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Abstract

Background: This study aimed to find pseudogenes with significant expression alterations in gastric cancer (GC) that
could be implicated in the disease's development via the competing endogenous RNAs (ceRNAs) network.

Methods: Pseudogenes, mRNAs, and microRNAs, whose expression changes considerably in GC specimens, were identi-
fied using the Cancer Genome Atlas (TCGA) data from 2006 to 2017 (USA). The ceRNAs network was constructed using
the miRWalk, miRTarBase, and DIANA-LncBase. The cox regression test was performed to assess the correlation between
candidate genes and patient prognosis. Finally, using the RT-qPCR method, the in-silico results were evaluated using GC
samples and adjacent normal. Samples were collected from Imam Khomeini Hospital in Tehran (Iran) between 2020 and
2021.

Results: In the cancer samples compared to the normal ones, there were 86 miRNAs, 1985 mRNAs, and 33 pseudogenes
showing expression alterations, either more than or less than a twofold difference. Constructed ceRNA network demon-
strated that pseudogenes such as RCN7P2, TPM3P9, and HSPI0AB3P were most connected to changed mRNAs and mi-
croRNAs in GC. The analysis of the ceRNA network for each of the mentioned pseudogenes indicated that the associated
mRNAs play roles in cell proliferation, inflaimmation, and metastatic pathways. Furthermore, elevated expression of several
mRNAs linked to potential pseudogenes was linked to a poor prognosis. RT-qPCR revealed a significant increase in the
expression levels of RCN7P2, TPM3P9, and HSP90AB3P in GC samples.

Conclusion: The expression of RCN7P2, TPM3P9, and HSP90AB3P is dramatically enhanced in GC. They can also influ-
ence the survival rate of GC patients by regulating pathways involved in cell proliferation, inflammation, and metastasis via
the ceRNAs network.
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Introduction

In 2020, gastric cancer (GC) was one of the most
frequent malignancies, and it had a poor survival
rate (1). The expression of many genes changes
as a disease progresses and that these changes are
linked to malignancy and patient survival rates (2-
4). Changes in gene expression have also been
linked to drug resistance and sensitivities, accord-
ing to research (5, 0).

Pseudogenes are a type of non-coding gene that
was once thought to be junk DNA (7). However,
with the aid of next-generation sequencing and
research advance in non-coding RNAs, multi-
layered functions of pseudogenic DNA, RNA, or
protein have been discovered in multiple cancer
(8). POUSFTB a processed pseudogene that is
highly homologous to OCT4, is increased in GC
samples and can dramatically increase malignancy
in GC cell lines (9). PITENPT is reduced in GC
and can act as a tumor suppressor by inhibiting
GC cell lines' invasion, proliferation, and apopto-
sis (10). Furthermore, numerous investigations
have revealed that the expression of various
pseudogenes in the GC is altered and that their
expression is linked to malignancy and GC de-
velopment (9, 11, 12). On the other hand,
pseudogenes in a variety of malignancies, includ-
ing GC, can regulate the expression of cancer-
related genes via sponge mictoRNAs (miRNAs)
and membership in the competing endogenous
RNAs (ceRNAs) network (13, 14).

We aimed to find pseudogenes that regulate the
expression of mRNAs involved in GC develop-
ment through the ceRNAs network and whose
expression patterns in GC samples are consider-
ably different from normal.

Materials and Methods

Data source

GC transcriptome data (TCGA-STAD) from
2006 to 2017 (USA) in raw format (HTseq-
Counts) was downloaded using the TCGADbi-
olinks package. Then, genes with zero or near-
zero expression based on CPM criteria less than
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10% in 70% of the samples were removed by the
edgeR package. In the next step, data normaliza-
tion based on the TMM method was applied on
the data. The obtained expression matrix was
used for the process of all analyzes. Moreover,
the latest update of clinical information for all
samples was downloaded and used for the analy-
sis process. In the expression matrix for mRNAs
and pseudogenes, the number of cancerous and
normal samples were 375 and 32, respectively.
On the other hand, in the expression matrix for
miRNAs, the number of cancer and normal sam-
ples were 446 and 45 samples, respectively.

Identification of differentially expressed
mRNAs, miRNA and pseudogenes

The expression difference between the groups
was analyzed using the linear model approach,
and the criteria |logFC|>1 and FDR<0.01 were
used for gene selection. The BoMart tool
(www.ensembl.org/biomart) was used to retrieve
gene lists and information for mRNA and
pseudogenes. Using the Enhanced Volcano
package, expression changes were also visualized
using volcano diagrams.

CeRNA network construct

Pseudogenes, mRNA, and miRNA with signifi-
cant differences in expression were used to con-
struct the ceRNA network. The miRWalk (mir-
walk.umm.uni-heidelberg.de) and miRTarBase
(mirtarbase.cuhk.edu.cn) databases were used to
evaluate the relationship between miRNAs and
mRNAs, and miRNA-mRNAs were selected that
were validated by both databases. The DIANA-
LncBase v3 (diana.e-ce.uth.gr/Incbasev3) data-
base was employed for miRNA-pseudogenes in-
teraction and wvalidation type=direct, miRNA
Conflevel=high and species=human were con-
sidered. The data were then integrated using the
Cytoscape tool to construct the ceRNA network,
and the degree>12 criterion was used to select
key pseudogenes in the ceRNA network. The
mentioned criterion was applied based on the
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number of degrees of all pseudogenes and their
median calculation.

Subnet and enrichment

Subnet networks were created using the Cyto-
scape tool to explore the connection of each
candidate pseudogene with other miRNAs and
mRNAs. The Enrichr database (maayan-
lab.cloud/Enrichr) and the MSigDB repository
were utilized to enrich the data by using mRNAs
from each network.

Preprocessing of clinical data and prognosis
The connection between the expression of can-
didate genes and the prognosis of patients with
GC was investigated using TCGA-STAD clinical
data. During the initial preprocessing of clinical
data, normal specimens, specimens with a single
day of living or NA, and specimens without a
tumor at the time of death were excluded. The
univariate Cox regression test was employed to
look into the link between candidate gene expres-
sion and patient prognosis. The results were also
confirmed using a Kaplan-Meier plot, and the
median expression of identified genes was taken
as a cut off.

Sample Collection

Twenty samples of GC along with 20 adjacent
normal samples were obtained from the Tumor
Bank of Iran. All cases of bioethics were re-
viewed and approved by the review board of
Imam Khomeini Hospital (sample collection
place) according to the criteria of the Ministry of
Health, Treatment and Medical Education of
Iran (Ethics Code: IRIAU.TNB.REC.1400.005).
In addition, a pathologist confirmed the illness
state of all cancer samples, and their clinical in-
formation is described in Table 1. Samples were
collected from Imam Khomeini Hospital in Teh-
ran (Iran) between 2020 and 2021.
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Table 1: Clinical information for GC

Characteristic Number
(N=20)

Age(yr)

<50 6

>50 14

Gender

Male 12

Female 8

TNM stage

I 4

11 8

111 5

v 3

Tumor size

<5cm 9

>5cm 11

RNA extraction, cDNA synthesis and RT-
qPCR

RNA was extracted using TRIzol (Invitrogen)
according to the manufacturer's instructions.
Then, DNase treatment (Sinaclon) was per-
formed to remove DNA contamination. The
cDNA was then synthesized wusing the
Yektatajheiz kit. Specific primers for RCNTP2 (F:
3~ CAACCAGAGCTTCCAGTACGA-5 and R:
3-ACAATCTTCCCTAGCCTCTCCT-5),
TPM3P9 (F: 3-CACCGCGGCGCAGAGG-5
and R: 3-GCTTCACTGCCTCGATGGTGG-
5 and HSP90AB3P (F: 3
CATGGAGAGGAGGAGGTGGAG-5 and R:
3- TTGAAGGGTCTGTCAGGCTCT-5") were
designed by primer-blast tool
(www.ncbi.nlm.nih.gov/tools/primer-blast). The
expression of the mentioned genes in cancer and
normal samples was quantified using RT-qPCR
with specific primers and SYBR Green. GAPDH
(F: 3-AAGCTCATTTCCTGGTATG-5 and R:
3-CTTCCTCTTGTGCTCTTG-5") was utilized
as an internal reference and 2 was used to cal-
culate the expression of each gene in each sam-

ple.
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Statistics and software

All initial preprocessing and data analysis were
performed by the R programming language (V
4.0.2). GhraphPad (V 8) software was used to
draw and display charts. The significance of can-
didate gene expression with patient prognosis
was assessed using the LogRank test, with a
logRank threshold of 0.05 being considered. Chi-
square test was employed to investigate the asso-
ciation between the expression of candidate
pseudogenes and clinical characteristics. Cyto-
scape (V 4) was employed to display the ceRNA
network and the association of genes with identi-
fied pseudogenes.
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Results

Dramatically changes in the expression of
pseudogenes in GC

The expression differences among miRNAs re-
vealed that 44 miRNAs increased and 42 miR-
NAs decreased (Fig. 1A, |logFC|>1 and
FDR<0.01). Findings for differences in mRNA
expression showed that 735 mRNA expression in
cancer samples increased compared to normal
and 1250 mRNA decreased (Fig. 1B, |logFC|>1
and FDR<0.01). However, while comparing the
expression of pseudogenes in GC samples to
normal samples, it was discovered that 23
pseudogenes had a significant increase in expres-
sion. In addition, the expression of 10
pseudogenes decreased significantly (Fig. 1C,
|logFC|>1 and FDR<0.01).
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Fig. 1: The expression of many of pseudogenes in GC is significantly altered. (A-C) Expression differences for
miRNAs, mRNA, and pseudogenes in cancer samples compared to normal are shown based on TCGA data. The
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selection of genes was based on the |logFC|>1 and FDR<0.01 criteria (logFC; log fold change, FDR; false discov-
ery rate)

RCNI1P2, TPM3P9, and HSP90AB3P expres-
sion alterations in the development of GC via
the ceRNA network

The results of combining miRNA-mRNA and
miRNA-pseudogenes data are shown in Fig. 2A
and supplementary Table 1. RCN7P2, TPM3P9,
and HSP90.AB3P had the highest connection and
degree among other discovered pseudogenes
with differentially expressed miRNAs in GC (Fig.
2A, blue nodes). Enrichment was also done to

better understand the network-linked pathways,
and the results revealed that many of the genes in
the ceRNA network are involved in significant
cancer cell pathways like cell proliferation (E2F
Targets), mTORCI1, metastasis (Epithelial Mes-
enchymal Transition), inflammation (TNF-alpha
Signaling via NF-Kb and IL-2/STATS5 Signaling),
Hypoxia, DNA repair (UV Response Dn and UV
Response Up) and Hedgehog signaling (Fig. 2B,
FDR<0.01).
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Fig. 2: RCN1P2, TPM3P9, and HSP90AB3P had the highest connection and degree among other discov-
ered pseudogenes with differentially expressed miRINAs and mRINAs in GC. (A) The ceRNA network is
shown based on miRNAs, mRNAs, and pseudogenes that had different expressions in GC. The blue nodes indicate
the pseudogenes and the red nodes represent the miRINAs that have the highest degree in the network. (B) Enrich-
ment results for all genes present in the ceRNA network

Association of RCNIP2 with cancer cell
pathways and survival-related genes

RCNT7TP2 could bind to a total of 14 miRNAs,
many of which target genes involved in key can-
cer cell pathways like proliferation, inflammation,
and mTORC1 (Fig. 3A and C, FDR<0.01).
TCGA data also show that RCN7P2 expression
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is significantly increased in GC specimens com-
pared to normal (Fig. 3B, logFC=1.7,
FDR<0.01). Increased expression of CCDCSO0,
COLECT12, FKBP10, and NME4 genes was only
related with poor prognosis among the genes in
the RCN7P2 network (Fig. 3D-G and
logRank<0.05, Table 2). As outlined in Table S1,
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the expression levels of CCDCS0, COLECT2,
FKBP10, and NME4 demonstrate a notable in-
crease in GC samples in comparison to healthy
samples (logFC>1 and FDR<0.05). Additionally,
the results of the network related to RCN7P2
demonstrated that three miRNAs, namely miR-

145-5p, let-7c-5p, and miR-125b-5p, exhibited
the highest interactions with the mRNAs associ-
ated within the network (Fig .3A). The TCGA
results indicate a decrease in the expression levels

of these three miRNAs in GC (Table S1).

Table 2: The univariate Cox regression test results for candidate mRNAs in subnets

Variable

CCDCS0 expression
(High vs. Low)
COLECT2 expression
(High vs. Low)
FKBP10 expression
(High vs. Low)
NME4 expression
(High vs. Low)
CYPTBT1 expression
(High vs. Low)
NPTXT expression
(High vs. Low)
NR3CT expression
(High vs. Low)
SNCG expression
(High vs. Low)
CLIP4 expression
(High vs. Low)
GAS'T expression
(High vs. Low)
KCNBT expression
(High vs. Low)
RNLS expression
(High vs. Low)
SYNGRT expression
(High vs. Low)

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

Univariate

HR P value 95% CI

1.48 0.004 1.12-1.95

1.7 0.0001 13-23

1.43 0.003 1.14 - 1.81

1.6 0.0002 1.2-213

1.83 | <0.0001 | 1.37-2.48

1.39 0.001 1.13-1.71

1.61 0.002 1.17-2.2

1.52 0.0002 1.21-1.93

1.4 0.008 1.09-1.9

1.5 0.001 1.17-19

1.36 0.003 1.06 — 1.66

1.38 0.004 1.1-1.74

1.49 0.002 1.15-1.93
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Fig. 3: The RCN1PZ-regulatory network is linked to the primary pathways of cancer cells. (A) The subnet
associated with RCN7P2 is shown. (B) Differentially expressed RCIN7P2 in TCGA data is shown. (C) Enrichment
results for all genes in the RCN7P2 subnet. (D-G) Based on TCGA data, a Kaplan-Meier plot demonstrating the
connection of gene expression in the RCN7P2-network with the prognosis of GC patients is shown

Increased expression of TPM3P9 associated
with genes of inflammation, proliferation,
and DNA repair pathways via the ceRNA
network

The TPM3P9 subnet revealed that this pseudo-
gene interacts with 13 different miRNAs. These
miRNAs can target 61 mRNAs significantly
changed in GC (Fig. 4A). Based on TCGA data,
TPM3P9 expression in cancer samples was on
average doubled compared to normal, as seen in
Fig. 4B (logFC=1.1 and FDR<0.01). The results
of TPM3P9-associated mRNA enrichment re-
vealed that several of them are involved in in-
flammation, proliferation, and DNA repair path-

1080

ways (Fig. 4C, FDR<0.01). CCDC80, COLECT2,
FKBP10, and NME4 genes (already linked to
RCNTP2 and associated with poor prognosis)
were also linked to TPM3P9, but via various
miRNAs (Fig. 4A). Our findings also revealed
that in addition to the mentioned genes, the
TPM3P9 network included the CYP7B7, NPTX1,
NR3CT1, and SNCG mRNA, whose increased
expression was linked to a bad prognosis in GC
patients (Fig. 4D-G and logRank<0.05, Table 2).
The previous results have demonstrated an in-
crease in the expression levels of these mRNAs
in GC samples compared to normal (Table S1).
Moreover, within the network linked to TPM3P9,
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the interactions with the associated mRNAs were
notably prominent for five miRNAs: let-7c-5p,
miR-210-3p, miR-27b-3p, miR-195-5p, and miR-
222-3p (Fig .4A). The expression analysis of these

miRNAs indicated a decrease in let-7c-5p, miR-
27b-3p, and miR-195-5p levels, whereas hsa-mir-
210-3p and hsa-mir-222-3p showed increased
expression in GC (Table S1).
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Fig. 4: The survival, proliferation, and inflammation genes are linked to the TPM3P9regulatory network.

(A) The subnet associated with TPM3P9 and all the genes in it is displayed. (B) The level of TPM3P9 expression in

cancer samples compared to normal based on TCGA data. (C) Pathways associated with TPM3P9-network genes is

shown. (D-G) Relationship between the expression of candidate genes in the TPM3P9 subnet and the survival rate
of GC patients

Increased expression of HSP90AB3P with
genes associated with metastasis in GC

The results of the HSP90AB3P-related subnet
revealed that these pseudogenes interacted with
43 miRNAs. These miRNAs can also target 176
mRNAs with different expression patterns in GC
(Fig. 5A). Examination of HSPI0AB3P expres-
sion in TCGA data showed that its expression in
cancer samples increased significantly compared
to normal (Fig. 5B, logFC=1.4 and FDR<0.01).
On the other hand, the enrichment tresults for
HSPI0AB3P-related mRNAs revealed that many
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of them are involved in cellular signaling path-
ways such as proliferation, inflammation, metas-
tasis, DNA repair and hypoxia (Fig. 5C,
FDR<0.01). The mRNAs identified for RCN7P2
and TPM3P9 that were linked to patient progno-
sis were also present in the HSP90.AB3P-related
ceRNA network (Fig. 5A). In addition, five genes
including CLIP4, GAS7, KCNB7, RNLS, and
SYNGRT7 in the HSP90AB3P-related network
were present and their elevated expression was
linked to poor patient prognosis (Fig. 5D-H,
logRank<0.05, Table 2). The TCGA data indi-
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cates a noticeable increase in the expression of
the mentioned mRNAs in GC (Table S1). More-
over, within the network associated with
HSPI0AB3P, we identified eight miRNAs—Ilet-
7¢-5p, miR-486-3p, miR-27b-3p, miR-130b-3p,
miR-18a-5p, miR-20a-5p, miR-125a-3p, and miR-
145-5p—that exhibited a higher degree compared

to other miRNAs in the HSP90AB3P network
(Fig .5A). Among the identified miRNAs, hsa-
mir-130b-3p and hsa-mir-18a-5p exhibited in-
creased expression, while the rest showed de-
creased expression in GC (Table S1). Interesting-
ly, let-7c-5p was shared by all subnets.
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Fig. 5: The HSP90AB3P regulatory network regulates genes that are involved in the metastatic process. (A)
HSPI0OAB3P's subnet is shown. (B) In the TCGA data, the difference in HSP90AB3P expression is noticeable. (C) Based on
MSigDB data, entrichment findings for genes in the HSP90OAB3P-regulatory network are calculated and displayed. (D-H) Corre-
lation between expressions of candidate genes in HSP90.AB3P network with patient survival rate
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Up-regulated of RCNIP2, TPM3P9, and
HSP90AB3P in GC samples compared to
normal

The expression levels of RCN7P2, TPM3P9, and
HSPI0AB3P in GC samples were compared to
normal adjacent samples using the RT-qPCR
method to verify the findings. The results of
RCNTP2 expression showed that it rose signifi-
cantly when compared to the normal level (Fig.
6A, P<0.001). TPM3P9 expression was similarly
shown to be considerably higher in cancer sam-
ples compared to normal samples in our research
(Fig. 6B, P<0.05). Finally, RT-qPCR results for
the expression level of HSP90.AB3P revealed that
the expression level of this gene increased dra-
matically in cancer samples (Fig. 6C, P<0.0001).
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These findings support previous findings,
demonstrating that RCN7P2, TPM3P9, and
HSPI90AB3P expression levels are much higher
in GC and that they could have an oncogenic role
in GC by modulating cell proliferation pathways,
inflammation, and metastasis. We also investigat-
ed the relationship between the expression of the
identified candidate pseudogenes and clinical
characteristics, including age, gender, stage,
TNM.T, TNM.N, and tumor location, based on
the clinical data available in the TCGA database.
The chi-square test results revealed no significant
association between the expression levels of the
identified candidate pseudogenes and various
clinical characteristics such as age, gender, stage,
TNM.T, TNM.N, and tumor location.
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Fig. 6: RCN1P2, TPM3P9, and HSP90AB3Plevel is significantly increased in cancer specimens compared
to normal based on RT-qPCR. (A-C) RCNT7P2, TPM3P9, and HSPIOAB3P expression are displayed in cancer
samples compared to adjacent normal. 2-4Ct was used to calculate the expression of each gene in each sample

Discussion

Various studies have found that the expression of
non-coding RNAs changes in various malignan-
cies, including GC, and that these changes are
related to malignancy and patient prognosis (15).
As a result, discovering non-coding RNAs that
can play a role in cancer development and pro-
gression can be beneficial and practical.

Awvailable at:
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The results of this study showed for the first time
that RCN7P2 is increased in GC samples com-
pared to normal and mRNAs associated with its
subnet are involved in pathways such as prolif-
eration, inflammation, and mTORC1. Further-
more, CCDC80, COLEC12, FKBP10, and NME4
are linked to the regulatory network RCNTP2Z,
with their expression levels elevated in GC. This
elevation correlates with a worsened prognosis
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for patients. FKBP70 expression is increased in
GC and is associated with poor prognosis in pa-
tients (16). Reduced FKBP70 expression has been
shown to lower malignancy in GC cell lines (17).
CCDCS0 levels rise in GC and are correlated
with a poor prognosis (18). Increased COLECT2
expression in GC is associated with its aggres-
siveness (19). Our findings have demonstrated a
potential interaction between RCN7P2 and miR-
145-5p, let-7c-5p, and miR-125b-5p, resulting in
a significant decrease in the expression of these
miRNAs in GC. MiR-145 has been shown in
studies to suppress the proliferation, invasion,
and migration of GC cell lines (20). Research in-
dicates a significant decrease in the expression of
miR-125b-5p, strongly associated with increased
mortality rates (21). RCNT7P2 might play a role in
the pathogenesis of GC by interacting with the
mentioned miRNAs, which have tumor-
suppressive roles. Pathways linked to the
RCNTP2 network, including proliferation, in-
flammation, and mTORCI, play a critical role in
GC (22, 23).

TPM3P9 expression was elevated in GC samples,
which could have an impact on the proliferation,
inflammation, and survival-related genes via the
ceRNA network. Genes including CYP7B7,
NPTXT71, NR3C1, and SNCG, associated with
TPM3P9, show increased expression in GC, cor-
relating with poor patient prognosis. Further-
more, our findings demonstrated an upregulation
in TPM3P9 expression in GC samples compared
to normal tissues. CYP7B7 can play a role in GC
malignancy through boosting expression (24).
NPTXT7 expression has been linked to poor
prognosis, increased metastasis, and invasion, and
it has been demonstrated to rise in GC (25).
SNCG is elevated in GC and might be associated
with increased invasiveness (20). Furthermore,
our investigations demonstrated that let-7c-5p,
miR-27b-3p, and miR-195-5p exhibit substantial
interactions with the mRNAs associated with the
ceRNA network of TPM3P9. The TCGA data
indicated a significant downregulation in the ex-
pression of the mentioned miRNAs in GC. MiR-
27b-3p undergoes modulation in GC and could
play a significant role in suppressing the growth,
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invasion, and migration of GC cells (27). MiR-
27b-3p decreases in GC and could potentially
impact drug resistance (28). The results suggest
that miRNAs associated with TPM3P9 could play
a significant role in GC. Perhaps TPM3P9 might
interfere with their function by acting as sponges
to hinder their activity.

Our research found that HSP90.AB3P expression
was much higher in GC cancer samples based on
TCGA and RT-gPCR data, and that it was linked
to genes involved in metastatic pathways.
HSPI0ABP could also use the ceRNA network
to regulate a number of genes linked to survival
in GC patients, including CLLIP4, GAST, KCNBT,
RNLS, and SYNGR/7. Also, the mentioned genes
showed increased expression in GC based on
TCGA data. CLIP4 is increased in GC and is as-
sociated with poor prognosis in patients (29).
There are also reports indicating the involvement
of GAST and KCNBT in the pathogenesis of GC
(30, 31). We have demonstrated that
HSPIOAB3P can interact with miRNAs such as
let-7¢-5p, miR-486-3p, miR-27b-3p, miR-20a-5p,
miR-125a-3p, and miR-145-5p. Research has
shown a reduction in miR-27b-3p levels in GC.
This miRNA might contribute to the develop-
ment of the disease by influencing genes associ-
ated with invasion and migration (32). Research
has also shown a decrease in miR-145-5p levels in
GC, potentially correlating with the survival rate
of patients (33). These findings underscore the
significance of HSP90AB3P in GC. Although
more in vitro assays is needed, these findings im-
ply that RCNT7P2, TPM3P9, and HSP90.ABP may
have an oncogenic role in GC through influenc-
ing cancer cells' main pathways.

Conclusion

This study found elevated expression of
RCNTP2, TPM3P9, and HSP90ABP
pseudogenes in GC. Through computational
analysis, these pseudogenes were shown to regu-
late pathways involved in metastasis, prolifera-
tion, and inflammation in GC.
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