Clinical Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Thrice Monthly Volume 9 Number 18 June 26, 2021

OPINION REVIEW
4460  Surgery for pancreatic tumors in the midst of COVID-19 pandemic

Kato H, Asano Y, Arakawa S, Ito M, Kawabe N, Shimura M, Hayashi C, Ochi T, Yasuoka H, Higashiguchi T, Kondo Y,
Nagata H, Horiguchi A

REVIEW
4467  Roles of exosomes in diagnosis and treatment of colorectal cancer

Umwali Y, Yue CB, Gabriel ANA, Zhang Y, Zhang X

MINIREVIEWS
4480 Dynamics of host immune responses to SARS-CoV-2

Taherkhani R, Taherkhani S, Farshadpour F

4491  Current treatment for hepatitis C virus/human immunodeficiency virus coinfection in adults

Laiwatthanapaisan R, Sirinawasatien A

4500  Anti-tumor effect of statin on pancreatic adenocarcinoma: From concept to precision medicine

Huang CT, Liang YJ

4506 Roles of vitamin A in the regulation of fatty acid synthesis

Yang FC, Xu F, Wang TN, Chen GX

ORIGINAL ARTICLE

Basic Study

4520  Identification of the circRNA-miRNA-mRNA regulatory network and its prognostic effect in colorectal
cancer

Yin TF, Zhao DY, Zhou YC, Wang QQ, Yao SK

4542  Tetramethylpyrazine inhibits proliferation of colon cancer cells in vitro

Li H, Hou YX, Yang Y, He QQ, Gao TH, Zhao XF, Huo ZB, Chen SB, Liu DX

Case Control Study

4553  Significance of highly phosphorylated insulin-like growth factor binding protein-1 and cervical length for
prediction of preterm delivery in twin pregnancies

Lan RH, Song J, Gong HM, Yang Y, Yang H, Zheng LM

WJCC | https://www.wjgnet.com I June 26,2021 | Volume9 | Issuel8 |

Jaishideng®



JBaishideng®

World Journal of Clinical Cases
Contents
Thrice Monthly Volume 9 Number 18 June 26, 2021
Retrospective Cohort Study
4559  Expected outcomes and patients’ selection before chemoembolization —“Six-and-Twelve or Pre-TACE-
Predict” scores may help clinicians: Real-life French cohorts results
Adhoute X, Larrey E, Anty R, Chevallier P, Penaranda G, Tran A, Bronowicki JP, Raoul JL, Castellani P, Perrier H, Bayle
O, Monnet O, Pol B, Bourliere M
Retrospective Study
4573  Application of intelligent algorithms in Down syndrome screening during second trimester pregnancy
Zhang HG, Jiang YT, Dai SD, Li L, Hu XN, Liu RZ
4585  Evaluation of a five-gene signature associated with stromal infiltration for diffuse large B-cell lymphoma
Nan YY, Zhang WJ, Huang DH, Li QY, Shi Y, Yang T, Liang XP, Xiao CY, Guo BL, Xiang Y
4599  Efficacy of combination of localized closure, ethacridine lactate dressing, and phototherapy in treatment of
severe extravasation injuries: A case series
Lu YX, Wu Y, Liang PF, Wu RC, Tian LY, Mo HY
4607  Observation and measurement of applied anatomical features for thoracic intervertebral foramen puncture
on computed tomography images
Wang R, Sun WW, Han Y, Fan XX, Pan XQ, Wang SC, Lu LJ
4617  Histological transformation of non-small cell lung cancer: Clinical analysis of nine cases
Jin CB, Yang L
4627  Diagnostic value of amygdala volume on structural magnetic resonance imaging in Alzheimer’s disease
Wang DW, Ding SL, Bian XL, Zhou SY, Yang H, Wang P
4637  Comparison of ocular axis and corneal diameter between entropion and non-entropion eyes in children
with congenital glaucoma
Wang Y, Hou ZJ, Wang HZ, Hu M, Li YX, Zhang Z
Observational Study
4644  Risk factors for postoperative delayed gastric emptying in ovarian cancer treated with cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy
Cui GX, Wang ZJ, Zhao J, Gong P, Zhao SH, Wang XX, Bai WP, Li Y
4654 Clinical characteristics, gastrointestinal manifestations and outcomes of COVID-19 patients in Iran; does
the location matters?
Mokarram P, Dalivand MM, Pizuorno A, Aligolighasemabadi F, Sadeghdoust M, Sadeghdoust E, Aduli F, Oskrochi G, Brim
H, Ashktorab H
4668  AWGS2019 vs EWGSOP2 for diagnosing sarcopenia to predict long-term prognosis in Chinese patients
with gastric cancer after radical gastrectomy
Wu WY, Dong JJ, Huang XC, Chen ZJ, Chen XL, Dong QT, Bai YY
WJCC | https://www.wjgnet.com I June 26,2021 | Volume9 | Issuel8 |



World Journal of Clinical Cases
Contents
Thrice Monthly Volume 9 Number 18 June 26, 2021
Prospective Study
4681  Clinical outcomes and 5-year follow-up results of keratosis pilaris treated by a high concentration of
glycolic acid
Tian Y, Li XX, Zhang JJ, Yun Q, Zhang S, Yu JY, Feng XJ, Xia AT, Kang Y, Huang F, Wan F
Randomized Controlled Trial
4690  Tenofovir disoproxil fumarate in Chinese chronic hepatitis B patients: Results of a multicenter, double-
blind, double-dummy, clinical trial at 96 weeks
Chen XF, Fan YN, Si CW, Yu YY, Shang J, Yu ZJ, Mao Q, Xie Q, Zhao W, Li J, Gao ZL, Wu SM, Tang H, Cheng J, Chen XY,
Zhang WH, Wang H, Xu ZN, Wang L, Dai J, Xu JH
SYSTEMATIC REVIEWS
4700  Mesenteric ischemia in COVID-19 patients: A review of current literature
Kerawala AA, Das B, Solangi A
4709  Role of theories in school-based diabetes care interventions: A critical review
An RP, Li DY, Xiang XL
CASE REPORT
4721  Alport syndrome combined with lupus nephritis in a Chinese family: A case report
Liu HF, Li Q, Peng YO
4728  Botulinum toxin injection for Cockayne syndrome with muscle spasticity over bilateral lower limbs: A case
report
Hsu LC, Chiang PY, Lin WP, Guo YH, Hsieh PC, Kuan TS, Lien WC, Lin YC
4734  Meigs’ syndrome caused by granulosa cell tumor accompanied with intrathoracic lesions: A case report
Wu XJ, Xia HB, Jia BL, Yan GW, Luo W, Zhao Y, Luo XB
4741  Primary mesonephric adenocarcinoma of the fallopian tube: A case report
Xie C, Shen YM, Chen QH, Bian C
4748  Pancreas-preserving duodenectomy for treatment of a duodenal papillary tumor: A case report
Wu B, Chen SY, Li Y, He Y, Wang XX, Yang XJ
4754  Pheochromocytoma with abdominal aortic aneurysm presenting as recurrent dyspnea, hemoptysis, and
hypotension: A case report
Zhao HY, Zhao YZ, Jia YM, Mei X, Guo SB
4760  Minimally invasive removal of a deep-positioned cannulated screw from the femoral neck: A case report
Yang ZH, Hou F'S, Yin YS, Zhao L, Liang X
4765  Splenic Kaposi's sarcoma in a human immunodeficiency virus-negative patient: A case report
Zhao CJ, Ma GZ, Wang YJ, Wang JH
Bishidenge WVJCC | https://www.wjgnet.com 111 June?26,2021 | Volume9 | Issue18 |



World Journal of Clinical Cases
Contents
Thrice Monthly Volume 9 Number 18 June 26, 2021

4772  Neonatal syringocystadenoma papilliferum: A case report

Jiang HJ, Zhang Z, Zhang L, Pu YJ, Zhou N, Shu H

4778  Disappeared intralenticular foreign body: A case report
Xue C, Chen Y, Gao YL, Zhang N, Wang Y

4783  Femoral neck stress fractures after trampoline exercise: A case report

Nam DC, Hwang SC, Lee EC, Song MG, Yoo JI

4789  Collision carcinoma of the rectum involving neuroendocrine carcinoma and adenocarcinoma: A case
report

Zhao X, Zhang G, Li CH

4797  Therapeutic effect of autologous concentrated growth factor on lower-extremity chronic refractory
wounds: A case report

Liu P, Liu Y, Ke CN, Li WS, Liu YM, Xu S

4803  Cutaneous myiasis with eosinophilic pleural effusion: A case report

Fan T, Zhang Y, Lv Y, Chang J, Bauer BA, Yang J, Wang CW

4810  Severe hematuria due to vesical varices in a patient with portal hypertension: A case report

Wei ZJ, Zhu X, Yu HT, Liang ZJ, Gou X, Chen Y

4817  Rare coexistence of multiple manifestations secondary to thalamic hemorrhage: A case report

Yu QW, Ye TF, Qian WJ

4823  Anderson-Fabry disease presenting with atrial fibrillation as earlier sign in a young patient: A case report

Kim H, Kang MG, Park HW, Park JR, Hwang JY, Kim K

4829  Long-term response to avelumab and management of oligoprogression in Merkel cell carcinoma: A case
report

Ledo I, Marinho J, Costa T

4837  Central pontine myelinolysis mimicking glioma in diabetes: A case report

Shi XY, Cai MT, Shen H, Zhang JX

4844  Microscopic transduodenal excision of an ampullary adenoma: A case report and review of the literature
Zheng X, Sun QJ, Zhou B, Jin M, Yan S

4852  Growth hormone cocktail improves hepatopulmonary syndrome secondary to hypopituitarism: A case
report
Ji W, Nie M, Mao JF, Zhang HB, Wang X, Wu XY

4859  Low symptomatic COVID-19 in an elderly patient with follicular lymphoma treated with rituximab-based
immunotherapy: A case report

Lacki S, Wyzgolik K, Nicze M, Georgiew-Nadziakiewicz S, Chudek J, Wdowiak K

Guieidenge WICC | https://www.wjgnet.com X June 26,2021 | Volume9 | Issuel8 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 18 June 26, 2021

4866  Adult rhabdomyosarcoma originating in the temporal muscle, invading the skull and meninges: A case
report

Wang GH, Shen HP, Chu ZM, Shen J

4873  Listeria monocytogenes bacteremia in a centenarian and pathogen traceability: A case report

Zhang ZY, Zhang XA, Chen Q, Wang JY, Li Y, Wei ZY, Wang ZC

Bishidenge WVJCC | https://www.wjgnet.com X June?26,2021 | Volume9 | Issue18 |



World Journal of Clinical Cases

Contents
Thrice Monthly Volume 9 Number 18 June 26, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Shingo Tsujinaka, MD, PhD, Assistant Professor, Senior
Lecturer, Surgeon, Department of Surgery, Saitama Medical Center, Jichi Medical University, Saitama 330-8503,
Japan. tsujinakas@omiya.jichi.ac.jp

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2020 Edition of Journal Citation Reports®
cites the 2019 impact factor (IF) for WJCC as 1.013; IF without journal self cites: 0.991; Ranking: 120 among 165
journals in medicine, general and internal; and Quartile category: Q3. The WJCC's CiteScore for 2019 is 0.3 and
Scopus CiteScore rank 2019: General Medicine is 394/529.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: J/-Hong Lin; Production Department Director: Xiang Ii; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2307-8960 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16, 2013 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2307-8960/ editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 26, 2021 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJCC | https://www.wjgnet.com XI June?26,2021 | Volume9 | Issue18 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v9.118.4520

World Journal of
Clinical Cases

World | Clin Cases 2021 June 26; 9(18): 4520-4541

ISSN 2307-8960 (online)

Basic Study

ORIGINAL ARTICLE

Identification of the circRNA-miRNA-mRNA regulatory network and
its prognostic effect in colorectal cancer

Teng-Fei Yin, Dong-Yan Zhao, Yuan-Chen Zhou, Qian-Qian Wang, Shu-Kun Yao

ORCID number: Teng-Fei Yin 0000-
0003-1140-8637; Dong-Yan Zhao
0000-0002-7026-068X; Yuan-Chen
Zhou 0000-0001-6024-6246; Qian-
Qian Wang 0000-0002-7709-2121;
Shu-Kun Yao 0000-0002-8512-2589.

Author contributions: Yin TF
conceived and designed the study,
performed formal analysis and
prepared the original draft; Zhao
DY participated in data analysis
and manuscript revision; Zhou YC
and Wang QQ reviewed and
edited the manuscript critically;
Yao SK designed and supervised
the study, revised the manuscript,
and obtained the funding; all
authors read and approved the

final manuscript.

Supported by National Key
Development Plan for Precision
Medicine Research, No.
2017YFC0910002.

Institutional review board
statement: This study was
approved by the Ethics Committee
of China-Japan Friendship
Hospital, No. 2018-116-K85-1.

Conflict-of-interest statement:
There are no conflicts of interest to
report.

Data sharing statement: No
additional data are available.

Jaishideng®

WJCC | https://www.wjgnet.com

Teng-Fei Yin, Yuan-Chen Zhou, Qian-Qian Wang, Shu-Kun Yao, Graduate school, Peking
University China-Japan Friendship School of Clinical Medicine, Beijing 100029, China

Dong-Yan Zhao, Graduate School, Peking Union Medical College and Chinese Academy of
Medical Sciences, Beijing 100730, China

Dong-Yan Zhao, Shu-Kun Yao, Department of Gastroenterology, China-Japan Friendship
Hospital, Beijing 100029, China

Corresponding author: Shu-Kun Yao, MD, PhD, Professor, Graduate School, Peking University
China-Japan Friendship School of Clinical Medicine, No. 2 Yinghua East Road, Chaoyang
District, Beijing 100029, China. shukunyao@126.com

Abstract

BACKGROUND

The high morbidity and mortality of colorectal cancer (CRC) have posed great
threats to human health. Circular RNA (CircRNA) and microRNA (miRNA),
acting as competing endogenous RNAs (ceRNAs), have been found to play vital
roles in carcinogenesis. However, the biological function of ceRNAs in CRC
pathogenesis and prognosis remains largely unexplored.

AIM
To identify the CRC-specific circRNA-miRNA-mRNA regulatory network and
uncover the subnetwork associated with its prognosis.

METHODS

CircRNAs, miRNAs and mRNAs differentially expressed (DE) in CRC tissues
were selected by expression file analysis in the Gene Expression Omnibus (GEO)
database, and the downstream target molecules of circRNAs and miRNAs were
predicted. Then, the intersection of differentially expressed RNA molecules with
the predicted targets was determined to obtain a ceRNA network. Gene ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses
were conducted to elucidate the possible mechanism of pathogenesis. A survival
analysis using the gene profiles and clinical information in The Cancer Genome
Atlas (TCGA) database was performed to identify the mRNAs associated with the
clinical outcome of CRC patients and construct a prognostic subnetwork.

RESULTS
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Yin TF et al. CircRNA-miRNA-mRNA network in CRC

We downloaded three datasets (GSE126095, GSE41655 and GSE41657) of large-
scale CRC samples from the GEO database. There were 55 DEcircRNAs, 114
DEmiRNAs and 267 DEmRNAs in CRC tissues compared with normal tissues.
After intersecting these molecules with predicted targets, 19 circRNAs, 13
miRNAs and 28 mRNAs were chosen to develop a circRNA-miRNA-mRNA
network. GO and KEGG functional enrichment analyses indicated that the retinol
metabolic process, leukocyte chemotaxis, extracellular matrix remodeling,
endoplasmic reticulum stress, alcohol dehydrogenase activity, gastric acid
secretion, nitrogen metabolism and NOD-like receptor signaling pathway might
participate in the tumorigenesis of CRC. After verifying the identified mRNA
effect in the TCGA database, we finally recognized 3 mRNAs (CA2, ITLN1 and
LRRC19) that were significantly associated with the overall survival of CRC
patients and constructed a ceRNA subnetwork including 5 circRNAs
(hsa_circ_0080210, hsa_circ_0007158, hsa_circ_0000375, hsa_circ_0018909 and
hsa_circ_0011536) and 3 miRNAs (hsa-miR-601, hsa-miR-671-5p and hsa-miR-
765), which could contain innovative and noninvasive indicators for the early
screening and prognostic prediction of CRC.

CONCLUSION

We proposed a circRNA-miRNA-mRNA regulatory network closely associated
with the progression and clinical outcome of CRC that might include promising
biomarkers for carcinogenesis and therapeutic targets.

Key Words: CircRNA; miRNA; Network; Colorectal cancer; Prognosis; Biomarkers

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The biological functions of circRNA and miRNA interactions and their
potential as noninvasive biomarkers have not been well elucidated in colorectal cancer
(CRC). In this study, we constructed a circRNA-miRNA-mRNA regulatory network
with 19 circRNAs, 13 miRNAs and 28 mRNAs. GO and KEGG analyses indicated
several signaling pathways probably involved in tumorigenesis. After being combined
with survival analysis, a prognostic subnetwork was constructed including 5 circRNAs,
3 miRNAs and 3 mRNAs, which may represent novel diagnostic and prognostic
candidate biomarkers, as well as therapeutic targets of CRC.

Citation: Yin TF, Zhao DY, Zhou YC, Wang QQ, Yao SK. Identification of the circRNA-
miRNA-mRNA regulatory network and its prognostic effect in colorectal cancer. World J Clin
Cases 2021; 9(18): 4520-4541

URL: https://www.wjgnet.com/2307-8960/full/v9/i18/4520.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i18.4520

INTRODUCTION

Colorectal cancer (CRC) is one of the most common tumors worldwide. The global
cancer burden report in 2018 showed that the incidence and mortality of CRC ranked
third and second, respectively[1]. Conventional therapeutic options for CRC, such as
chemotherapy and radiotherapy, cannot satisfy the ever-rising demand for overall and
disease-free survival. At present, the high morbidity and mortality of CRC pose a great
threat to the health of humans. Early screening and prevention should be actively and
urgently carried out. The pathogenesis of CRC remains largely unexplored, and gene
regulation disorders may play an important role in it.

In recent years, circular RNA (circRNA) and microRNA (miRNA), acting as
noncoding RNAs, have attracted considerable research attention in a variety of
diseases. These RNA molecules could regulate gene expression through complex
mechanisms and interactions. CircRNA is a newly identified class of single-stranded
circular, noncoding RNA molecules without 5' poly-A and 3' cap ends, which makes it
resistant to degradation by RNA exonucleases and more stable than the linear RNA
class[2]. Emerging evidence has proven that circRNAs are widely expressed in
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eukaryotic cells and can be implicated in physiological and pathological processes[3].
Salmena et al[4] first hypothesized that competing endogenous RNAs (ceRNAs)
contain adequate miRNA response elements and may act as miRNA sponges to bind
and compete with corresponding miRNAs, thereby sequestering miRNAs and
regulating mRNA expression at the posttranslational level. MiRNAs are small,
noncoding RNAs of approximately 20-22 nucleotides that can play a vital role in the
regulation of gene expression, such as decreasing mRNA stability in various biological
and pathological processes[5].

Accumulating evidence has revealed that the circRNA-miRNA-mRNA network
could play a significantly important role in the development and progression of many
diseases, especially cancer. For example, Song and Fu[6] discovered that the
hsa_circ_00001666/hsa-mir-1229/CXCRb axis could participate in the pathogenesis of
CRC and act as a promising biomarker for targeted treatment. A related study
indicated that hsa_circ_0005100 has pivotal value in the progression of CRC via the
miR-1182/hTERT axis[7]. Hsa_circ_000984 could sequester miR-106b and consequently
intensify the proliferation and migration of CRC cell lines[8]. These studies indicate
that dysregulated circRNAs, miRNAs and mRNAs are closely related to the
progression and prognosis of CRC and could be used as potential CRC-specific
predictors, but the competitive regulatory pattern and biological function mechanism
among circRNAs, miRNAs and mRNAs are still complicated and need further
verification.

Along with the enormous advancement of RNA-sequencing technology, many
public databases, such as Gene Expression Omnibus (GEO) and The Cancer Genome
Atlas (TCGA), have been established, and a surge of large-scale RNA sequence data
are available. Recently, bioinformatics analysis has been widely used to help screen
key genes, construct regulatory models, and select therapeutic targets that may
participate in tumor development and prognosis as well as provide guidance for basic
and clinical research, which is helpful to clarify the pathogenesis of tumors and guide
clinical treatment options.

The objective of this study was to explore a competitive regulatory model among
circRNAs, miRNAs and mRNAs and discover promising indicators for driving factors
and mechanisms that induce the progression and affect the prognosis of CRC. To
achieve this goal, we downloaded three datasets (GSE126095, GSE41655 and
GSE41657) of large-scale CRC samples in the GEO database, selected differentially
expressed (DE) circRNAs, DEmiRNAs and DEmRNAs in CRC tissues compared with
normal controls, and predicted the downstream target molecules of circRNAs and
miRNAs. After intersection with the differentially expressed RNA molecules and
predicted targets, a circRNA-miRNA-mRNA network was identified. Functional
enrichment analyses were conducted to identify the underlying mechanism involved
in the pathogenesis of CRC. To verify the prognostic effect of the mRNAs found above,
we performed survival analysis using the gene profiles and clinical information in the
TCGA database. Finally, survival-related genes were determined, and a prognostic
subnetwork was developed. Our results revealed the circRNA-miRNA-mRNA
regulatory interaction and provided guidance for expanding the understanding of
CRC progression, prognosis and therapeutic options. The flow chart of the procedure
in our study is illustrated in Figure 1.

MATERIALS AND METHODS

Dataset retrieval

The expression profiles of three datasets (GSE126095, GSE41655 and GSE41657) were
downloaded from the GEO database (http:/ /www.ncbi.nlm.nih.gov/geo). Referring
to the annotation information on the platform, probes were transformed to corres-
ponding gene symbols. The GSE126095 dataset included 10 CRC and 10 normal
tissues. The GSE41655 dataset contained 33 CRC tissues, 15 normal tissues and 59
colorectal adenomas, and GSE41657 included 25 CRC tissues, 12 normal tissues and 51
colorectal adenomas. CRC and normal tissue data in the two datasets above were
chosen for comprehensive analysis. Moreover, clinical information and mRNA
expression profiles were obtained from the TCGA database (https://portal.gdc.
cancer.gov/). A total of 530 samples of patients (488 CRC tissues and 42 normal
tissues), which had complete clinical characteristics, including age, sex, stage, survival
time and survival state, and survival or follow-up time > 30 d, were selected for
further analysis. This study was approved by the Ethics Committee of China-Japan
Friendship Hospital (No. 2018-116-K85-1). An informed consent statement was not
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Figure 1 Flow chart of the procedure applied in this study. We identified the differentially expressed (DE) circRNAs, DEmiRNAs and DEmRNAs and then
took the intersection of DEmiRNAs and DEmRNAs with the predicted targets of DEcircRNAs and intersected miRNA to obtain the competing endogenous RNA
network in the Gene Expression Omnibus (GEO) database, performed GO and KEGG enrichment analyses, and constructed a prognostic subnetwork based on
survival analysis in The Cancer Genome Atlas (TCGA) database. ceRNA: Competing endogenous RNA.
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necessary because all data were acquired from the GEO and TCGA databases and
available to the public.

Identification of differentially expressed circRNAs, miRNAs and mRNAs

After downloading data from the GEO database, the “limma” package was utilized for
background correction and normalization of the raw read counts of circRNA, miRNA
and mRNA as well as identification of DEcircRNAs, DEmiRNAs and DEmRNAs
between tumor samples and normal controls. The cut-off criteria of circRNA and
mRNA were set at an adjusted P < 0.05 and |log, fold change (FC) | > 2, while the cut-
off value of miRNA was set at an adjusted P < 0.05 and |log, FC|>1.

Target prediction and intersection for ceRNA network construction

In the circBase database (http://www.circbase.org/), specific information on the
DEcircRNAs was available, and then the Cancer-Specific CircRNA database (CSCD) (
http:/ /gb.whu.edu.cn/CSCD/) was used to obtain structural patterns of circRNAs
and predict the binding relationship between circRNAs and miRNAs. After
intersection with the DEmiRNAs, promising miRNAs were finally identified, and their
target mRNAs were predicted in the TargetScan and miRDB databases. When both
databases supported mRNAs as candidate targets, these targets and DEmRNAs were
intersected to obtain the final mRNA. After removing unconnected nodes, the
circRNA-miRNA-mRNA network was developed based on the results above and
visualized using Cytoscape 3.7.2.

GO and KEGG functional enrichment analysis

To reveal the pathophysiological processes and critical signaling pathways involved in
the carcinogenesis of CRC, two widely used bioinformatics analysis methods, Gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG), were
conducted. The “clusterProfiler” package in R/Bioconductor was used for analyzing
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GO term and KEGG pathway enrichment. An adjusted P < 0.05 was regarded as a
statistical criterion.

Survival analysis and prognostic subnetwork construction

To assess the value of the identified ceRNA network and determine the mRNAs
related to prognosis, the mRNA expression profile and clinical information for CRC
patients were downloaded from the TCGA database. Kaplan-Meier curves were
generated for survival analysis. The log-rank test was utilized for statistical analysis.
The cut-off criterion was a P < 0.05. Finally, a ceRNA subnetwork was developed on
the basis of the above verified mRNAs.

RESULTS

Identification of differentially expressed and intersecting circRNAs, miRNAs and

mRNAs

The basic characteristics of the three GEO datasets (GSE126095, GSE41655 and
GSE41657) and the TCGA is shown in Table 1. In the circRNA profile data of
GSE126095, there were a total of 55 DEcircRNAs between the CRC samples and
normal controls, among which 22 upregulated and 33 downregulated in CRC tissues
(Figure 2). After removing 6 circRNAs that did not have details in the CSCD database,
the structural models of 49 DEcircRNAs obtained from CSCD database are depicted in
Figure 3, and the basic information of the these circRNAs is listed in Supplementary
Table 1. Based on this, we successfully predicted that 1602 miRNAs might be the
targets of these 49 circRNAs. For miRNAs with aberrant expression in GSE41655, 114
miRNAs were investigated to be differentially expressed in CRC, among which 58
were overexpressed and 56 were downregulated (Supplementary Table 2). A total of
25 miRNAs were identified from the intersection of 114 DEmiRNAs and 1602 circRNA
targets predicted by the CSCD database (Supplementary Table 3). According to the
TargetScan and miRDB databases, 7190 potential target genes for the 25 intersecting
miRNAs were found. In the GSE41657 mRNA expression profile, 267 mRNAs were
differentially expressed, among which 112 were highly expressed and 155 were
expressed at lower levels in CRC compared with normal tissues (Supplementary Table
4). A total of 77 intersecting mRNAs were generated (Supplementary Table 5). We
utilized Venn diagrams to illustrate the intersecting states of miRNA and mRNA
(Figure 4A and B) and took the 20 miRNAs and 20 mRNAs expressing the most
significant upregulation and downregulation, respectively, to draw heat maps
(Figure 4C and D).

Construction of the CRC-specific ceRNA network

Based on the recognized 49 circRNAs, 25 miRNAs and 77 mRNAs, we removed
unconnected nodes and chose 19 circRNAs (hsa_circ_0000520, hsa_circ_0000519,
hsa_circ_0001955, hsa_circ_0028198, hsa_circ_0080210, hsa_circ_0007158,
hsa_circ_0000375, hsa_circ_0000026, hsa_circ_0023685, hsa_circ_0000370,
hsa_circ_0061817, hsa_circ_0005927, hsa_circ_0072088, hsa_circ_0018909,
hsa_circ_0013912, hsa_circ_0071681, hsa_circ_0011536, hsa_circ_0043278, and
hsa_circ_0006220), 13 miRNAs (hsa-miR-423-5p, hsa-miR-532-3p, hsa-miR-765, hsa-
miR-1224-5p, hsa-miR-650, hsa-miR-769-5p, hsa-miR-671-5p, hsa-miR-1290, hsa-miR-
125a-3p, hsa-miR-601, hsa-miR-198, hsa-miR-1202, and hsa-miR-1182) and 28 mRNAs (
RNF43, DSG3, AZGP1, SST, DES, TCF21, MFAP4, EREG, BCAS1, C1QA, SPARCLI,
CXCL3, EPHB3, TRAF3IP3, TRPM2, CA2, LRRC19, SCG2, C160rf89, ADH1A, MZB],
HAPLN1, S100A2, GPR34, MS4A12, ITLN1, DHRSY9, and CHGB) in to construct a
circRNA-miRNA-mRNA regulatory network utilizing Cytoscape 3.7.2 (Figure 5). The
expression levels of these RNA molecules are shown in Figure 6.

GO and KEGG functional enrichment analysis

GO analysis revealed that the enrichments of the identified mRNAs in the ceRNA
network were mainly in the ‘retinoic acid metabolic process’, ‘retinol metabolic
process’, ‘digestive tract morphogenesis’, and ‘leukocyte chemotaxis’ (biological
processes; P < 0.005) (Figure 7A); ‘collagen-containing extracellular matrix’,
‘endoplasmic reticulum lumen” and ‘endoplasmic reticulum chaperone complex’
(cellular components; P < 0.02) (Figure 7B); and “alcohol dehydrogenase (ADH)
[NAD(P)'] activity’, ‘retinol dehydrogenase activity” and ‘oxidoreductase activity’
(molecular functions; P < 0.02) (Figure 7C). The results of KEGG pathway analysis
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Table 1 Basic characteristics of 4 microarray datasets in Gene Expression Omnibus and The Cancer Genome Atlas databases

. Sample size
Data source Platform Series
Tumor Control
circRNA GPL19978 GSE126095 10 10
miRNA GPL11487 GSE41655 33 15
mRNA GPL6480 GSE41657 25 12
mRNA TCGA None 488 42
TCGA: The Cancer Genome Atlas.
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Figure 2 Heat map of circRNAs differentially expressed in GSE126095. By analyzing the circRNA profile, 55 differentially expressed circRNAs were
obtained. Red indicates high expression, while blue indicates low expression. A deeper color indicates a more significant difference. The cut-off value was a |log, fold
change| > 2 and an adjusted P < 0.05.

involving the ceRNA network indicated that the target genes were mainly enriched in
‘retinol metabolism’, ‘gastric acid secretion’, ‘nitrogen metabolism’, ‘“NOD-like receptor
signaling pathway’, ‘proximal tubule bicarbonate reclamation’, ‘collecting duct acid
secretion” and ‘tyrosine metabolism” (P < 0.05) (Figure 7D). According to these results,
the retinol metabolic process, leukocyte chemotaxis, extracellular matrix remodeling,
endoplasmic reticulum stress, ADH activity, gastric acid secretion, nitrogen
metabolism and NOD-like receptor signaling pathway might participate in the tumori-
genesis of CRC.

Survival analysis and construction of the prognostic ceRNA subnetwork
We obtained mRNA profiles and clinical information of CRC patients in the TCGA
database and performed survival analysis for each mRNA in the obtained ceRNA
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network. Finally, we recognized that 3 mRNAs (CA2, ITLN1, and LRRC19) were
significantly correlated with the clinical outcome of CRC patients (Figure 8). The
patients with the upregulation of CA2 (P = 0.002), ITLN1 (P = 0.001) and LRRC19 (P =
0.032) had a better prognosis than the corresponding group with low expression.
Considering the 3 mRNAs identified above, we successfully constructed and
visualized a ceRNA subnetwork including 5 circRNAs (hsa_circ_0080210,
hsa_circ_0007158, hsa_circ_0000375, hsa_circ_0018909 and hsa_circ_0011536) and 3
miRNAs (hsa-miR-601, hsa-miR-671-5p and hsa-miR-765) (Figure 9).

DISCUSSION

We identified the intersection of CRC-specific DEcircRNAs, DEmiRNAs and
DEmRNAs in the GEO database with the target molecules of circRNAs and miRNAs
predicted by relevant databases. Then, 19 circRNAs, 13 miRNAs and 28 mRNAs were
identified to develop a circRNA-miRNA-mRNA regulatory network that may play a
pivotal role in the progression of CRC. Subsequently, we conducted GO and KEGG
pathway analyses for the 28 mRNAs to expand our understanding of the vital
pathophysiological process of CRC initiation and progression. Finally, we verified the
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differential expression of the identified mRNAs in the TCGA database, screened
prognosis-related mRNAs by conducting a survival analysis, and constructed a
prognostic subnetwork using 5 circRNAs, 3 miRNAs and 3 mRNAs.

CircRNAs, as stable, abundant and conserved ceRNAs that act as miRNA sponges,
could be identified as valuable indicators for the diagnosis and pathogenesis of CRC.
Similar studies also supported the evidence that DEcircRNAs identified in our study
could be vital components in the ceRNA network, which modulate crucial gene
expression in the initiation and progression of cancer, especially CRC. For example,
the dysregulation of hsa_circ_0000520 could affect the tumorigenesis of cervical cancer
and breast cancer through the miRNA-mRNA axis[9,10]. The hsa_circ_0072088 in the
circRNA-miRNA-mRNA network was identified as being related to CRC and lung
cancer progression[11,12]. The hsa_circ_0001955 was found to mediate a ceRNA
network in CRC by bioinformatics analysis and experimental validation[13]. The
hsa_circ_0005927 was verified in gastric cancer and could be a biomarker for gastric
cancer screening[14]. The hsa_circ_0000026 was found to be expressed at low levels in
gastric cancer and may correlate with the progression of CRC[15]. The
hsa_circ_0000370 in plasma showed diagnostic value for CRC and might be involved
in tumorigenesis[16]. All of these studies indicate that circRNAs may participate in
CRC progression and could be vital biomarkers for diagnosis as well as therapeutic
targets. The majority of 55 DEcircRNAs identified in our study were innovative
biomarkers in CRC and still require further investigation in the future.
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To further explore signaling pathways that might play an important role in the
tumorigenesis and progression of CRC, we conducted GO and KEGG analyses of 28
identified genes in the ceRNA network. Growing studies have confirmed that the
signaling pathways uncovered in our study participate in crucial pathological
processes in many kinds of cancer. Bhattacharya et al[17] reported that the inhibition of
retinoic acid signaling, a key regulator of intestinal immunity, could promote the
tumorigenesis of CRC by cytotoxic T cells, and retinoic acid catabolizing enzyme was a
promising negative predictor for the prognosis of CRC patients. Retinol dehydro-
genase 16, one of the isoforms of the rate-limiting enzyme of the retinol cycle, was
reported to increase the level of retinoic acid, and associate with the tumor size of
hepatocellular carcinoma and poor overall survival of patients as well[18].
Mesenchymal cells in the intestine, called cancer-associated fibroblasts, exert critical
functions to regulate a variety of activities, including intestinal inflammation,
epithelial proliferation, extracellular matrix remodeling and metastasis, which could
affect the microenvironment and promote CRC development and progression[19]. A
recent study revealed that leukocyte chemotaxis and adhesion were distinctly reduced
in the vasculature of CRC[20], and some miRNAs, including miR-15A and miR-16-1,
were able to modulate the pathway of immune regulatory B cell chemotaxis in CRC,
which could affect the tumor growth and survival time[21]. Endoplasmic reticulum
stress is one of the pivotal processes in carcinogenesis and could represent an
innovative therapeutic target in resistant tumors[22]. Cheng et al[23] found that
endoplasmic reticulum stress participated in the apoptosis and autophagy in CRC
induced by apatinib, a novel tyrosine kinase inhibitor. The consumption of alcohol was
reported to increase the risk of colorectal adenomas, and ADH might modify the
correlation between alcohol consumption and colorectal adenomas[24]. ADH
expression has the potential to be a prognostic marker of pancreatic adenocarcinoma
[25], and acetaldehyde is recognized to elevate the possibility of chemically induced
rectal carcinogenesis[26]. A recent meta-analysis revealed that gastric acid suppressant
use showed a significant correlation with poor survival for patients receiving oral
chemotherapy for gastrointestinal tract cancer, supporting a possible negative impact
of gastric acid suppressants on the survival outcome of CRC[27]. As one of the most
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Figure 7 GO and KEGG pathway analyses of the identified mRNAs in the competing endogenous RNA network. A: GO analysis of biological
processes; B: GO analysis of cellular components; C: GO analysis of molecular functions; D: KEGG pathway analysis. P < 0.05 were considered significant.
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fundamental requirements for biosynthesis, nitrogen metabolism is utilized and
modulated to sustain the increased demand for nitrogen sources in cancer prolif-
eration[28]. The regulation of nitrogen metabolism participates in the process of
obesity-associated pancreatic cancer, small cell lung cancer and CRC metastasis[29-
31]. The NOD-like receptor signaling pathway was one of the enriched pathways of
genes with aberrant expression among pancreatic, thyroid, and renal cancer compared
with healthy controls through bioinformatics analyses[32-34]. Furthermore, KEGG
website (http:/ /www.kegg.jp/) was utilized to analyze the specific steps of these
biological processes affected by identified mRNAs in ceRNA network. It is well-
known that CA2 participates in the processes of combining water and carbon dioxide
to generate carbonic acid, acting as one of the key enzymes in the proximal tubule
bicarbonate reclamation and collecting duct acid secretion. According to the pathway
diagrams in KEGG website, CA2 also involves in gastric acid secretion and arginine
biosynthesis in nitrogen metabolism. CXCXL3 is one of the downstream chemokines of
NOD-nuclear factor-kappa B pathway in NOD-like receptor signaling pathway. ADH,
as one of the key enzymes for the mutual transformation of all-trans-retinal and all-
trans-retinol (vitamin A), participates in the final metabolic process of dopamine to 3-
methoxy-4-hydroxy-phenylethylene-glycol in tyrosine metabolism. In summary, the
retinol metabolic process, leukocyte chemotaxis, extracellular matrix remodeling,
endoplasmic reticulum stress, ADH activity, gastric acid secretion, nitrogen
metabolism and NOD-like receptor signaling pathway might represent essential
signaling pathways involved in the pathogenesis of CRC. However, the molecular
mechanism of tumorigenesis and progression is quite complicated and still requires
further exploration.

We verified the differential expression of the mRNAs in the ceRNA network using
the TCGA database, combined the results of the survival analysis, screened prognosis-
related mRNAs, and finally used 5 circRNAs, 3 miRNAs and 3 mRNAs to construct a
prognostic subnetwork. The roles of the 5 circRNAs (hsa_circ_0080210,
hsa_circ_0007158, hsa_circ_0000375, hsa_circ_0018909 and hsa_circ_0011536) involved
in tumorigenesis require investigation, which implies that these circRNAs might have
the potential to become novel indicators for CRC diagnosis and targeted treatment.
Some studies were consistent with our result that 3 miRNAs (hsa-miR-601, hsa-miR-
671-5p and hsa-miR-765) might represent promising biomarkers of cancer progression
and prognosis. MiR-601 was identified to hold diagnostic value for CRC with 69.2%
sensitivity and 72.4% specificity for CRC diagnosis[35], and might suppress the prolif-
eration and invasion of esophageal squamous cell carcinoma and breast cancer[36,37].
Some studies revealed that miR-671-5p could promote and maintain the oncogenesis
and progression of various cancers, such as esophageal cancer, breast cancer,
glioblastoma and melanoma[38-41], and act as a prognostic predictor of locally
advanced rectal cancer due to the significant upregulation in pathological response to
neoadjuvant chemoradiotherapy[42]. The expression level of hsa-miR-765 could be
utilized to independently predict overall survival and disease-free survival and
correlate with the tumor stage, clinical stage and lymph node metastasis in esophageal
squamous cell carcinomal[43]. Hsa-miR-765 could also promote the aggressiveness of
hepatocellular carcinoma and osteosarcomal44,45]. To date, although some studies
have focused attention on the roles of these 3 miRNAs in many types of cancer, hsa-
miR-671-5p and hsa-miR-765 have not been recognized as promising biomarkers of
CRC before our study.

We found that the upregulation of CA2, ITLN1 and LRRC19 might be related to
better clinical outcomes in CRC patients. CA2, the gene that encodes carbonic
anhydrase II, was validated to be downregulated in CRC tissue and cell lines
compared with healthy controls through experimental assays, and the overexpression
of CA2 suppressed tumor cell growth in vitro and in vivo and elevated the sensitivity of
CRC cells to chemotherapy drugs[46]. CA2 might also be useful for the survival
prediction of CRC patients[47]. Other carbonic anhydrase isoforms, such as CA1, CA4,
CA9 and CA12, could exert effects on favorable outcomes or rescue the tumor
progression of CRC[48-50]. In summary, CA2 could be a beneficial predictor for CRC
diagnosis and prognosis. The expression of ITLN1, which encodes intelectin-1 (also
known as omentin-1), presented a sequentially descending trend with the mucosa-
adenoma-carcinoma process[51]. The downregulation of ITLN1 was reported to be
related to poor prognosis among CRC patients at advanced stages[52]. ITLN1 could
also suppress tumorigenesis and correlate with a better prognosis probability of
neuroblastoma and ovarian cancer[53,54]. The low expression of LRRC19 (leucine-rich
repeat containing 19) was identified as an independent risk factor and prognostic
biomarker of kidney renal clear cell carcinoma and was involved in selenium adjuvant
therapy[55]. In addition, LRRC19 could have predictive power for sensitivity to
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Figure 8 Survival analysis of the identified mRNAs in the circRNA-miRNA-mRNA regulatory network using The Cancer Genome Atlas
database. A: Comparison between patients with upregulation or downregulation of CA2 (P = 0.002); B: Comparison between patients with upregulation or
downregulation of ITLN1 (P = 0.001); C: Comparison between patients with upregulation or downregulation of LRRC19 (P = 0.032).

hsa_circ_0018909

LRRC19
hsa_circ_0011536

CA2 ITLN1

hsa_circ_0080210 hsa_circ_0000375

hsa_circ_0007158

Figure 9 The competing endogenous RNA subnetwork associated with colorectal cancer prognosis. Based on mRNAs with potential for the
clinical outcome prediction of colorectal cancer, a prognostic competing endogenous RNA subnetwork was successfully developed. Diamonds, triangles and ellipses

represent circRNAs, miRNAs and mRNAs, respectively.
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AZD0530 in pancreatic tumor and promote the elimination of pathogenic bacteria
from the kidneys[56,57]. However, whether LRRC19 could be regarded as an indicator
of oncogenesis and the clinical outcome of CRC has not been illustrated before. In
summary, CA2, ITLN1 and LRRC19 might have the potential to become novel
biomarkers for CRC diagnosis, especially early screening, as well as patient prognosis.
At present, the hsa_circ_0011536/hsa-miR-601/CA2 axis and the complex interaction
among circRNAs (hsa_circ_0080210, hsa_circ_0007158, hsa_circ_0000375 and
hsa_circ_0018909), miRNAs (hsa-miR-671-5p and hsa-miR-765) and mRNAs (ITLN1
and LRRC19) could provide novel insights into the pathogenesis of and therapeutic
options for CRC and need further investigation.

Collectively, we have provided a deeper understanding of the circRNA-related
ceRNA mechanism of CRC by developing a circRNA-miRNA-mRNA regulatory
network. Through GO and KEGG functional enrichment analysis, the retinol metabolic
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process, leukocyte chemotaxis, extracellular matrix remodeling, endoplasmic
reticulum stress, ADH activity, gastric acid secretion, nitrogen metabolism and the
NOD-like receptor signaling pathway might play critical roles in the initiation and
progression of CRC. After being combined with survival analysis, a prognostic
subnetwork was constructed, including 5 circRNAs, 3 miRNAs and 3 mRNAs, which
could be novel candidate biomarkers for the clinical outcome of CRC. Our research
still has some shortcomings. First, molecular-level verification in clinical samples and
CRC cell lines should be applied to validate biomarkers and clarify the actual
significance of the regulatory ceRNA network and prognostic subnetwork. In addition,
the lack of research on the downstream target molecules of the ceRNA network makes
it difficult to completely elucidate the specific mechanism in the occurrence and
development of CRC. Moreover, due to the sample size of the datasets, the sample size
of this study is not too large.

CONCLUSION

In summary, we constructed a CRC-specific circRNA-miRNA-mRNA regulatory
network and performed functional enrichment analysis, which may assist in revealing
the mechanism of carcinogenesis. A prognostic ceRNA subnetwork was successfully
developed, thereby identifying several RNA molecules that could serve as innovative
and noninvasive indicators for the RNA-based early screening and prognostic
prediction of CRC. Comprehensive experimental studies are still required to enrich the
understanding of ceRNAs, which is essential to illustrate the pathogenesis and
prognosis of CRC and provide new opportunities for targeted therapeutics.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is one of the most common malignant tumors worldwide.
Circular RNA (circRNA) and microRNA (miRNA), acting as competing endogenous
RNAs (ceRNAs), have been investigated to play vital roles in carcinogenesis. Accumu-
lating evidence highlights that it is necessary to further explore the biological function
of circRNA and miRNA in CRC pathogenesis and prognosis.

Research motivation

Dysregulated circRNAs, miRNAs and mRNAs could closely associate with the
progression and prognosis of CRC and act as potential CRC-specific predictors, but the
competitive regulatory pattern and biological function mechanism among circRNAs,
miRNAs and mRNAs are still complicated and have not yet been elucidated.

Research objectives

This study aimed to uncover a CRC-specific competitive regulatory model among
circRNAs, miRNAs and mRNAs and explore the subnetwork associated with CRC
prognosis.

Research methods

Expression profiles of circRNAs, miRNAs and mRNAs were downloaded from the
Gene Expression Omnibus (GEO) database. Differentially expressed (DE) circRNAs,
miRNAs and mRNAs in CRC tissues and the predicted target molecules of circRNAs
and miRNAs were intersected to obtain a CRC-specific ceRNA network. GO and
KEGG pathway analyses were conducted to explore the mechanism of CRC
pathogenesis. Based on the survival analysis using the gene profiles and clinical
information in The Cancer Genome Atlas (TCGA) database, the mRNAs significantly
associated with the clinical outcome of CRC patients were identified and a prognostic
subnetwork was constructed.

Research results

There were 55 DEcircRNAs, 114 DEmiRNAs and 267 DEmRNAs of CRC in three
datasets (GSE126095, GSE41655 and GSE41657) from GEO database. After intersected
with predicted targets, 19 circRNAs, 13 miRNAs and 28 mRNAs were chosen to
develop ceRNA network. Go and KEGG analyses indicated that several signaling
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pathways might participate in the tumorigenesis. After verifying effect in TCGA
database by survival analysis, we finally recognized 3 mRNAs (CA2, ITLN1 and
LRRC19) associated with prognosis, and constructed a ceRNA subnetwork including 5
circRNAs (hsa_circ_0080210, hsa_circ_0007158, hsa_circ_0000375, hsa_circ_0018909
and hsa_circ_0011536) and 3 miRNAs (hsa-miR-601, hsa-miR-671-5p and hsa-miR-
765).

Research conclusions

A circRNA-miRNA-mRNA regulatory network closely associated with the
progression and clinical outcome of CRC was identified, which might include
promising biomarkers for carcinogenesis and therapeutic targets.

Research perspectives

We have provided a deeper understanding of the circRNA-related ceRNA mechanism
of CRC by developing a circRNA-miRNA-mRNA regulatory network. Comprehensive
experimental studies are still required to confirm our findings and provide new
opportunities for targeted therapeutics.
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