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Abstract
Background. Long noncoding RNAs (lncRNAs) perform as competing endogenous RNAs (ceRNAs) to
sponge microRNAs (miRNAs) lead to the advancement of cancer. In this work, we attempted to identify
possible long noncoding RNA biomarkers as well as a new regulatory axis in colorectal cancer. This
investigation was carried out in consideration of the critical oncogenic function played by miR-616-3p in
many malignancies, as well as its regulatory involvement in several signaling pathways.

Material and Methods: Differentially expressed lncRNAs (DELs) were identi�ed from Gene Expression
Omnibus (GEO) database. Targeted mRNAs were recognized by the Targetscan database. ciBioPortal
database and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis also were applied to
identify mRNAs. CeRNA networks constructed via Cytoscape 3.7.1. QRT-PCR was utilized to verify these
RNA molecules' expression levels in 30 CRC tissues compared to 30 adjacent tissue samples.

Results: Three lncRNAs and three mRNAs were discovered to have the greatest interaction with miR-616-
3p. QRT-PCR revealed overexpression of (Linc01282, lnc-MYADM-1:1, ZNF347, XIAP) and downregulation
of (Lnc-atp12a-1:1, SIK1 and miR-616-3p). In CRC, bioinformatic research revealed many unique ceRNA
networks centered on miR-616-3p that were previously unknown.

Conclusion: This work reveals novel, previously unreported lncRNAs as prognostic biomarkers for CRC, as
well as potential mRNAs as new therapeutic targets and predictive biomarkers for CRC. Furthermore, our
analysis identi�ed novel ceRNA networks that need be investigated further in CRC.

1. Introduction
Considered the fourth most malignant, colorectal cancer (CRC) is the third most common cancer globally.
(Xian and Zhao 2019) It is arduous to recognize tumors smaller than 1 cm with typical diagnostic
methods. Therefore, early diagnosis is vital, and surgery is the only treatment for patients before
metastasis. CRC genesis involves intricate steps that need the investigation of similar biomarkers. (Li et
al. 2018, Zhang et al. 2019) The progression and development of colorectal cancer involve a set of
intricate epigenetic and genetic alterations. Current �ndings have uncovered that almost 98% of human
genome transcripts comprise noncoding RNAs (ncRNAs) without translated protein. (Bian et al. 2018)
microRNAs (miRNAs) are a class of single-stranded, short, and conserved ncRNAs 18 ± 24 nucleotides in
length that negatively modulate gene expression at the post-transcriptional level by binding to the 3 -
untranslated region (3 UTR) of target genes. (Zhou et al. 2020, Zhang et al. 2018) Several studies have
suggested that miRNAs regulate many physiological processes in the cell, including migration, invasion,
cell proliferation, and apoptosis. Aberrant miRNAs also participate in the initiation, promotion,
angiogenesis, metastasis, and drug resistance of several types of cancers. (Zhang et al. 2018, Mo et al.
2020) Many studies apply putative miRNA target data for recognizing miRNA sponge interactions and
hypergeometric examinations to identify candidate miRNA sponges. However, our research utilized
experimentally validated miRNA-target interactions.
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In terms of some former studies, miR-616 had a signi�cant regulatory role in various cancer signaling
pathways. For example, Bai Q et al. demonstrated that upregulation of SOX7 or downregulation of miR-
616 could suppress the function of the Wnt/β-catenin signaling pathway in glioma. Thus, miR-616
performed as a tumor promoter in glioma and can regulate SOX7 gene and Wnt/β-catenin signaling by its
oncogenic roles. (Bai et al. 2017) Wu Z-H et al. indicated that the impacts of miR-616-3p on angiogenesis
and metastasis occurred by the downregulation of PTEN, one of the miR-616-3p direct targets. We
suggest that the renewal of PTEN expression might obstruct miR-616-3p-induced angiogenesis. Overall,
our results offer that the miR-616-3p-PTEN signaling axis may be a therapeutic target for gastric cancer.
(Wu et al. 2018) Many studies have presented abnormal expression of miR-616-3p in various cancers
such as ovarian, gastric, and breast cancer, resulting in cell invasion, migration, EMT, and maybe a
potential therapeutic target. (Wu et al. 2018, Chen et al. 2018, Nguyen et al. 2020, Yuan 2019) However,
no study has reported the involvement of miR-616-3p in CRC. Thus, it is the �rst time that miR-616-3p is
evaluated as a candidate microRNA for further exploration in a novel ceRNA network.

Long noncoding RNA (lncRNA) are described as transcripts with a length that extends beyond 200
nucleotides, without protein-coding potential. (Gao et al. 2020) LncRNAs have been considered a hotspot
in biomedical research recently. They play crucial roles in the modulation of apoptosis, proliferation, cell
cycle, differentiation, and else. (Liu et al. 2019) LncRNAs also act as competing endogenous RNAs
(ceRNAs) that sponge miRNAs, affecting the expression of the target gene. (Xian and Zhao 2019)
CeRNAs, as a vital class of post-transcriptional modulators, describes the pathogenesis of lncRNAs in
cancer progression and tumorigenesis. They change the expression of crucial tumor-suppressive or
tumorigenic genes by a microRNA-mediated mechanism. Since the introduction of this mechanism, it has
been validated that ceRNA acts in the progression of different tumors and has been constructed in
pancreatic adenocarcinoma, (Weng et al. 2020) breast cancer, (Tuersong et al. 2019) colorectal cancer,
(Guo et al. 2020) lung cancer, (Zhu et al. 2019) and gastric cancer (Pan, Guo, et al. 2019) and so on. Thus,
the ceRNA network might perform as a biomarker for predicting, diagnosing, and prognosis curative
responses in CRC. (Hollstein et al. 2019)

Therefore, in the present study, we sought to elucidate lncRNA biomarkers and ceRNA networks in CRC.
We used bioinformatics tools and analyzed data from the GEO, a public platform involving 15 CRC tumor
tissues and 15 adjacent healthy tissues. We utilized some tissues from our patients, QRT-PCR was
applied to con�rm speci�c analytical results. This approach was bene�cial in manifesting new potential
lncRNA biomarkers and constructing novel ceRNA networks in CRC.

2. Materials And Methods

2.1. lncRNAmiRNA interaction analysis
To identify the lncRNAs targeted miR-616-3p, the lncRNAs to miR-616-3p binding (including the lncRNAs
and miRNAs folded RNA predicted structure) was indicated via the RegRNA 2.0 database
(regrna2.mbc.nctu.edu.tw/detection.html). (Chang et al. 2013) Furthermore, the minimum folding free



Page 5/22

energy was set under < 20 when predicting the miRNA target sites, and the system score was set to > 160.
A high score shows a more potent binding ability. Besides, the lncRNA sequences related to Homo
sapiens were already investigated applying the NCBI database.

2.2. Identi�cation of miRNAtarget interactions
Interactions between miRNAs and mRNAs were obtained from the Targetscan database «
http://www.targetscan.org/vert_72/ » (Agarwal et al. 2015) to predict mRNAs targeted screening miRNAs.
By utilizing the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, (Kanehisa and
Goto 2000) lncRNAs that play signi�cant roles in the apoptosis pathway were determined. All mRNAs
were obtained from the Targetscan database, then their HNG codes were received from the Ensemble
database (https://asia.ensembl.org/). (Hubbard et al. 2002) They were analyzed in the cBioPortal
database to identify mRNAs that play a crucial role in CRC. (Cerami et al. 2012)

2.3. Identi�cation of differentially expressed lncRNAs
The function of dysregulated lncRNAs was investigated by a bioinformatics technique to predict the
differentially expressed lncRNAs. Moreover, the gene expression pro�le dataset no. GSE117830;
GPL15314 platform, deposited in the Gene Expression Omnibus (GEO) database
(http://www.ncbi.nlm.nih.gov/geo/). (Clough and Barrett 2016) A total of 10 chips were involved in the
dataset, including �ve colorectal cancer tissues (tumor group) and �ve paired adjacentnormal colorectal
tissues (control group). DEmRNAs and DElncRNAs were analyzed in terms of a threshold of | log2 (fold
change) | > 2 and | log2 (fold change) | < -2 and adjusted P-value < 0.001. Evaluations were executed with
R version 3.5.3 (https://www.r-project.org/), and the program package “Limma, Gplot, GGplot, Plyr,” and
the �ndings are demonstrated in a heatmap (red shows RNAs with high expression and green shows
RNAs with low expression).

2.4. construction of the lncRNAmiRNAmRNA network
To better apprehend the correlations between DEmRNAs, lncRNAs, and miRNAs, the lncRNA-mediated
ceRNA network in CRC was constructed. LncRNAs sponge miRNAs to bind miRNAs competitively to
modulate the gene expression. A ceRNA network in terms of the recognized prognostic lncRNAs, miRNAs,
and mRNAs was established. The Targetscan database was used to identify miRNA-mRNA interactions,
and RegRNA 2.0 to identify LncRNA-miRNA interactions. We constructed and visualized the co-expression
network by using Cytoscape 3.7.1.

2.5. Tissue collection
CRC tissues were collected from the Poursina Hakim Gastrointestinal Disease research center. Tumor
samples were admitted by a pathologist to decline heterogeneity. Written informed consent was obtained
from patients, and this study was approved by the Ethics Boards of the Isfahan University of Medical
Sciences. All tissues were 60 in total (CRC tissues n = 30 and adjacent non-tumor samples n = 30).
Patients have not received radiotherapy and chemotherapy before tissue sampling. Tissues were frozen
in liquid nitrogen directly and maintained in a freezer at − 80°C.
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2.6. qRT-PCR analyses
TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA) was utilized to extract total RNA from tissue
samples. Thermo ND-1000 ultramicro nucleic acid protein meter (OD 260 nm; Thermo, Waltham, MA) and
agarose gel electrophoresis were applied to assess RNA quantity. The amount of 9 µl of total RNA was
used for quantitative real-time PCR (qRT-PCR). cDNA was constructed using a Transcriptor First Strand
cDNA Synthesis Kit (Biofact, Korea). Real-time PCR analyses were performed with SYBR Green (Biofact,
Korea), using the Rotor gene 6000 system, under the following conditions: (a) 95°C for 10 minutes; (b) 40
cycles of 95°C for 20 seconds and 56°C for 30 seconds; and (c) 72°C for 30 seconds. The relative gene
expression was estimated by using the 2 − ΔΔCt method normalized to GAPDH. Each tissue sample was
investigated in triplicate to obtain reliable outcomes.

2.7. Statistical Analysis
Statistical analyses were performed using GraphPad Prism 9 and also to plot the �gures. A two-tailed P < 
0.05 was regarded statistically critical. Aberrant gene expression between two groups was assessed by
samples t-test and is two-sided. Kaplan-Meier method was applied to investigate survival rates.

3 Result
3.1. MIR-616-3p expression is upregulated in CRC tissues and shows a positive association with gender
and poor overall survival.

In this study, we selected miR-616-3p as a candidate microRNA for further exploration in novel ceRNA
networks due to some reasons. For example, former studies have reported that miR-616 had a signi�cant
regulatory role in various cancer signaling pathways, such as Wnt/β-catenin and PTEN signaling
pathways. Besides, other investigations have suggested, dysregulated expression of miR-616-3p in
different cancers such as ovarian, gastric, and breast cancer led to cell migration, invasion, and EMT.
However, no study has reported the involvement of miR-616-3p in CRC. QRT-PCR was performed to
investigate miR-616-3p expression. Findings illustrated that miR-616-3p was signi�cantly down-regulated
in CRC tissues as compared to that in non-tumor samples (95% CI, 0.3561 to 3.555; P < 0.0183) with (log2
Fold Change = 0.15) (Fig. 6A). After adjusting for sex, age, stage, location, and differentiation, multivariate
analysis indicated no relation between these clinicopathological factors and miR-616-3p expression.

3.2. Differentially expression of SIK1, XIAP, and ZNF347 in CRC tissues.

miR-616-3p targeted mRNAs were identi�ed by various bioinformatics approaches. Targetscan database
(http://www.targetscan.org/vert_72/) was used to �nd targeted mRNAs related to miR-616-3p. All mRNAs
had their speci�c HNG codes were obtained from the Ensemble database and were scrutinized in the
cBioPortal database to identify mRNAs that play a crucial role in CRC (Fig. 2). Finally, SIK1, XIAP, and
ZNF347 mRNAs indicated the most differential expression and interaction with miR-616-3p in CRC, and



Page 7/22

KEGG pathway analysis showed that candidate mRNAs were potentially involved in the apoptosis
pathway.

The salt-inducible kinases (SIKs) are considered to control gene expression in two ways. (1) By
restraining phosphorylation of the CREB-regulated transcriptional coactivators (CRTC), (2) by the
transcriptional modulators class IIa histone deacetylases (HDAC). Therefore, by these factors, SIKs
control the transcriptional programs. However, the SIKs action in cancer remains to be clari�ed. Between
the SIKs, SIK1 has been investigated formerly as a modulator of anoikis and repression of metastatic
potential in human breast cancer cells. Evaluation of The salt-inducible kinase 1 (SIK1) expression was
performed via qRT-PCR, showed a signi�cant down-regulation in the CRC tissues as compared to that
adjacent non-tumor tissues (Fig. 6B, 95% CI, 0.2479 to 1.932; P < 0.013) and (log2 Fold Change = 0.62).
Clinical parameters such as gender, stage, location, and differentiation were evaluated to �nd a positive
correlation with the down-regulation of SIK1, but no correlations were found between them and SIK1
expression.

X-linked Inhibitor of Apoptosis Protein (XIAP) belongs to the Inhibitors of Apoptosis Proteins (IAPs) family
members. Bioinformatic analysis showed that XIAP had a strong interaction with miR-616-3p. Expression
analysis indicated that XIAP was markedly overexpressed in CRC tissues in comparison to their
corresponding normal tissues (95% CI, -1.866 to -0.2748; P < 0.0101) with (log2 Fold Change = 2.85) (Fig.
6C). Upregulation of XIAP also demonstrated a positive association with sex (P < 0.0476). After adjusting
for age, stage, location, and differentiation, multivariate analysis illustrated no relationships between
these clinical parameters and XIAP expression.

Zinc Finger Protein 347 (ZNF347), located on chromosome 19, is one of the miR-616-3p targets. RT-PCR
analysis indicated that ZNF347 expression levels were considerably upregulated in CRC tissues as
compared to non-tumor pairs (P < 0.014) and with (log2 Fold Change = 3.46) (Fig. 6D). Furthermore, other
clinical features showed no correlation with ZNF347 high expression in CRC.

3.3. Linc01282 and lnc-MYADM-1:1 were upregulated, and lnc-atp12a-1:1 was down-regulated in CRC
tissues.
Differentially expressed lncRNAs in CRC tumors compared to non-tumor pairs (Figs. 3A, 3B) were
identi�ed from dataset no. GSE117830 (Table 1) and their interactions with miR-616-3p were assessed
via RegRNA 2.0 database. RegRNA 2.0 is an integrated web server, can clarify the explicit mechanism and
the function of lncRNAs and miRNAs in CRC. RegRNA 2.0 also was applied to evaluate the functional
correlation between lncRNAs and miRNAs. Between the markedly DElncRNAs, using a threshold alteration
frequency > 10%. Only three lncRNAs with minimum folding free energy were able to exert regulatory
functions on miR-616-3p and are associated with CRC. It was predicted, hsamiR616-3p was targeted by
Linc01282, Lnc-atp12a-1:1, and lnc-MYADM-1:
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Table 1
miR-616-3p targeted lncRNAs classi�ed by expression status

microRNA LncRNAs

Has-miR-
616-3p

Upregulate

AC094104.1, AL354861.2, CARMN, LINC00910, LINC01641,  lnc-CCDC39-1:5, lnc-CDC27-
2:3, lnc-CIAO1-6:1, lnc-EEF1AKMT1-3:6,  lnc-LILRB4-1:2, lnc-MAN1B1-1:1, lnc-
MTRNR2L11-2:2, lnc-NABP2-1:1, lnc-PALLD-4:1, lnc-PILRB-1:13, lnc-RPS24-3:24, lnc-
SERPIND1-1:62, lnc-SLC24A2-2:1, lnc-SMG6-6:1, lnc-SPTBN2-6:1, lnc-SYN2-6:1, lnc-
TAAR6-1:1, lnc-TRIM39-2:1, lnc-VMO1-1:1, lnc-WDR12-3:1, lnc-WFIKKN2-3:1, lnc-ZNF479-
13:1, lnc-ZNF716-12:1, lnc-ZNF836-1:8, AC002463.1, AC006004.1, AC008278.1,
AC016933.1, AC073316.2, AC103563.2, AL139246.4, AP000356.2, APTR, FAM138B,
FAM138E, LINC00305, LINC00350, LINC00700, LINC00842, LINC01205, LINC01271,
LINC01282, PRDM16-DT, SNHG14, HSALNT0023219, HSALNT0028808,
HSALNT0050876, lnc-AIG1-8:14, lnc-ANKRD20A3-4:4, lnc-BDH1-5:7, lnc-CDH10-6:5, lnc-
DDX39A-1:1, lnc-DUPD1-3:1, lnc-EXOSC1-1:1, lnc-FKBP5-1:2, lnc-FNBP1L-2:3, lnc-FRG2-
9:1, lnc-FRMD1-3:1, lnc-FTCDNL1-1:1, lnc-GATA3-6:2, lnc-GRM3-2:3, lnc-HIVEP2-1:1, lnc-
MARCKS-18:1, lnc-METTL16-3:2, lnc-MYADM-1:1, lnc-PALMD-1:1, lnc-PCDH1-2:1, lnc-
PDLIM1-1:5, lnc-PRSS3-2:10, lnc-RAB19-3:1, lnc-RAPSN-2:1, lnc-SFTPA2-1:5, lnc-
SLC47A2-1:4, lnc-ST8SIA4-7:1, lnc-STS-10:1, lnc-TGFA-1:1, lnc-TMEM121-6:1, lnc-
TSSK3-2:2, lnc-TXNDC17-1:2, lnc-USP6NL-3:1, lnc-VWDE-2:1, lnc-ZNF726-5:1,
NONGGOT009232.1, NONHSAT098681.2, NONHSAT123805.2, NONHSAT148170.2,
NONHSAT159169.1, NONHSAT165589.1, NONHSAT196116.1, NONHSAT200082.1,
NONHSAT214069.1, NONRATT014570.2, PLCE1-AS2:15

Downregulate

lnc-C21orf59-1:1, lnc-PTPN2-4:1, lnc-TRPC4-2:1, lnc-HLA-DRB1-5:1, HSALNT0031418,
lnc-LHFPL4-2:1, LY6E-DT, lnc-GJA9-1:2, lnc-MNX1-23:3, lnc-BPY2B-3:1, lnc-ATP12A-1:1

RegRNA2.0 software was applied to investigate the folded RNA predicted structure of the lncRNAs and
miRNAs, and the partial reliability data of pair probabilities are represented in (Fig. 4). Hairpin loops are
the most frequently anticipated secondary structure, which might facilitate the sticking of lncRNAs to
miRNAs. Thus, RegRNA2.0 software showed that Linc01282, Lnc-atp12a-1:1, and lnc-MYADM-1:1 could
bind to hsa‐miR-616-3p. The network constructed in this research indicated the unknown intricacy of
noncoding RNA modulatory interac tions and how lncRNAs might act as vital factors in the miRNA
regulatory network to elucidate the role of these interactions in the CRC process. The binding sites of
Linc01282/lnc-atp12a-1:1/lnc-MYADM-1:1/miR-616-3p/ and SIK1/XIAP/ZNF347 also were demonstrated
in Fig. 5.

Linc01282, Lnc-atp12a-1:1, and lnc-MYADM-1:1 were the most differentially expressed lncRNAs which
had − 21.8, -14.1, and − 13.5 minimum folding free energy, respectively (log2fold change (FC) of > 2, <-2
and P < 0.001). Therefore, dysregulate lncRNAs discovered in the GEO database were assessed by qPCR
analysis to indicate the expression levels of the top three lncRNAs with the highest degree in 60 paired
CRC tissues and adjacent non-tumor tissues from cases with colorectal cancer. RT-PCR evaluation
showed that Linc01282 expression was signi�cantly upregulated in the CRC tissues compared to that
adjacent normal tissues diameter (95% CI, -2.218 to -0.2683; P < 0.0142) and (log2 Fold Change = 5.18)
(Fig. 6E). Furthermore, overexpression of Linc01282 displayed a positive correlation with sex (P < 0.0188).
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The statistical analysis illustrated no signi�cant association between Linc01282 expression and other
clinical data.

Lnc-atp12a-1:1 was the second most differentially expressed lncRNA, had about − 14.1 minimum folding
free energy, preceded by Linc01282. Lnc-atp12a-1:1 expression was signi�cantly decreased in the tumor
tissues as compared to the adjacent non-tumor samples (95% CI, 0.3710 to 1.882; P < 0.0049) with (log2
Fold Change = 0.44) (Fig. 6F). Lnc-atp12a-1:1 also showed a positive association with gender in CRC (P < 
0.0266), although other clinical parameters showed no positive correlation with Lnc-atp12a-1:1
expression level (Table 2).

  
Table 2

Correlation between expression of Lnc-
atp12a-1:1 in colorectal cancer with

clinicopathologic features
Features All cases Lnc-atp12a-1:1 P

Low High

Total 30

Age(years)

≤ 60 9

> 60 21

Gender

Female 15

Male 15

Location

Colon 20

Rectum 10

Differentiation

Well/moderately 24

Poorly 6

TNM stage

I–II 15

III–IV 15

21 9 0.0049

0.1220

5 4

16 5

0.0266

12 3

11 4

0.7373

15 5

6 4

0.79

15 6

4 4

0.8709

14 1

11 4

On the other hand, lnc-MYADM-1:1 was the third highly expressed lncRNA with − 13.5 minimum folding
free energy. Its expression analysis illustrated that lnc-MYADM-1:1 considerably upregulated in the tumor
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tissues in comparison to the adjacent normal samples (95% CI, -2.149 to -0.2774; P < 0.0129) and (log2
Fold Change = 2.09) (Fig. 6G). Another signi�cant feature was the positive correlation between elevated
lnc-MYADM-1:1 expression and location of the Tumor (P < 0.0284).

3.4. Construction of the global lncRNA-miRNA-mRNA triple network
Overall, a global ceRNA network was constructed using mentioned databases to con�rm the association
between lncRNA, miRNA, and mRNA markers. There were 56 common mRNAs interact with LncRNAs and
miR-616-3p. Moreover, 3 LncRNAs (Linc01282, Lnc-atp12a-1:1, and lnc-MYADM-1:1) were obtained from
RegRNA 2.0 that targeted miR-616-3p and showed the most interaction with miR-616-3p. As shown in Fig.
7, miRNA-mRNA and lncRNA-miRNA pairs were combined and constructed the global triple network.

3.5. Prognostic DElncRNA mediated ceRNA in sub-network
The prognostic DElncRNA mediated ceRNA network was investigated utilizing cytoscape3.6.1 to realize
the exact interaction between prognostic lncRNAs, miRNAs, and mRNAs in CRC. Only 3 prognostics, 3
DElncRNAs, 1 DEmiRNA, and 3 DEmRNAs were displayed in the DElncRNA-mediated ceRNA sub-network.

4 Discussion
Genes generally function in groups as networks, not alone. A new theory called the ceRNA network offers
that various RNA transcripts could interact with one another by shared miRNA response elements (MREs).
Evaluation of ceRNA analysis more In-depth can illuminate the roles of coding and non-coding RNAs.
(Zhong et al. 2019) Invasion and metastasis in hepatocellular carcinoma are suppressed by knockdown
of lncRNA ANRIL through modulating miR-122-5p expression. (Huang et al. 2019) Discovering the
correlation between lncRNAs and their downstream targets would be an effective way to diagnose
patients with CRC. In this study, the GSE117830 dataset was analyzed to identify DElncRNAs with the
most interaction energy with has-miR-616-3p, in addition to target mRNAs involved in the apoptosis
pathway CRC. We elucidated the role of these lncRNAs in CRC progression for the �rst time and
constructed new ceRNA networks based on the GEO dataset.

In the present study, three unreported novel lncRNAs targeted miR-616-3p involved in CRC were
manifested. The �rst one is Linc01282 (Long Intergenic Non-Protein Coding RNA 1282). It was elucidated
that Linc01282 is located on chromosome X and 880 bp in length with six exons based on Lncipedia and
NCBI databases and illustrated the most interaction energy with miR-616-3p. Linc01282 conspicuously
upregulated in the tumor tissues compared to the non-tumor adjacent samples in real-time PCR analysis,
as well as in bioinformatics analysis. Also, overexpression of Linc01282 was more prevalent among
females, meaning that high expression of Linc01282 can be a prognostic biomarker for females.
Therefore, Linc01282 can be considered as a novel diagnostic biomarker or potential new candidate for
CRC therapy. Lnc-atp12a-1:1 is the other lncRNA located on chromosome 13, 1710 bp in length, and has
13 exons, showed the second most interaction energy with miR-616-3p. QRT-PCR analysis demonstrated
that Lnc-atp12a-1:1 was down-regulated in CRC tissues than adjacent non-tumor tissues and also
indicated a positive correlation with sex. It means the low expression of Lnc-atp12a-1:1 is more common
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among men. Thus, it can be regarded as a new prognostic biomarker and might have a CRC tumor
suppressor function. Down-regulation of Lnc-atp12a-1:1 may be a potential diagnostic biomarker for
males and is regarded as a typical characteristic in CRC progression. Lnc-MYADM-1:1 is the other lncRNA
targeted miR-616-3p, located on chromosome 19, 555 bp in length, and has three exons. Real-time PCR
anal ysis indicated that lnc-MYADM-1:1 was overexpressed in tumor tissues as compared to that normal
samples. The �ndings also showed a positive relationship with the tumor location, meaning that
upregulation of lnc-MYADM-1:1 was more prevalent in the colon than in the rectal. Thus, overexpression
of lnc-MYADM-1:1 may be considered a diagnostic biomarker in CRC and the position of the tumor.

Similarly, Yu et al. (Yu et al. 2018) indicated that u50535 is a new lncRNA advanced metastasis, tumor
progression, and often increased in CRC tissues and related to poor prognosis. In the process, u50535,
through regulating the CCL20 signaling pathway, advances CRC tumorigenesis. Thus, this study
introduced three novel prognostic biomarkers in CRC. However, more studies are needed to explore the
exact practical functions of these lncRNAs in CRC.

As mentioned earlier, miR-616-3p has signi�cant regulatory roles in different signaling pathways, and the
aberrant expression of miR-616-3p has been reported in various cancers. However, the expression of miR-
616-3p has not been investigated in CRC before. Our results showed that the relative expression of hsa-
miR-616-3p in CRC tissues was signi�cantly downregulated in real-time PCR analysis and can be
considered a prognostic biomarker in CRC. Yuan et al. illustrated that miR-616 was upregulated in breast
cancer (BC) and is pivotal in BC development. miR‐616 might be a possible therapeutic target for BC in
miR‐616/TIMP2/MMPs axis. (Yuan 2019)

Targetscan database and KEGG pathway analysis were applied to identify CRC-speci�c mRNAs targeted
miR-616-3p and may have functions in the apoptosis pathway. Three relevant mRNAs were selected
named: ZNF347, SIK1, and XIAP. In this research, for the �rst time, we reported an unreported mRNA: Zinc
Finger Protein 347 (ZNF347), located on chromosome 19. Our results showed that ZNF347 expression
was signi�cantly upregulated in tumor tissues compared to non-tumor tissues. ZNF347 overexpression in
CRC may suggest a poor prognosis and may have an association with tumor progression. Inconsistent,
Pan et al. reported the unreported up-regulation of EXOSC5 in CRC cell lines and tissues. EXOSC5 may
develop tumorigenesis and cell growth through activating the ERK and Akt signaling pathways. (Pan, Pan,
et al. 2019)

XIAP is another targeted mRNA of miR-616-3p that demonstrated overexpression in CRC tissues than
normal samples. Consistently, Liang et al. showed that cell proliferation would be inhibited by losing XIAP
that considerably sensitized CRC cells to PPAR; ligand-induced apoptosis. Therefore, activation of PPAR
and limitation of XIAP simultaneously; may have a synergistic antitumor effect against colon cancer.
(Qiao et al. 2008) Also, the contrast in XIAP expression between males and females was striking, showed
that up-regulation of XIAP was more prevalent in females. Therefore, the expression of XIAP can be
regarded as a prognostic biomarker in CRC, especially for women with CRC, and can be a therapeutic
target for CRC.



Page 12/22

Another miR-616-3p targeted mRNA is SIK1, showed signi�cant downregulation in tumor tissues
compared to normal samples, which may be correlated with poor prognosis. Similarly, Huang et al.
showed that upregulated miR-17 might advance CRC development and function as a tumor suppressor
miRNA by targeting SIK1. (Huang et al. 2019) Thus, downregulation of SIK1 may be a potential
prognostic factor and a new candidate for CRC therapy.

In this study, we suggest this hypothesis that, based on the ceRNA network theory, bioinformatics tools
showed that miR-616-3p is a direct target of Linc01282/ Lnc-atp12a-1:1/ lnc-MYADM-1:1 and located on
the stem-loop structure of them. Also, every one of mentioned lncRNAs can potentially construct three
district ceRNA networks with XIAP/ZNF347/SIK1 mRNAs. For example, Linc01282/miR-616-3p/XIAP
axis. Thus, Linc01282/ Lnc-atp12a-1:1/ lnc-MYADM-1:1 can potentially regulate gene expression by
competing miR-616-3p. However, further investigations are required to clarify the exact mechanisms of
constructed ceRNA networks in this study.

Several interactions have already been veri�ed. For instance, Liu et al. indicated that KCNQ1OT1 by
sponging miR-329-3p could modulate CTNND1 expression positively, thereby expanding CRC
development. (Liu et al. 2020) These researches also validated that our analytical outcomes are
potentially reliable. Furthermore, we validated our bioinformatic analyzes and the possible associations
between various genes involved in this research with clinical characteristics and their expression patterns
by qRT-PCR. These �ndings were highly consistent and con�rmed our analysis's reliability to �nd novel
prognostic biomarkers and potential ceRNA networks in CRC.

Although these results would pro�t from a more signi�cant cohort, extra molecular examinations, and
clinicopathological method con�rmation, we are con�dent that our �ndings supply novel prognostic and
therapeutic targets to control CRC cases.

Conclusion
In conclusion, we demonstrated that miR-616-3p is a direct target of mentioned genes and has a strong
interaction with them by bioinformatics analysis, constructing various ceRNA networks that may play
crucial regulatory roles in different signaling pathways in CRC. The constructed CRC ceRNA networks
bring to light unknown lncRNAs regulatory networks in CRC. QRT-PCR was used to validate aberrant
expressions of these genes in CRC. Therefore, our �ndings provide a new approach recognizing potential
lncRNAs, miRNA, and mRNAs biomarkers, possibly included in the regulation mechanisms, development,
and CRC prognosis. These results also illustrated novel perceptions and a better comprehension of the
miR-616-3p associated ceRNA networks in CRC. Further investigations and studies are required to entirely
clarify the in�uences of these genes on the advancement of CRC to help understand the mechanism of
CRC at the genetic level.
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Figures

Figure 1

The �ow diagram of ceRNA network construction and analysis in CRC.
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Figure 2

The heatmap of 53 differentially expressed mRNAs identi�ed by the Targetscan database and analyzed
in the cbioportal database.
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Figure 3

A, The Principle Component analysis (PC) of the DElncRNAs between the cancer tissues and normal
tissues in GSE117830. B, The heatmap of the DElncRNAs between the CRC tissues and normal adjacent
samples in CRC. Red color shows upregulated RNAs and green color demonstrates downregulated RNAs.
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Figure 4

RNA fold reliability data of likely lncRNA‐miRNA pairs. (A) Linc01282‐hsa‐miR‐616-3p. (B) Lnc-atp12a-
1:1‐hsa‐miR‐616-3p. (C) Lnc-MYADM-1:1‐hsa‐miR‐616-3p. 

Figure 5

The binding sites of lncRNAs/miR-616-3p/mRNAs were identi�ed by Targetscan.
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Figure 6

A, B, C, D, E, F, G show aberrant expression levels of Has-miR-616-3p, SIK1, XIAP, ZNF347, Linc01282, Lnc-
atp12a-1:1, and Lnc-MYADM-1:1 in tumor tissues compared with normal samples assessed by qPCR,
respectively.
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Figure 7

The lncRNA–miRNA–mRNA ceRNA network. Diamond nods indicate lncRNAs, Ellipse nodes indicate miR-
616-3p, and Rectangle nods indicate mRNAs.

 


