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Abstract

Background: Pancreatic cancer (PC) is an exceedingly malignant ailment that is not only characterized by its
insidious onset and rapid progression but also by its poor therapeutic effects. Recently, emerging evidence has
shed light on the significant role that non-coding RNAs (ncRNAs), particularly long ncRNAs (IncRINAs) and
microRNAs (miRNAs), play in the pathogenesis of PC. This investigation aimed to construct a network of
interactions between miRNAs, IncRNAs, and mRNAs, as well as to perform correlation analyses in the con-
text of PC.

Methods: This study carried out in Kerman City, southeastern Iran in 2023. We utilized the GSE119794 da-
taset from the Gene Expression Omnibus (GEO) to analyze differentially expressed IncRNAs (DE-
IncRNAs), miRNAs (DE-miRNAs), and mRNAs (DE-mRNAs). Following the identification of the DE-
IncRNAs, DE-mRNAs, and DE-miRNAs, we proceeded to examine differentially expressed epithelial-
mesenchymal transition (EMT) genes. Subsequently, we utilized the RNAInter database to predict interac-
tions among IncRINAs, miRNAs, and mRNAs. Finally, we employed Cytoscape to visualize and analyze the
constructed network.

Results: 14 DE-IncRNAs, 14 DE-miRNAs, 545 DE-mRNAs, and 65 DE-EMT from pancreatic cancer and
its adjacent tissue RNA-Seq data were identified. 1184 EMT genes from dbEMT were obtained, among which
65 DE-EMT were assigned as EMT genes and correlated with tumor progression. One functional IncRNA
(UCAT) was identified as a key functional IncRNA. The atea under the ROC curve (AUC) of UCAT and
miR-708-5p were 0.79 and 0.86, respectively. Thus, it is reasonable to believe that this prognostic risk model
helps predict PC metastasis.

Conclusion: UCAT is a new IncRNA linked with EMT in PC and contributes to a better knowledge of the
regulatory mechanisms related to IncRNAs in PC.

Keywords: Pancreatic cancer; Long noncoding RNA (IncRNA); Epithelial-mesenchymal transition (EMT);
Biomarker
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Introduction

Pancreatic cancer (PC) prevalence and mortality
have increased rapidly in recent decades (1). Fur-
thermore, PC will continue to be the leading
cause of cancer-related deaths (2). Most deadly
pancreatic malignancies are characterized as pan-
creatic ductal adenocarcinoma (PDAC) (3). Un-
fortunately, the survival rate after five years is less
than 5% (4), and the prognosis for this cancer
type remains poor (5). Unlike other gastrointesti-
nal cancers, there is little evidence for PDAC risk
factors, which can only be detected in 40% of
cases (0).

A crucial factor influencing pancreatic tumor cell
invasion and metastasis is the EMT process de-
fined as the transformation of epithelial into
mesenchymal cells (7). EMT allows the tumor-
generating cells to develop the characteristics of
highly malignant cells, including motility, inva-
siveness, and distant metastases, eventually lead-
ing to inadequate drug delivery (8, 9).

Two regulatory non-coding RNAs (ncRNAs),
named microRNAs (miRNAs) and long non-
coding RNAs (IncRNAs), play an essential role in
cell biological processes (10). MiRNAs, which
have a length of 18 to 24 nucleotides, are in-
volved in controlling the expression of many
genes through their complementarity with the
target mRNA sequences and accelerating their
target degradation or preventing translation at the
post-transcriptional level. MiRNAs affect a varie-
ty of physiological and neoplastic processes, such
as cell proliferation, migration, invasion, metasta-
sis, and EMT (11, 12). LncRNAs are defined as
non-coding RNAs with more than 200 nucleo-
tides in length. They exhibit a variety of biologi-
cal roles in normal cell proliferation and differen-
tiation through sponging miRNAs, thereby inhib-
iting the degradation of mRNAs targeted by
miRNAs (13, 14). Similar to other malignancies,
pancreatic cancer can develop because of ectopic
expression of genes and regulatory RNAs (15).
Remarkably, the deregulation of IncRNAs and
miRNA expression has been implicated in help-
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ing the initiation and progression of PDAC (13,
16). According to previous studies, cross-
regulation between IncRNAs and miRNAs plays
an important role in cancer metastasis and EMT
mechanisms (17, 18). Despite this, little research
has been done on the miRNA-IncRNA-mRNA
network and the development of PC. As a valua-
ble method for identifying the transcriptomes of
cancer tissues, RNA sequencing is being utilized
to facilitate biomarker discovery and develop ap-
proaches for early detection and improved thera-
pies (19).

In this study, we performed an analysis of the
RNA expression profiles in PDAC from the
Gene Expression Omnibus (GEO) database to
screen the differentially expressed IncRNAs,
miRNAs, and mRNAs that are related to PDAC
and construct a miRNA-IncRNA-mRNA net-
work by combining bioinformatics and correla-
tion analyses.

Methods

Data collection and Gene expression analysis
This study conducted in 2023 in Kerman, south-
eastern Iran. We downloaded the human expres-
sion profiles of PC from NCBI-GEO
(https:/ /www.ncbi.nlm.nih.gov/gds), derived
from research carried out by Jie Linet al. (20).
The human expression profiles of PC have the
accession number GSE119794. The expression
data contained mRNA, IncRNA, and miRNA
expression profiles, respectively. The samples
were taken from the tumor tissue and the non-
tumour tissue adjacent to it from 10 individuals
with PC. The GPL11154 Illumina HiSeq 2000
(Homo sapiens) was the RNA-seq platform that
was utilized to analyze this data.

Identification of differentially expressed Genes
(DEGs)

All differentially expressed genes (DEGs) were
discovered with the DESeq2 R package in Bio-
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conductor. DESeq2 employs the mean expres-
sion intensity of every gene, considering all sam-
ples, as its filtering criterion, and it excludes all
genes with mean normalized counts below a giv-
en filtering threshold from multiple testing ad-
justments. DESeq2 will automatically select a
threshold that optimizes the count of genes iden-
tified at a user-specified objective. This package
was used to mine statistically significant DEGs
based on the difference in expression values be-
tween tumor and normal samples to investigate
DEGs between adjacent normal tissue and tumor
groups. In other words, DEGs were identified as
significantly different between tumor and normal
samples, including IncRNAs (DEIncRNAs),
mRNAs (DEmRNAs), and miRNAs
(DEmiRNAs). A log fold change of |1| and an
adjusted p-value threshold of 0.05 were used to
define significant differential expression (21). The
normalized matrix and clustering plots were
placed in the supplementary file 1.

Identification of differentially expressed EMT
genes (DE-EMT genes)

The dbEMT 2.0 database, accessed at
http://www.dbemt.bioinfo-minzhao.org/,  was
used to retrieve the EMT genes. We obtained all
of the human EMT genes associated with EMT
using the dbEMT database (22). The DEGs
(DEIncRNAs and DEmRNAs) that were deter-
mined by expression analysis and the EMT genes
that were gathered were compared with the help
of the Venny 21 tool (found at
https://bioinfogp.cnb.csic.es/tools/venny/). Fi-
nally, we determined DE-EMT genes as /sz @ in
this study.

Identification of DE-EMT genes for each
DEm:RNA

RNAInter (RNA Interactome Database) is a
web-based tool that promotes the formation of
the interactome and expands our understanding
of the biological activities and molecular process-
es of RNA, some interactions such as RNA—
RNA, RNA—protein, and RNA-
DNA/compound interactions in RNAInter (23).
We chose categories related to miRNA, species
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belonging to Homo sapiens, interaction type re-
lating to RNA-RNA interaction, detection meth-
od according to computational prediction, and
confidence score interval ranging between 0.1
and 1, respectively. Based on the mentioned set-
ting, we obtained all RNAs (list §) as interactors
with DEmiRNAs in this study. Therefore, to de-
duce commonalities, the final list was obtained
from /st @ across the /ist f by Venny 2.1. There-
fore, the final list (/57 w) contains DE-EMT genes
targeted by DEmiRNAs. Some DEmiRNAs did
not interact, so they were not considered in the
study's continuation. Finally, IncRNA-miRNA-
mRNA networks were constructed by Cytoscape
3.9.1 software.

Gene Set Envichment Analysis (GSEA)

The Gene Set Enrichment Analysis (GSEA) pro-
vides insight into biological function, including
pathways and gene ontologies (GO) in clouding:
biological process (BP), cellular component (CC),
and molecular function (MF). GO, and pathway
enrichment analysis of /s @ was conducted using
the ToppGene database
(https:/ /toppgene.cchmc.org/), GOplot and
clusterProfiler packages in R software with
P.adjust <0.05.

Validation of genes: (Receiver operating charac-
teristic) ROC analysis

To survey the diagnostic value of the expression
of selected IncRNA and miRNA in PC individu-
als relative to healthy persons was utilized of the
receiver operating characteristic (ROC) analysis.
The area under the ROC curve (AUC) was com-
puted to contrast the diagnostic value of the can-
didate genes. Roc analysis in the significance level
of 0.05 (P<0.05) and the 95% confidence interval
(95%CI) was statistically significant. This statisti-
cal analysis was conducted using the GraphPad
Prism implement (version 9.1.0).

Validation of list » and its related miRNAs and
IncRNA

To validate the differentially expressed genes in
this study, we analyzed an independent compre-
hensive PC dataset obtained from the microarray
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method. This dataset encompassed the same ex-
perimental conditions as our study, investigating
miRNA, mRNA, and IncRNA. The analysis was
performed using the limma package in the R pro-
gramming language. Genes with an absolute log2
transformed fold change (log2FC) value greater
than or equal to 1 and an adjusted p-value less
than or equal to 0.05 were considered significant-
ly differentially expressed genes. Finally, we com-
pared the /st w, miRNAs and UCAT that partici-
pated as upstream regulators in our study.

Results

Identification of DEmiRNAs, DEmRNAs and
DEIncRNAs

We summarized the analysis pipeline in Fig. 1.
One RNA-Seq dataset (GSE119794) was used in
this study. We identified 14 DEmiRNAs (11 up-
regulated & 3 down-regulated), 14 DEIncRNAs
(11 up-regulated & 3 down-regulated) and 545
(412 up-regulated & 133 down-regulated)
DEmRNAs by comparing the tumor groups
(n=10) with the adjacent normal (n=10) tissue
group using the DeSeq2 package (Supplementary
File 1).

GPL11154

All RNAs
that targeted
by DEmiRNAs

(list y)

Network construction
by
Cytoscape

protein coding)

dbEMT 2

EMT genes
(IncRNAs and

GSEA by
ToppGene database
and

GOplot package

Fig. 1: The study's schematic flowchart for finding EMT biomarkers in pancreatic cancer
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Identification of DE-EMT genes

We obtained 1184 EMT genes from dbEMT. To
get DE-EMT contains DEIncRNA and DEmR-
NA, we compared 1034 EMT and DEIncRNAs
and DEmRNAs. Finally, this study assigned 65
DE-EMT (listd) as EMT genes.

Finding DE-EMT for each DEmiRNAs

By RNAInter, we determined DE-EMT that in-
teract with DEmiRNAs. Among 17 DEmiRNAs,
only 11 DEmiRNAs (miR-509-3p, miR-708-5p,
miR-205-5p, miR-135b-5p, miR-221-3p, miR-

ECT2

77  miR2ziap @
o MSTIR

iNPP4a

4443, miR-210-5p, miR-31-5p, miR-210-3p, miR-
4521 and miR-139-5p) interact with DE-EMT
based on computational prediction (Supplemen-
tary File 2). After conformation between ob-
tained RNAs (4t f) from RNAlInter with DE-
EMT (/isrq), we got the final list (/st w: including
one IncRNA (UCAT) and 38 protein-coding
genes) which are DE-EMT that interact with
DEmiRNAs. Finally, miRNA-mRNA-IncRNA
interactions were constructed by Cytoscape 2.9.2.

(Fig. 2).

ENO1

 miR7085p @ | @b

Fig. 2: Networks were constructed between DEmiRNAs and DE-EMT. The diamonds represent DEmiRNAs. The
hexagon represents IncRNA. Red and blue color spectrum circles represent up & down-regulated mRNAs, respec-

Gene Ontology (GO) and pathway enrichment
analysis of list

The bar and chord plots were utilized to find the
enriched GO and KEGG pathways with P adjust
<0.05 respectively. In GO analysis, cell-matrix
adhesion, cell adhesion mediated by integrin, re-
sponse to hypoxia, response to decreased oxygen
levels, and cell chemotaxisis were most prevalent

1663

in the BP category. In CC, protein complex in-
volved in cell adhesion, integrin complex, basal
part of cell, basal plasma membrane and apico-
lateral plasma membrane were more enriched.
Moreover, integrin binding, laminin binding, cy-
tokine activity, chemokine activity and extracellu-
lar matrix binding were of most noteworthy im-
portance in the field of MF. (Fig. 3A). Besides,
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KEGG pathway analysis indicated that ECM- Pathways in cancer, Dilated cardiomyopathy,
receptor interaction, Rheumatoid arthritis, Ar- HIF-1 signaling pathway and Focal adhesion
rhythmogenic right ventricular cardiomyopathy were more significant (Supplementary File 3)
(ARVC), Hypertrophic cardiomyopathy (HCM), (Fig. 3B).
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Fig. 3: GO (A) and KEGG pathway (B) enrichment analysis of list o
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ROC analysis

ROC analysis was employed to evaluate the accu-
racy of the selected genes forecast. ROC curves
and AUC values were used to compare the diag-
nostic values of selected IncRNA and miRNA
(Fig. 4 and Supplementary File 4). According to

the ROC analysis, the diagnostic value of all
genes was high; AUC is equal to 0.79, 0.86, and
0.88 for UCAT, miR-708-5p and miR-135b-5p,
respectively, showing the expression levels of
these genes have significant diagnostic values.

1.0-
’_| — miR-135b-5p
0.8- ‘ J — UCA1
| | — miR-708-5p
206 —
> |
= ||
c
¢ 0.4=
0.2
00 | 1 1 | 1
00 02 04 06 08 1.0
1 - Specificity

Fig. 4: ROC curves for UCAT, miR-708-5p and miR-135b-5p, the computed area under the curve AUC >0.7, P<

Validation of list ® and its related miRNAs and
IncRNA

We selected the study GSE41372, which had two
platforms. The first platform was GPL6244
(Affymetrix Human Gene 1.0 ST Array [tran-
script (gene)]), and the second platform was
GPL16142 (NanoString nCounter Human miR-
NA assay [v1]). This study comprised 30 samples:
12 samples (6 normal and 6 tumor samples) for
mRNA and IncRNA analysis, and 18 samples (9
normal and 9 tumor samples) for miRNA analy-
sis. After analysis, we obtained the results and
compared them with the final results of the cur-
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0.05.

rent study. UCA7 was also significantly up-
regulated in both studies. Additionally, we com-
pared the list of 38 genes involved in the EMT
process from list w with the significant genes of
the study using the online tool Venn Diagram.
Half of the list w was confirmed (Fig. 5A). Fur-
thermore, we examined the 11 miRNAs related
to our final network and found that 4 miRNAs
overlapped with this study (Fig. 5B). An interest-
ing point was miR-135b-5p; which was the most
significantly up-regulated miRNA in the study of
interest.
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GSE41372 list ®

DEmiRNAs

GSE41372

Fig. 5: We compared the list of 38 genes involved in the EMT process from the list © (A) and miRNAs
related to the final network (B) with the significant genes of the GSE41372 study

Discussion

The findings of this investigation unveiled the
distinctive manifestation of long non-coding
RNAs (IncRNAs), mictcoRNAs (miRNAs), mes-
senger RNAs (mRNAs), and EMT genes in pan-
creatic cancer (PC) and surrounding tissue. Addi-
tionally, a previously unidentified IncRNA
(UCAT) was detected, which exhibits a correla-
tion with the EMT process in PC. Consequently,
comprehending the molecular mechanisms that
underlie the EMT phenomenon in PC is of ut-
most importance in the advancement of effective
methods for diagnosing and treating medical
conditions.

To scrutinize the expression patterns of
IncRNAs, miRNAs, mRNAs, and EMT genes in
PC and surrounding tissue samples, RNA se-
quencing (RNA-seq) and bioinformatics tech-
niques were employed in this study. The area un-
der the receiver operating characteristic (ROC)
curve (AUC) for UCAT and hsa-miR-708-5p was
determined to be 0.79 and 0.80, respectively.

The outcomes of this study suggested that UCAT
is an unprecedented IncRNA that plays a role in
the regulation of the EMT process in PC. More-
over, UCAT could serve as a potential biomarker
and target for therapeutic interventions in PC.
DCM, although not directly associated with pan-
creatic cancer, does share some common mutated
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genes, such as LMNA and MT-TL17, which are
also found in the pancreas and potentially play a
role in pancreatic development and function.
Furthermore, the HIF-1 signaling pathway en-
compasses the hypoxia-inducible factor 1 (HIF-
7), a transcription factor is responsible for gov-
erning the expression of genes that are implicated
in cellular adaptation to low oxygen levels, specif-
ically in situations of hypoxia (24).

One of the methodologies employed for the ex-
amination of pancreatic cancer involves the anal-
ysis of the genes implicated in its manifestation
and behaviour. By comprehending the genetic
attributes of pancreatic cancer cells and their in-
teractions within the surrounding milieu, re-
searchers can acquire novel insights into the biol-
ogy and pathology of this ailment.

These findings posit that CXCL5, HOXBY,
CEACAM6, MMP1, SI.C2A1, and NR72 consti-
tute a selection of the most pivotal genes engaged
in the regulation of pancreatic cancer, thereby
exhibiting the potential to serve as biomarkers
and therapeutic targets for this disorder.
Antecedent investigations have demonstrated an
appreciable upsurge in the expression of CXCL5
within pancreatic cancer tissues when juxtaposed
with normal pancreatic tissues, thereby correlat-
ing with unfavourable survival rates and progno-
ses among pancreatic cancer patients (25).
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CXCL)5 facilitates the growth and spread of pan-
creatic cancer by augmenting the proliferation,
migration, and invasion of malignant cells. The
process of EMT is involved in both the initiation
and progression of pancreatic cancer, as well as
its resistance to chemotherapy (20).

Furthermore, CXCL5 has the potential to affect
the tumor microenvironment by attracting and
activating immune suppressive cells like neutro-
phils and macrophages. These cells possess the
ability to release factors that foster tumor growth
and impede the anti-tumor immune response
27).

There is a possibility that CXCL5 establishes a
positive feedback loop that amplifies the malig-
nant characteristics of pancreatic cancer cells and
shields them from immune-mediated assault. The
expression of HOXBY is altered in both pancreat-
ic cancer tissues and cell lines, and its presence is
associated with the prognosis and survival of in-
dividuals with pancreatic cancer. HOXBY is
down-regulated in pancreatic cancer tissues and
cell lines and that overexpression of HOXBY in-
hibits the proliferation, migration, and invasion
of pancreatic cancer cells by blocking the pro-
gression of the cell cycle during the G0/G1
phase (28).

On the other hand, HOXBY is up-regulated in
pancreatic cancer tissues and cell lines, and that
knockdown of HOXBY reduces pancreatic cancer
cell proliferation, migration, and invasion by in-
ducing apoptosis and inhibiting EMT (28, 29).
Previous studies have demonstrated a noteworthy
augmentation in the expression of CEACAMG in
pancreatic cancer tissues relative to normal pan-
creatic tissues. Additionally, this upregulation is
linked with unfavourable survival outcomes and
prognosis in patients afflicted with pancreatic
cancer (30).

Furthermore, CEACAMG has the potential to
exert an influence on the tumor microenviron-
ment by recruiting and activating immune sup-
pressive cells, including neutrophils and macro-
phages. These immune cells possess the capabil-
ity to secrete factors that foster tumor develop-
ment while simultaneously suppressing the anti-
tumor immune response (31).
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CEACAMG might facilitate the advancement of
pancreatic cancer and the dissemination of cancer
cells by heightening their proliferation, migration,
and invasive properties. Epithelial-mesenchymal
transition (EMT) has been implicated in the initi-
ation and progression of pancreatic cancer, as
well as its resistance to chemotherapy.
CEACAM6 may promote pancreatic cancer
growth and metastasis by enhancing the prolif-
eration, migration, and invasion of cancer cells.
EMT has been implicated in the initiation and
progression of pancreatic cancer, as well as its
resistance to chemotherapy

Morteover, CEACAMG6 may also affect the tumor
microenvironment by recruiting and activating
immune suppressive cells, such as neutrophils
and macrophages, which can secrete factors that
support tumor growth and inhibit anti-tumor
immunity (32).

The expression of SL.LC2AT7 is notably elevated in
pancreatic cancer tissues in comparison to nor-
mal pancreas tissues. Furthermore, this increased
expression is linked to unfavourable survival rates
and prognoses in individuals diagnosed with pan-
creatic cancer (33).

The promotion of pancreatic cancer growth and
metastasis may be facilitated by SL.C2A47 through
its ability to augment the proliferation, migration,
and invasion of cancerous cells. Consequently, a
positive feedback loop may be established by
SLC2AT, which amplifies the malignant behav-
iour of pancreatic cancer cells and shields them
from immune attacks (34).

However, more studies are needed to confirm the
function of these genes in pancreatic cancer and
to elucidate the molecular mechanisms and
pathways by which it affects pancreatic cancer
cells and the tumor microenvironment.

Conclusion

A comprehensive bioinformatics study was car-
ried out to discover IncRNA, miRNA, and
mRNA in PC that exhibited differential expres-
sion. It was discovered by integrated in silico
analysis that a unique mRNA-miRNA-IncRNA
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regulatory network could be established. Within
this network, IncRNA (UCAT7), miR-708-5p,
miR-135b-5p, and genes exhibited significant
predictive values for PC metastasis. In addition,
the data provided some essential hints that may
be used in the future for PC molecular and
mechanistic research. Experiments in vivo and in
vitro will be required to complete the necessary
further validation.

Journalism Ethics considerations

Ethical issues (including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements
Not applicable for this study.

Data availability

Data and supplementary materials related to this
article can be obtained from the corresponding
author on reasonable request.

Conflict of interests

The authors declare that they have no competing
interests.

References

1. Klatte DC, Wallace MB, Léhr M, et al (2022).
Hereditary pancreatic cancer. Best Pract Res
Clin Gastroenterol, 58-59:101783.

2. Klein AP  (2021).  Pancreatic  cancer
epidemiology: understanding the role of
lifestyle and inherited risk factors. Nar Rev
Gastroenterol Hepatol, 18 (7):493-502.

3. Mizrahi JD, Surana R, Valle JW, Shroff RT
(2020).  Pancreatic ~cancer. Lamces, 395
(10242):2008-2020.

Available at:  http://ijph.tums.ac.ir

10.

11.

12.

13.

14.

15.

16.

Tlic M, Ilic I (2016). Epidemiology of pancreatic
cancer. World | Gastroenterol, 22 (44):9694-
9705.

Shin EJ, Canto MI (2012). Pancreatic cancer
screening. Gastroenterol Clin- North Am, 41
(1):143-157.

Mario C, Matilisa F, Kryssia IR-C, et al (2018).
Epidemiology and risk factors of pancreatic
cancet. Acta Biomed, 89 (9-S):141-146.

Fedele M, Sgarra R, Battista S, et al (2022). The
epithelial-mesenchymal transition at the
crosstoads between metabolism and tumor
progression. Int | Mol S¢, 23 (2):800.

Gulla A, Andriusaityte U, Zdanys GT, et al
(2022).  The impact of  epithelial-
mesenchymal transition and metformin on
pancreatic cancer chemoresistance: a pathway
towards individualized therapy. Medicina
(Kaunas), 58 (4):467.

Aiello NM, Brabletz T, Kang Y, et al (2017).
Upholding a role for EMT in pancreatic
cancer metastasis. Nazure, 547 (7661):E7-ES.

Cao M=, Jiang Y-p, Tang Y-1, Liang X-h (2017).
The crosstalk between IncRNA and
microRNA in cancer metastasis: orchestrating
the epithelial-mesenchymal plasticity.
Oncotarget, 8 (7):12472-12483.

Huang ], Liu J, Chen-Xiao K, et al (2010).
Advance in microRNA as a potential
biomarker for early detection of pancreatic
cancet. Biomark Res, 4:20.

Yin |, Zeng X, At Z, et al (2020). Construction
and analysis of a IncRNA-miRNA-mRNA
network based on competitive endogenous
RNA reveal functional IncRNAs in oral
cancet. BMC Med Genomics, 13:84.

Huang X, Zhi X, Gao Y, et al (2016). LncRNAs
in pancreatic cancer. Oncotarget, 7 (35):57379-
57390.

Nukala SB, Jousma J, Cho Y, et al (2022). Long
non-coding RNAs and microRNAs as crucial
regulators in cardio-oncology. Cel/ Biosez, 12
(1): 24.

Naderi E, Mostafaei M, Pourshams A,
Mohamadkhani A (2014). Network of
microRNAs-mRNAs interactions in
pancreatic cancer. Biomed Res Int, 2014
534821.

Lv F, Zheng K, Yu J, Huang Z (2018).
MicroRNA-661 expression is upregulated in
pancreatic  ductal adenocarcinoma  and

1668



17.

18.

19.

20.

21.

22.

23.

24.

25.

1669

Iran J Public Health, Vol. 53, No.7, Jul 2024, pp.1659-1669

promotes cell proliferation. Omeol Lett, 16
(5):6293-6298.

Bracken CP, Goodall GJ (2022). The many
regulators  of  epithelial—  mesenchymal
transition. Nat Rev Mol Cell Biol, 23 (2):89-90.

Ashrafizadeh M, Rabiee N, Kumar AP, et al
(2022). Long noncoding RNAs (IncRNAs) in
pancreatic cancer progression. Drug Discov
Today, 27 (8):2181-2198.

Hong M, Tao S, Zhang L, et al (2020). RNA
sequencing:  new  technologies  and
applications in cancer research. | Hemarto!
Oneol, 13 (1):166.

Lin J, Wu Y]J, Liang X, et al (2019). Network-
based integration of mRNA and miRNA
profiles reveals new target genes involved in
pancreatic cancer. Mo/ Carcingg, 58 (2):206-
218.

Love MI, Huber W, Anders S (2014). Moderated
estimation of fold change and dispersion for
RINA-seq data with DESeq2. Genome Biol, 15
(12):550.

Zhao M, Kong L, Liu Y, Qu H (2015). dbEMT:
an epithelial-mesenchymal transition
associated gene resource. S¢ Rep, 5:11459.

Lin Y, Liu T, Cui T, et al (2020). RNAlInter in
2020: RNA interactome repository with
increased coverage and annotation. Nucic
Avids Res, 48 (D1):D189-D197.

Regel 1, Mayerle ], Ujjwal Mukund M (2020).
Current strategies and future perspectives for
precision medicine in pancreatic cancer.
Cancers (Basel), 12 (4):1024.

Zhang R, Liu Q, Peng J, et al (2020). CXCL5
overexpression predicts a poor prognosis in
pancreatic ductal adenocarcinoma and s
correlated with immune cell infiltration. |
Cancer, 11 (9):2371-2381.

26.

27.

28.

29.

30.

31.

32.

33,

34,

Wang Z-Z, Li X-T, Li Q-J, Zhou J-X (2023).
Targeting CXCLS5 in Pancreatic Cancer Cells
Inhibits Cancer Xenograft Growth by
Reducing Proliferation and Inhibiting EMT
Progtession. Dig Dis ¢, 68 (3):841-851.

Lu C, Liu Y, Ali NM, Zhang B, Cui X (2023).
The role of innate immune cells in the tumor
microenvironment and research progress in
anti-tumor  therapy.  Fromt  Immmno,
13:1039260.

Yao Y, Liu C, Wang B, et al (2022). HOXB9
blocks cell cycle progression to inhibit
pancreatic cancer cell proliferation through
the DNMT1/RBI.2/c-Myc axis. Cancer 1ett,
533:215595.

Sun X, Song ], Zhang |, et al (2020). Acetylated
HOXB9 at lysine 27 is of differential
diagnostic value in patients with pancreatic
ductal adenocarcinoma. Front Med, 14:91-100.

Duxbury M, Ito H, Benoit E, et al (2004).
CEACAMG is a determinant of pancreatic
adenocarcinoma cellular invasiveness. Br |
Cancer, 91 (7):1384-1390.

Chen J, Li Q, An Y, et al (2013). CEACAMG
induces epithelial-mesenchymal transition and
mediates invasion and metastasis in pancreatic
cancet. Int | Oncol, 43 (3):877-885.

Burgos M, Cavero-Redondo I, Alvarez-Bueno C,
et al (2022). Prognostic value of the immune
target CEACAMGO in cancer: a meta-analysis.
Ther Ady Med Oncol, 14:17588359211072621.

Zheng H, Long G, Zheng Y, et al (2022).
Glycolysis-related SLC2A1 is a potential pan-
cancer biomarker for prognosis and
immunotherapy. Cancers (Basel), 14 (21):5344.

Dell’Oro M, Short M, Wilson P, Bezak E (2020).
Clinical limitations of photon, proton and
carbon ion therapy for pancreatic cancer.
Cancers (Basel), 12 (1):163.

Available at:

http://ijph.tums.ac.it



