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ABSTRACT

Objective(s): Colorectal cancer is one of the deadliest cancers worldwide, which can be prevented
and even cured by early diagnosis and more efficient treatment modalities. Comprehensive
transcriptional analysis has highlighted the importance of IncRNAs in CRC tumorigenesis. In this
study, we identified co-expressed IncRNA networks based on public RNA sequencing data for
biomarker prediction in CRC and then verified the best candidate experimentally.

Materials and Methods: Publicly available RNA-sequencing data (BioProject PRJEB27536) of
CRC samples and normal adjacent tissues were reanalyzed using the DESeq2 package in R to
find differentially expressed IncRNAs. Pathway enrichment and gene network analysis were
accomplished using GSEA and WGCNA to identify potential functions of IncRNAs with possible
roles in tumorigenesis pathways. Subsequently, the expression of RP17-109D20.2 (Inc-Duox2-1:1)
was assessed in fresh/frozen tissues obtained from 46 CRC patients by quantitative RT-PCR.

Results: A total of 17939 DEIncRNAs were identified between CRC and normal tissues via
bioinformatics analyses. A significant up-regulation of RP17-109D20.2 (48%) was observed in
CRC samples. Functional enrichment analysis showed that RP77-709D20.2 was mainly related to
pathways like phosphoric ester hydrolase, oxidoreductase, phosphoric diester hydrolase, and cyclic-
nucleotide phosphodiester activities. Moreover, elevated expression of DUOX2 in tumors with high
levels of RP11-109D20.2 suggests a link between these genes.

Conclusion: Our data revealed that RP71-109D20.2 may have a considerable role in CRC progression.
However, further functional analyses are essential to evaluate the probable role of RP77-109D20.2
as a potential diagnostic marker and its potential role in the dysregulation of cyclic nucleotide
phosphodiesterase genes in CRC.
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Introduction

Colorectal cancer (CRC), as a heterogeneous illness,
is the second leading cause of death from cancer and the
third most frequent type of cancer worldwide, according
to incidence and mortality statistics from GLOBOCAN
2020 (1, 2). In Iran, CRC is the fourth most common
malignancy to be diagnosed in women and the third most
common in males, with an increased rate among young
people (3, 4). There is a disparate distribution and irregular
pattern of CRC prevalence globally and in Iran, specifically

Northwest, North, and certain regions of Central and West
Iran are known as places with a high prevalence of CRC
(5-7). The onset and progression of CRC are associated
with several genetic and epigenetic abnormalities,
including microsatellite instability (MSI), chromosomal
instability (CIN), DNA base excision repair failure, DNA
methylation, dysregulation of microRNAs (miRNAs), and
histone modifications in epithelial cells (8, 9). Epigenetic
changes are crucial in the onset and progression of CRC.
This includes alterations in histone modification states,
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abnormal DNA methylation, and the dysregulation of
microRNAs and noncoding RNAs. (10). The advances in
the CRC “epigenome” have revealed that almost all the CRC
samples have altered expression of noncoding RNAs, which
commonly controls the expression of genes and microRNAs
involved in tumorigenesis. These noncoding RNAs are also
employed as clinical biomarkers for diagnostic, prognostic,
therapeutic, preventative, and predictive purposes (10, 11).

LncRNAs, a family of noncoding RNAs, are well-known
for their ability to regulate various biological processes in
CRC. These processes include the cell cycle, proliferation,
differentiation, apoptosis, DNA damage, drug resistance,
epithelial-mesenchymal transition (EMT), cell migration,
invasion, and metastasis (12, 13). LncRNAs are essential for
many regulatory processes, such as chromatin remodeling
and maintenance, DNA methylation, transcriptional/
translational activation, genome imprinting, RNA
decoy, dosage compensation, and tumorigenesis. They
also compete with endogenous miRNAs by modulating
their translational efficacy (10, 14, 15). Further studies
are necessary to better comprehend the mechanisms of
IncRNAs and their role in carcinogenesis, as many functions
of IncRNAs in different malignancies remain unknown.
Their role in tumorigenesis has been revealed through the
assessment of IncRNA signaling pathways, investigation of
the expression profiles of mRNAs and IncRNAs connected
to them, elucidation of the regulatory mRNA-IncRNA
axis, mRNA-IncRNA concomitant expression network,
and interactions between transcript modifications (16, 17).
CRC has been demonstrated to correlate with dysregulation
of some IncRNAs, which contribute to the incidence and
progression of CRC and regulate the expression of genes
important in carcinogenesis (18). Some IncRNAs, like H19,
MALAT, NEATI1, PTENPI, and HOTAIR, have cancer-
and tissue-specific expression and may have oncogenic
or tumor-suppressive roles, according to next-generation
sequencing (NGS) studies (19). Moreover, disruption of
some signaling pathways (such as WNT/B-Catenin, KRAS,
TGEF-B, P53, PI3K, and AKT) via dysregulation of IncRNA
expression can contribute to the development of CRC (20).
LncRNAs play crucial roles in regulating metabolism in
cancer by modulating key metabolic pathways, including
glycolysis, lipid metabolism, and amino acid metabolism.
They can influence the expression of metabolic enzymes and
transporters, thereby facilitating cancer cell proliferation
and survival under metabolic stress conditions (21, 22).
LncRNAs exhibit steady expression from early to metastatic
stages, according to the link between their expression level
and various stages of tumor growth (23). In many cancers,
alterations in gene expression regulated by IncRNAs, can
lead to modification of biological processes (24). However,
the function and mechanism of several unidentified
IncRNAs connected to the development of CRC are still
unknown. New high-throughput transcriptome profiling
approaches are necessary to identify the dynamics of
different noncoding RNAs during tumor initiation and
progression in CRC (25).

In this study, we aimed to find new IncRNAs related to
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CRC as alternative biomarkers for diagnosis and treatment
of this malignancy. We examined IncRNAs that were
differentially expressed (DEIncRNAs) across tumoral and
adjacent non-tumor tissues using bioinformatic analysis
of the publicly available databases. Moreover, further
downstream analysis of DEIncRNAs contributes to the
function prediction of DEIncRNAs and enriched pathways
in CRC development. To confirm RNA-sequencing data,
we selected and investigated RP11-109D20.2 expression
by quantitative RT-PCR (qRT-PCR) to show its differential
expression in CRC patients.

Materials and Methods
LncRNA expression profiling of CRC samples from the SRA
database

FASTQ files of 62 CRC RNA-seq samples and their
adjacent normal tissues were retrieved from BioProject
PRJEB27536 (26). Briefly, the read quality was evaluated
using FASTQC (Version: 0.11.9), and the FASTQ raw data
were aligned with the human reference genome (GRCh38/
hg38) using HISAT2 (Version: 2.1.0); and HTSeq-count
(Version: 1.99.2) was used to quantify the gene counts with
GTF (gencode. v36.long noncoding RNAs). The DESeq2
package (27) (Version: 1.30.1) in the R suite (Version: 4.0.3)
was used to identify DEIncRNAs between CRC and adjacent
normal tissues.

Functional annotation

Weighted gene co-expression network analysis (WGCNA)
package (28) (Version: 1.70-3) in the R program was used
to display the weighted correlation network between co-
expression of DEIncRNAs and DEmRNAs, thereby helping
to identify the probable function of IncRNAs. The functional
analysis and co-expression network visualization was
carried out by Cytoscape software version 3.8.2 (http://www.
cytoscape.org). A P-value<0.05 and [log2 Fold Change|>1
were deemed substantial for DEIncRNAs (29, 30). KEGG
pathways and gene ontology (GO) enrichment analyses were
carried out using the ClusterProfiler in R program (Version:
3.18.1) and Org.Hs.eg.DB package (Version: 3.12.0). The
vast majority of DEIncRNAs or DEmRNAs and their strong
link with cellular components, molecular functions, and
biological processes were shown by GSEA (31). A P-value of
less than 0.05 was used to describe the outcomes.

Patients and tissue samples

The fresh and frozen tumors, along with the adjacent
non-cancerous samples, were taken from 46 CRC patients
without a history of cancer who had never received
chemotherapy and radiation therapy prior to the surgery.
Twenty-three samples were taken from patients with CRC
at Ghaem and Omid Oncology Hospitals affiliated with
Mashhad University of Medical Sciences. The Iran National
Tumor Bank, established by the Cancer Institute of Tehran
University of Medical Sciences for Cancer Research,
kindly provided the remaining 23 samples. All tissues
were collected in RNA Protect Tissue Reagent (Qiagen,
Germany) after histopathological validation and kept at -20
°C until RNA extraction and further experiments (32). The
Union International Cancer TNM classification was used to
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Table 1. Demographic and clinical characteristics of 46 CRC patients

Factor Patients (%)

Age (mean + SD) 48.09 + 14.003 years

Tumor size (mean + SD) 5.978 +2.8185 cm

Gender

Male 26 (56.5)
Female 20 (43.5)
Race

Persian 29 (63.0)
Non-Persian 17 (37.0)

Tumor location

Right 11(23.9)
Left 21 (45.7)
Rectum 14 (30.4)
Histology

Adenocarcinoma 41 (89.1)
Mucinous Adenocarcinoma 4(8.7)
Other 1(2.2)
Grade

WD 6(13.0)
MD 33(71.3)
PD 5(10.8)
Unknown 2(4.3)
Lympbhatic Invasion

No 21 (45.7)
Yes 25 (54.3)
Distance Metastasis

Mo 25 (54.3)
M1 21 (45.7)
Pathological T

v 6(13.0)
T3 28 (60.9)
T4 12 (26.1)
Pathological N

NoO 22 (47.8)
N1 11 (23.9)
N2 12 (26.0)
N3 1(2.2)
TNM staging

I 6(13.0)
1I 23 (50)
111 13 (28.2)
v 4(8.7)
Peritoneal Seeding

No 43 (93.5)
Yes 3(6.5)
Perineural Invasion

No 29 (63.0)
Yes 17 (37.0)
Extramural Blood Vessel Invasion

No 44 (95.7)
Yes 2(4.3)
Vascular Invasion

No 21 (45.7)
Yes 25 (54.3)

WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated;
NO: No regional lymph node metastasis; N1: Metastasis in 1-2 regional lymph nodes;
N2: Metastasis in 3-6 regional lymph nodes; N3: Metastasis in 7 or more regional
lymoh nodes.
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evaluate the patients’ clinicopathological and tumor sample
data. Table 1 displays the patients clinicopathological
information, which includes age, gender, tumor size,
invasion depth, histological grade, metastatic status, and
TNM staging.

Ethics statement

Every patient signed the informed consent form, and
the study was conducted in accordance with the Helsinki
Declaration. The research protocol was authorized by
the ethics committee at Ferdowsi University of Mashhad
(ethical code: IR.UM.REC.1400.058), Mashhad, Iran.

RNA extraction, cDNA synthesis, and comparative real-
time PCR analysis

As previously described (15), total RNAs were isolated
from tumor and adjacent non-cancerous tissues by the
Column RNA isolation kit (DENAzist, Iran), and their
quantity and integrity were investigated using a NanoDrop
spectrophotometer (WPA, Biowave II*, Germany) and
electrophoresis on 1% agarose gel, respectively. After treating
total RNA with DNase I (Thermo Fisher Scientific, Germany)
to remove DNA contamination, the AddScript cDNA
synthesis kit (AddBio, South Korea) was used to synthesize
first-strand cDNA. Every action was taken in compliance
with the guidelines provided by the manufacturers. The
expression levels of RP11-109D20.2 (exonic) and RPI11-
109D20.2 (intronic) were assessed through comparative
relative real-time PCR with SYBR Green Master Mix
(AMPLIQON, Denmark) on a CFX96 BioRad System
thermocycler with specific primers (Table 2) by calculating
the relative threshold cycle values of RNA expression levels
through the 24 method. Beta-2-microglobulin (B2M)
was used to normalize the data as an endogenous control for
both tumor and adjacent non-cancerous (reference sample)
tissues, and all experiments were accomplished in duplicate
for each specimen (33). It was determined that RPI1I-
109D20.2 was up-regulated in tumor samples compared to
their non-cancerous counterparts.

Statistical analysis

SPSS 26 (La Jolla, CA, USA) and GraphPad Prism 5.0
(La Jolla, CA, USA) statistical softwares were utilized
to analyze and visualize the data. The study employed
independent-samples t-test, paired samples student ¢-test,
and ANOVA (Analysis of Variance) to evaluate potential
associations between differentially expressed genes and
clinicopathological features in 46 patients with CRC.
P-values<0.05 were regarded as significant.

Results
Transcriptome profiling

Given the high incidence of CRC and the need for early
diagnosis, we evaluated the expression levels of many
IncRNAs in tumor samples relative to non-cancerous
tissues, followed by assessing the expression of IncRNA
RP11-109D20.2 in patients diagnosed with CRC.

The outlier samples were found using principal
component analysis (PCA). Following the exclusion of the
10 outliers, the remaining 52 samples were clustered based
on gene expression patterns (Figure 1A). The heatmap was
plotted based on the 100 variable genes in two different
conditions of high- expressing RP11-109D20.2 group versus
control, which can be categorized into three different groups
(G1, G2, and G3) according to the gene expression signature
(Figure 1B).

The dataset contained 17939 IncRNAs (adjusted
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Table 2. Primer sequences, amplicon sizes, and annealing temperatures for RP11-109D20.2 and B2M used in real-time PCR

Gene Primer sequence

Annealing T, °C Amplicon size (bp)

F: CCCCCAAGATGACCTACAACA

RP11- 109D20.2 (intronic)

R: AGCTGGTTCAGAAGGCCAAA

65 157

F: ACGAGAGTGCAAGCAGAATGC

RP11-109D20.2 (exonic)

65 82

R: GGGCTGTCTTGGACACAGAGTA

F: AAGATGAGTATGCCTGCCGT

B2M

R: CGGCATCTTCAAACCTCCAT

65 105

PC2: 1% wariance

Figure 1. Data preprocessing and quality control of the differential gene expression analysis

(A) Expression analysis of PRJEB27536 dataset for differentially expressed IncRNAs (DELs). Principal component analysis (PCA) of all the samples. Normal:

red label; CRC: blue

label; (B) Heatmap of gene expression signature based on the most variable genes. The X axis represents the samples, and the Y axis represents the top 100 most variable genes.
Based on the gene expression pattern, there are 3 subgroups of genes (G1, G2, and G3).
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(A) Volcano plot of DELs between CRC and adjacent tissues in the PRJEB27536 dataset. The plots were generated using the R programming language (R 3.4.0). Statistically
significant DELs shown in red datapoints were defined with adjusted P-value<0.05 and absolute log2FC > 1.0 as the cut-off threshold. Different variants of DOUX2, including
DOUXA1I and DOUXA?2 are significantly over-expressed in high vs low expressing RP11-109D20.2 tumor samples (B) MA plot representing log2FC between tumor and normal
samples, over the mean of the normalized counts, with red points corresponding to significantly differentially expressed genes, with an adjusted P-value<0.05, and without a
log2FC threshold; genes falling outside the window are plotted as open triangles. Points significantly different with FDR<0.05 are in red, and all others are in green.

P-value<0.05; |log2 Fold change (log2 FC)|>1), including
695 up-regulated and 837 down-regulated IncRNAs,
and the reliability of the general distribution of IncRNAs
was confirmed through a volcano plot. DOUXAI and
DOUXA2 are among the most significantly differentially
expressed IncRNAs exhibiting a similar gene expression
pattern as Gene set enrichment analysis (GSEA) was used

Iran J Basic Med Sci, 2025, Vol. 28, No. 5

RP11-109D20.2 in all samples (Figure 2A).

In the MAplot the overall expression pattern of all genes
can be found. Differentially expressed genes with significant
adjusted P-value<0.05 are shown in red datapoints and the
most upregulated and downregulated ones are labeled in the
plot (Fig. 2B).
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Figure 3. Functional enrichment and pathway analysis of differentially expressed genes (DEGs) in PRJEB27536 dataset

(A) Enriched biological pathways for all the DEIncRNA; (B) Cnetplot illustrating the relationships between enriched pathways and associated genes. Nodes represent genes,
while edges connect genes to their respective pathways. The DUOX2 gene, prominently associated with the oxidoreductase activity pathway, stands out due to its crucial role
in redox-related processes, potentially indicating its involvement in oxidative stress response mechanisms. Similarly, members of the PDE (phosphodiesterase) gene family are
linked to pathways related to cyclic-nucleotide phosphodiesterase activity. The network suggests a shared function in regulating cyclic AMP and cyclic GMP signaling pathways,

highlighting their importance in cellular signal transduction. These genes' roles underscore their potential impact on the biological processes under study.

to explore the enriched biological pathways in the dataset.
Differentially Expressed Genes (DEGs) in CRC versus non-
cancerous specimens. DEGs in CRC samples were implicated
in many biological processes (BP), according to GO
enrichment analysis, including phosphoric ester hydrolase
activity, oxidoreductase activity, phosphoric diester hydrolase
activity, and cyclic-nucleotide phosphodiester activity (Figure
3A). Moreover, alterations in the biological pathways and the
genes involved in these pathways are indicated in a cnetplot
highlighting the relationship between enriched pathways and
the associated genes (Figure 3B). A large number of genes,
including PTEN, NT5C, SGPP1, EYA4, LRRC2, DUSP4, and
PTPN13, were dysregulated in the process of phosphodiester
hydrolysis. Moreover, the results indicated the up-regulation
of NQO2, DUOX2, and NOS3 and the down-regulation of
AKRI1C3, WDR93, and AKRICI.
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One important gene revealed by cnetplot is DUOX2,
which plays a key role within the oxidoreductase
activity pathway, highlighting its association with
multiple other genes involved in redox-related processes
and illustrating the key functional connections. The
increased expression of DUOX2, as indicated by the
color gradient, suggests its potential involvement in the
oxidative stress response mechanism. Moreover, some
members of the phosphodiesterase (PDE) gene family
(PDE2A/3A/4A/6A/8A/11A) are shown to cluster around
pathways related to cyclic-nucleotide phosphodiesterase
activity. This clustering suggests a shared involvement of
these genes in cyclic adenosine monophosphate (cAMP)
and cyclic guanosine monophosphate (cGMP) metabolism,
which are critical regulators of intracellular signaling.
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Figure 4. Weighted gene co-expression network analysis (WGCNA)

(A) Clustering dendrograms of differentially expressed genes in CRC. A total of 23
co-expression modules were identified. Each leaf (vertical line) in the dendrogram is
assigned to one co-expressed gene, and the color in the row below the dendrogram
represents the modules to which the gene belongs. The candidate IncRNA RP11-
109D20.2 was clustered in the red module; (B) Module-trait relationship plot. Each
row represents module eigengenes as the representative of the specific modules.
Columns correspond to the phenotype of interest (cancer). Each cell contains the
value of Pearson correlation between module eigengenes and clinical traits and its
corresponding P-value; (C) Gene network of the top 10 genes in the red module.
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WGCNA identifies critical modules correlating with CRC
phenotypes

Gene networks are an effective approach to identify
the correlation between genes based on their expression
patterns. 23 separate gene concomitant expression modules
were identified by WGCNA (Figure 4A). Moreover, the
correlations between module eigengenes and phenotype
of interest were indicated as a heatmap plot (Figure 4B).
Accordingly, we selected RP11-109D20.2 which was the
only upregulated novel IncRNA among the top ten genes
connected to MYH15 (a key hub gene in CRC development)
based on WGCNA (Figure 4C).

Expression analysis of RP11-109D20.2 in CRC patients

We analyzed the dysregulation level of RP11-109D20.2
by relative comparative qRT-PCR in 46 CRC patients.
Table 1 summarizes the clinicopathological features of the
patients, comprising 20 (43.5%) females and 26 (56.5%)
males. The patients’ mean tumor size and age = SD were
5.978 + 2.8185 cm and 48.09 + 14.003 years, respectively.
Most of the tumor samples were moderately differentiated
(33/46, 71.3%) with the depth of tumor invasion T3 (28/46,
60.9%) in primary stage II of tumor progression (23/46,
50%) and without lymph node metastasis (22/46, 47.8%).
Moreover, most of the tumors were found in the left section
of the colon (21/46, 45.7%) and were adenocarcinoma
type (41/46, 89.1%). The results of qRT-PCR are displayed
in Figure 5A as a scatter plot based on the log2FC of the
IncRNA expression levels. The minimum (-6.82 and -16.03),
maximum (4.24 and 4.45), and mean + SD (2.72 + 0.09 and
-2.95 + 4.39) of the exonic and intronic expression levels of
RP11-109D20.2, are demonstrated in Figure 5A. We used
two different primer sets for exonic and intronic regions
to test if this novel IncRNA goes through splicing. The
expression of intronic and exonic RP11-109D20.2 had no
statistically significant difference (P=0.22 5); consequently,
the splicing process does not occur for this IncRNA (Figure
5B). The expression of exonic RP11-109D20.2 was observed
to be increased (48%) in tumor tissues in contrast to the
adjacent non-cancerous tissues.

Correlation between RP11-109D20.2 expression level and
different pathological features in CRC

We examined the connection between the patients’
clinicopathological features and dysregulation of RPI11-
109D20.2 on the progression of CRC. There was no important
association between the RPII-109D20.2 expression and
clinicopathological characteristics in CRC samples.

Disscusion

There are limited approaches for CRC diagnosis,
and most are invasive; therefore, discovering innovative
biomarkers for early diagnosis is needed more than ever
(34). Transcriptome profiling and bioinformatic analyses
can be used to predict the role of IncRNAs in various
cellular and molecular processes, taking into account their
involvement in important processes, such as cell division,
epigenetic regulation, alternating splicing, regulation of
gene expression following transcription, metastasis, and
apoptosis (35).

In this study, the transcriptome profile of CRC patients was
investigated to find important novel IncRNAs by processing
the data derived from the SRA database. Gene differential
expression analysis revealed the abnormal expression of
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Figure 5. (A) Scatter plot represents a descriptive analysis of the relative expression of RP11-109D20.2 in CRC patients. The black lines indicate the thresholds
for over- and under-expression. The range between over- and under-expression shows the cases with normal expression of the IncRNA. Legends show
minimum, maximum, and mean log2FC for the IncRNA expression; (B) Dot plot represents the expression of intronic and exonic RP11-109D20.2 in CRC

patients (P=0.225).

IncRNAs, which is linked to CRC carcinogenesis. Next,
GSEA and the construction of WGCNA were performed
to predict the role of the selected IncRNA. To validate the
bioinformatics findings, the expression level of the chosen
IncRNA was finally examined using qRT-PCR.

Our first finding indicated the up-regulation of
RP11-109D20.2 (Inc-Duox2-1:1) in CRC patients. More
information is needed about the function of RP11-109D20.2
or its splicing. Based on the data obtained for the expression
pattern of both exonic and intronic primers, the expression
levels were not statistically different, concluding that RP11-
109D20.2 is not spliced in CRC tissue.

The interaction of IncRNAs with different biomolecules
(such as DNA, mRNAs, proteins, or miRNAs) is associated
with tumorigenesis (36). Understanding the steps of tumor
growth and identifying therapeutic targets is aided by the
impact of IncRNAs on the expression of upstream and
downstream coding genes (15). Numerous studies have
demonstrated thelinksbetweenIncRNA aberrantexpression,
immune evasion, cellular metabolic impairment, and DNA
damage (37). It has been indicated that up-regulation (such
as ATB, BC200, CASC15, CCAT1, CCAT2, DMTF1v4, FALI,
FAMS83H-AS1, HOTAIR, HULC, Linc01106, Linc01234,
Loc441461, LincDUSP, MALAT1, MYU, and PCAT6) and
down-regulation (such as B3GALT5-AS, DACORI, and
Loc28519) of numerous IncRNAs change the expression
level of some coding genes (such as E-Cadherin, ZO-1,
ZEBI, N-Cadherin, STAT3, B-Catenin, SNAIL, c-MYC,
MNT, TGF-f1, BCL-2, P53/65, PCNA, miR-613, RTKN,
Vimentin, miR-129-5p, HM GBI, miR-663a, ATR, E2F, miR-
642a-5p, SHMT2, miR-211, miR-449b-5p, GLI, MMP-9,
miR-34a/P53) in CRC which is associated with enhancing
the proliferation, cell cycle, EMT, invasion, metastasis, DNA
methylation as well as inhibiting the apoptosis (13, 38-43).
Consequently, expression analysis, functional mechanism,
and crosstalk between IncRNAs with mRNAs and miRNAs
in tumor cells can introduce their specific roles as particular
or common biomarkers in diagnosing CRC patients at early
stages of tumor formation, hence reducing patient mortality
(44, 45). Comprehensive transcriptional analysis reveals
gene networks and helps to interpret the related functions
in CRC development via bioinformatics analysis (46, 47).
Understanding the molecular pathways of tumor formation,
pathophysiology, and the identification of diagnostic
indicators can be improved by analyzing the DEIncRNAs
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between the tumor and the surrounding normal tissues.
Therefore, we selected RP11-109D20.2 on chromosome
15q on the opposite strand of the SORD coding gene as a
new IncRNA in CRC tumorigenesis. We revealed its up-
regulation for the first time in CRC patients. The role of RP11-
109D20.2 has not been determined in CRC. Generally, the
unique spatiotemporal expression of IncRNAs implies the
specific functions of these molecules (48). Most IncRNAs
with increased or decreased partial expression show tissue-
specific expression patterns compared with coding genes,
as these IncRNAs are key transcripts for acquiring specific
phenotypic traits (49). Our results indicated that increased
partial expression of RPII-109D20.2 probably plays a
tissue-specific role in CRC cells. Moreover, RP11-109D20.2
expression presumably affects the cAMP signaling pathway
and PDE family genes with phosphoric ester hydrolase
activity, based on in silico analysis. It is noteworthy to
understand the interplay between the biological function
of this IncRNA and cAMP signal transduction network
in the tumorigenesis of different cancer types to identify
appropriate biomarkers for diagnosis, prognosis, and
treatment. It has been shown that cAMP functions as an
intracellular messenger and regulates several physiological
and pathological processes, such as transcription,
metabolism, differentiation, apoptosis, cell division, and
death (50-52). The up-regulation of cAMP response element
binding (CREB) is related to tumor development, proposing
its oncogenic role in tumor cells (50, 53). The cAMP
pathway is activated via binding a primary intracellular
messenger (such as hormones, drugs, and neurons) to G
protein-coupled receptors, which can induce transcription
by activating protein kinase A (PKA) and CREB (51, 54).
Several forms of human tumors involve the abnormal
cAMP-PKA-CREB signaling pathway (such as breast,
colorectal, ovarian, and hypophysis) through enhancing
tumor cell growth, invasion, migration, and metabolism;
consequently, targeting this pathway can be a good option
for cancer treatment (52, 55-58). Adenylate cyclase (ADCY)
(catalyzes the conversion of ATP into cAMP) mutations
affect drug efficacy in various malignancies, such as lung,
esophageal, and CRC (59).

The PDE superfamily has 11 distinct gene families (PDE1
to PDEI11), which regulate the cAMP level by decomposing
intracellular cAMP (54). Our data demonstrated the
down-regulation of numerous PDE genes (including
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PDE2A/3A/4A/6A/8A/11A/6B) that are involved in the
activity of phosphodiester hydrolysis and cyclic nucleotide
phosphodiesterase. The down-regulation of these genes
leads to decomposing cAMP and increasing the intracellular
cAMP level. PDE8A showed the highest expression decrease
among all the mentioned genes and seems to have a key
role in the gene network. Moreover, our results indicated
the association of RP11-109D20.2 with 357 different genes,
which were most closely related to PDESA and PDE4A genes
from the PDE family. Consequently, our data may indicate
that RP11-109D20.2 has affected the cAMP signaling
pathway following CRC development. Taken together, our
findings suggest that dysregulation of RP11-109D20.2 can
affect the upstream genes of the cAMP pathway, or the up-
regulation of RP11-109D20.2 is indicated in CRC samples
due to an increase in intracellular cAMP level. In addition,
the higher gene expression level of DUOX2 in tumor
samples with elevated levels of RPI1-109D20.2 IncRNA
may suggest a potential link between these genes. As other
studies have revealed the role of DUOX2 as a risk factor for
Inflammatory Bowel Disease (IBD) and its implications
for CRC progression, this IncRNA may contribute to CRC
progression through regulating pathways involving immune
response and chronic inflammation (60).

Conclusion

Our study highlighted several DEIncRNAs in CRC.
Here, we report the overexpression of RP11-109D20.2 in
CRC tissue samples and its correlation to the DOUX2 gene
for the first time. However, further functional studies are
necessary to assess the possible role of RP11-109D20.2 in
cancer progression.
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