: P=0.013, HR =0.47) were linked with improved
overall survival in PC.

The GEPIA pathological stage plot analysis revealed
that the levels of SFTA2, COLI7A1, HOXAI3, PBX4,
RTN1, CHRACI, GMEBI, and CXorf56 varied significantly
according to the tumor stage of the PC (Figure S1).

As a result of these findings, we considered SFTA2,
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Figure 2 GO annotation and KEGG pathway enrichment analyses of DEGs between PC tissues and matched adjacent non-tumor tissues.
The top 10 enriched GO biological process (A,B), molecular function (C,D), and cellular component (E,F) terms, as well as KEGG
pathways (G,H). GO, gene ontology; KEGG, Kyoto encyclopedia of genes and genomes; DEG, differentially expressed gene.

COLI17A1, HOXAI13, RTNI, and CHRACI to be the hub
genes in PC, as their expression levels were associated with
both overall survival and tumor stage.

Identification of bub IncRNAs

In order to identify the potential core IncRNAs in PC,
we examined the co-expression correlations between

© Gland Surgery. All rights reserved.

DEIncRNAs and DEGs in both the PC and AN tissues.
We identified the IncRNAs with the most significant
correlations to the five hub genes identified above (Pearson
correlation coefficient >0.999, https://cdn.amegroups.
cn/static/public/10.21037gs-21-151-6.xlIsx). Of these
potential core IncRNAs, we then selected 16 IncRNAs
which were also within the top 100 largest absolute
value of degree differences in the IncRNA-mRNA co-
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Table 1 Significantly changed genes with the top 100 biggest absolute value of degree differences in the IncRNA-mRINA co-expressed network

Gene Style T_Degree T K N_Degree N_K DiffK(AT-BN) |DiffK|
SFTA2 Up 117 0.944 0 0.000 0.944 0.944
SPG21 Down 110 0.887 0 0.000 0.887 0.887
COL17A1 Up 115 0.927 5 0.041 0.886 0.886
TM4SF4 Up 13 0.105 113 0.934 -0.829 0.829
PPP2R5E Up 107 0.863 6 0.050 0.813 0.813
NR2F2 Up 103 0.831 3 0.025 0.806 0.806
HOXA13 Up 0 0.000 96 0.793 -0.793 0.793
GSTA2 Down 0 0.000 96 0.793 -0.793 0.793
GGT5 Up 0 0.000 95 0.785 -0.785 0.785
C150rf57 Up 0 0.000 95 0.785 -0.785 0.785
PBX4 Up 1 0.008 95 0.785 -0.777 0.777
STOM Up 0 0.000 94 0.777 -0.777 0.777
GJAT Up 0 0.000 94 0.777 -0.777 0.777
RTN1 Up 3 0.024 96 0.793 -0.769 0.769
CHRACT1 Up 2 0.016 95 0.785 -0.769 0.769
TBRG4 Up 0 0.000 93 0.769 -0.769 0.769
NVL Up 0 0.000 93 0.769 -0.769 0.769
GMEB1 Up 0 0.000 93 0.769 -0.769 0.769
CLPTM1 Up 0 0.000 93 0.769 -0.769 0.769
CXorf56 Up 0 0.000 93 0.769 -0.769 0.769
GIMAP2 Up 0 0.000 93 0.769 -0.769 0.769
SERPINB9 Up 3 0.024 95 0.785 -0.761 0.761

expressed network (https://cdn.amegroups.cn/static/
public/10.21037gs-21-151-7 xIsx). As a result, we identified
AL109748.6, AC125792.1, CTD-2292M14.1, AK027298,
AK094441, BC084573, RP11-288L9.1, AC012005.5,
NR_002827, NR_024058, NR_024427, AK056486, RP11-
312H15.3, AC006427.3, BC035067, and CTD-20661.21.3
as the hub IncRNAs in PC (Tiable 3).

Discussion

PC is one of the most life-threatening diseases in the world.
In recent decades significant advances have been made in
understanding the molecular mechanisms of PC and in
improving treatment, but to date no sensitive biomarker
has been identified that could assist with early diagnosis
or provide an effective target for drug therapy, and the

© Gland Surgery. All rights reserved.

mortality rate remains close to 100% (21). Therefore, the
identification of new factors underlying PC development
and novel individualized therapeutic targets are urgently
needed for PC patents.

In the present study, we used commercial microarrays
to screen out DEGs and DEIncRNAs between human PC
and paired AN tissues. Subsequent bioinformatics analyses
were performed to identify the hub genes and hub IncRNAs
correlated with PC. As a result, 943 DEGs and 1,138
DEIncRNAs were identified. KEGG enrichment analysis
revealed that focal adhesion was the most significantly
enriched pathway for 501 up-regulated DEGs, and
glutathione metabolism was the most significantly enriched
pathway for 442 down-regulated DEGs. In cell biology,
focal adhesions create combinatorial signaling complexes
and mediate the actin-integrin function to regulate cellular
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Table 2 The expression of significantly changed potential hub genes in pancreatic cancer (ONCOMINE)

Gene ID Fold Change P value t-test References
SFTA2 8.818 1.36E-9 7.520 Pei Pancreas (15)
3.531 5.46E-9 6.934 Badea Pancreas (16)

SPG21 2.512 0.002 4.087 lacobuzio-Donahue Pancreas 2 (17)
COL17A1 12.996 1.17E-6 8.230 lacobuzio-Donahue Pancreas 2 (17)
5.813 1.17E-9 7.269 Pei Pancreas (15)

TM4SF4 2.944 0.007 2.798 lacobuzio-Donahue Pancreas 2 (17)

NR2F2 2174 1.46E-8 6.417 Badea Pancreas (16)
HOXA13 2.881 0.042 1.824 Grutzmann Pancreas (18)
GGT5 2.268 1.99E-13 9.039 Badea Pancreas (16)
STOM 2.936 6.65E-5 5.826 Segara Pancreas (19)
GJA1T 4.055 0.001 3.676 Segara Pancreas (19)
3.495 7.53E-9 6.796 Badea Pancreas (16)
RTN1 2.298 0.001 4.784 Logsdon Pancreas (20)
TBRG4 2.837 0.004 3.923 lacobuzio-Donahue Pancreas 2 (17)
NVL 2.148 0.035 1.950 Grutzmann Pancreas (18)
GIMAP2 3.024 4.80E-4 4.873 lacobuzio-Donahue Pancreas 2 (17)
SERPINB9 3.012 5.10E-6 6.499 Segara Pancreas (19)

behaviors such as cell motility, proliferation, differentiation,
survival, and regulation of gene expression (22,23). Thus,
increased activation of focal adhesions is closely associated
with tumor metastasis and clinical prognosis, especially
in PC. Shi et al. found that loss of linc01060 could induce
PC invasion and metastasis through a vinculin-mediated
focal adhesion turnover (24). Ennajdaoui ez 4/. identified
that IGF2BP3 could alter the focal adhesion junction and
promote PC cell invasiveness (25). Focal adhesion kinase
(FAK) is known to be a scaffolding protein and an integral
component of focal adhesions. Furuyama er a/l. suggested
that FAK was upregulated in PC and was correlated with the
size of PC (26). Moreover, glutathione is a vital intracellular
antioxidant. Enzymes of glutathione metabolism have been
found to be mediated by oncogenic Kras in PC resulting in
a dysregulation of PC growth both in vitro and in vive (27).
Chio er al. found that AKT signaling inhibition and
glutathione synthesis could prolong the survival of PC cells,
suggesting a prospective target for therapy (28). As a result,
it would appear that both focal adhesion and glutathione
metabolism are essential pathways in PC progression, as
we have identified with DEGs in PC via microarray and

© Gland Surgery. All rights reserved.

KEGG pathway enrichment analyses.

Based on the IncRNA-mRNA co-expressed network,
we confirmed SFTA2, COL17A1, HOXAI13, RTNI, and
CHRACI as the hub genes in PC, and their expression
levels were associated with both overall survival and tumor
stage, verified by the ONCOMINE and GEPIA databases.
Previous studies have reported that SFT42 (surfactant-
associated 2), which is a member of the surfactant protein
family, assembles innate immune responses in the central
nervous system and lung tissues (29,30). It was also identified
as a core regulating gene related to carcinogenesis and
prognosis in colorectal cancer (31,32). However, its detailed
mechanism is still unclear. COL17A41 (collagen type XVII
alpha 1 chain), a collagen family member, maintains an
integral part of the hemidesmosome structure. It was
established as a novel gene upregulated in a dog bladder
cancer organoid culture (33) and has been shown to be
increased in multiple neoplasms, such as ovarian cancer,
breast cancer, and lung cancer (34,35). COL17A1 was also
identified as a p53 downstreaming transcriptional target
in breast tissues that inhibits cell migration and invasion
and is associated with better prognosis (36). Moreover,

Gland Surg 2021;10(3):1104-1117 | http://dx.doi.org/10.21037/gs-21-151



Gland Surgery, Vol 10, No 3 March 2021 1113

Transcripts per million (TPM)

Figure 4 The expression of significantly changed potential hub genes in pancreatic cancer analyzed by the GEPIA databases.

Table 3 The interaction between hub genes and their relative this gene was linked to overall survival and classic AJCC
IncRNAs in the IncRNA-mRNA co-expressed network staging of PC patients in TCGA and the STRING online
Hub genes Relative INcRNAs Interaction tool and external validation datasets (37,38). HOXAI3 is a
HOXA13 AL109748.6 0.999981753 member of the homeobox A cluster (HOXA) gene family
AC125792.1 0.999957999 with prognostic significance and is involved in a wide range
of biological functions in human cancers such as esophageal
CTD-2292M14.1 0.999789742 .
squamous cell carcinoma, laryngeal squamous cell cancer,
AK027298 0.999586913 ovarian cancer, prostate cancer, and gastric cancer (39-43).
AK094441 0.999319273 It has also been shown to promote PC progression and
RTN1 AK027298 0.999999997 gemcitabine resistance via a HOTTIP-HOXAI3 axis
AK094441 0.999967344 route (44). RTNI (reticulon 1) belongs to the reticulon-
encoding gene family and is considered as a specific marker
BC0845T3 0.999820382 and potential therapeutic target for non-small-cell lung
RP11-288L9.1 0.999755758 cancers, colorectal cancer, and prostate cancer (45-48).
AL109748.6 0.999740607 CHRAC! (Chromatin Accessibility Complex Subunit 1) is
AC012005.5 0.999677021 a histone-fold protein-encoding gene, functioning in DNA
transcription, replication, and packaging as a sequence-
NR_002827 0.999568209 . .- . .
specific DNA binding component, and associated with
NR_024058 0.999496232 survival progression among breast cancer patients (49,50).
NR_024427 0.999347951 However, little is known of the mechanisms of these five
AK056486 0.99929493 novel hub genes in PC, and, to the best of our knowledge,
CHRACT AKO56486 0.9999996 SFTA2, RTNI1, and CHRACI have not previously been
reported in PC.
RP11-312H15.3 0-999999069 In order to comprehensively analyze the functions of
NR_024427 0.999997277 DEIncRNAs in the development and progression of PC
AC006427.3 0.999992174 and their status in the PC-regulating network, we mapped
BC035067 0.999981174 DEIncRNAs in the IncRNA-mRNA co-expressed network
NR 024058 0.999977522 of PC and AN tissues. A variety of interactions among DEGs
- and DEIncRNAs were obtained. We identified hub IncRNAs
CTD-20661.21.3 0999970842 with the largest absolute value of degree differences in a co-
NR_002827 0.999958957 expressed network, and with the most significant correlation
AC012005.5 0.99991509 with the five novel hub genes identified above. As a result, we
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confirmed 16 hub IncRNAs in PC, which were ALL109748.6,
AC125792.1, CTD-2292M14.1, AK027298, AK094441,
BC084573, RP11-2881.9.1, AC012005.5, NR_002827,
NR_024058, NR_024427, AK056486, RP11-312H15.3,
AC006427.3, BC035067, and CTD-20661.21.3. Few functdons
and mechanisms of these hub IncRNAs have been known
to us in human diseases. Among them, AK056486 has been
reported down-regulated in lesional skin biopsies compared
to non-lesional ones (51). RP11-288L.9.4 can regulate HCV
antibiral innate immunity via JAK-STAT signaling pathway (52).
However, RP11-288L.9.1 is still unclear currently.

As IncRNAs have been reported to work as ceRNAs
in regulating the expression and function of genes, 16
hub IncRNAs were also indicated as ceRNAs with their
correlated hub genes. As most of these hub IncRINAs have
not been reported in PC before, additional experimental
and clinical validation is required to support our findings.

Currently, the targeted treatment for pancreatic cancer
and the study of its microenvironment is still at the
early stage. As in in the newest NCCN clinical practice
guideline of pancreatic adenocarcinoma, olaparib has
been recommended for patients with germline BRCA1/2
mutations, pembrolizumab has been recommended for
MSI-H or dMMR tumors, larotrectinib and Entrectinib
could been used if NTRK gene fusion positive in pancreatic
cancer patients during metastatic stage as the first-line
therapy (53). However, the positive rate of sequencing is
quite low as far as our clinical experience in Chinses patients.
On the other aspect, the effects of immunotherapies, such as
CTLA-4 monoclonal antibody, CAR-T therapy and tumor
vaccine, are still unsatisfactory in pancreatic cancer (54-56).
As a result, further studies for the core factors in pancreatic
cancer development and progression are urgently needed to
develop newly therapies and diagnostic targets.

In summary, using an mRNA-IncRNA microarray assay
of PC and paired AN tissues and integrated bioinformatics
analysis, we identified DEGs and DEIncRNAs in PC and
constructed mRNA-IncRNA co-expressed regulatory
networks. We further indicated five novel hub genes and
sixteen novel related hub IncRNAs with potentially significant
predictive and therapeutic values in PC. Further clinical
studies with larger sample sizes, together with experimental
studies focused on the detailed molecular mechanisms
involved, are needed to validate the present findings.
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Supplementary

Figure S1 Overall survival and pathological stage plot analysis of the 22 significantly changed potential hub genes in pancreatic cancer
patients. Data are presented as the hazard ratio (HR) with a 95% confidence interval. Log-rank P<0.05 was considered statistically significant

in overall survival analysis. Pr(>F) <0.05 was considered statistically significant in pathological stage plot analysis.
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