
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

World J Gastrointest Oncol  2023 December 15; 15(12): 2049-2241

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I December 15, 2023 Volume 15 Issue 12

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 15 Number 12 December 15, 2023

EDITORIAL

Dual primary gastric and colorectal cancer: A complex challenge in surgical oncology2049

Marano L

MINIREVIEWS

Identification of genes associated with gall bladder cell carcinogenesis: Implications in targeted therapy of 
gall bladder cancer

2053

Ghosh I, Dey Ghosh R, Mukhopadhyay S

ORIGINAL ARTICLE

Clinical and Translational Research

Transient receptor potential-related risk model predicts prognosis of hepatocellular carcinoma patients2064

Mei XC, Chen Q, Zuo S

Retrospective Cohort Study

Cohort study to assess geographical variation in cholangiocarcinoma treatment in England2077

Jose S, Zalin-Miller A, Knott C, Paley L, Tataru D, Morement H, Toledano MB, Khan SA

Retrospective Study

Effect of ultrasound-guided lumbar square muscle block on stress response in patients undergoing radical 
gastric cancer surgery

2093

Wang XR, Xu DD, Guo MJ, Wang YX, Zhang M, Zhu DX

Application of remimazolam transversus abdominis plane block in gastrointestinal tumor surgery2101

Liu J, Tian JM, Liu GZ, Sun JN, Gao PF, Zhang YQ, Yue XQ

The efficacy of full-thickness endoscopic resection of subepithelial tumors in the gastric cardia2111

Xu EP, Qi ZP, Li B, Ren Z, Cai MY, Cai SL, Lyv ZT, Chen ZH, Liu JY, Shi Q, Zhong YS

Basic Study

Hsa_circ_0136666 mediates the antitumor effect of curcumin in colorectal carcinoma by regulating CXCL1 
via miR-1301-3p

2120

Chen S, Li W, Ning CG, Wang F, Wang LX, Liao C, Sun F

Combined TIM-3 and PD-1 blockade restrains hepatocellular carcinoma development by facilitating CD4+ 
and CD8+ T cell-mediated antitumor immune responses

2138

Zhang XS, Zhou HC, Wei P, Chen L, Ma WH, Ding L, Liang SC, Chen BD



WJGO https://www.wjgnet.com II December 15, 2023 Volume 15 Issue 12

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 15 Number 12 December 15, 2023

Association between heat shock factor protein 4 methylation and colorectal cancer risk and potential 
molecular mechanisms: A bioinformatics study

2150

Zhang WJ, Yue KL, Wang JZ, Zhang Y

Evaluating the causal relationship between human blood metabolites and gastroesophageal reflux disease2169

Hu JY, Lv M, Zhang KL, Qiao XY, Wang YX, Wang FY

Paired-related homeobox 1 induces epithelial-mesenchymal transition in oesophageal squamous cancer2185

Guo JB, Du M, Wang B, Zhong L, Fu ZX, Wei JL

META-ANALYSIS

Intensive follow-up vs conventional follow-up for patients with non-metastatic colorectal cancer treated 
with curative intent: A meta-analysis

2197

Cui LL, Cui SQ, Qu Z, Ren ZQ

Prognostic value of T cell immunoglobulin and mucin-domain containing-3 expression in upper 
gastrointestinal tract tumors: A meta-analysis

2212

Yan JJ, Liu BB, Yang Y, Liu MR, Wang H, Deng ZQ, Zhang ZW

Association of MBOAT7 rs641738 polymorphism with hepatocellular carcinoma susceptibility: A 
systematic review and meta-analysis

2225

Lai M, Qin YL, Jin QY, Chen WJ, Hu J

CASE REPORT

Conversion immunotherapy for deficient mismatch repair locally unresectable colon cancer: A case report2237

Sun Z, Liu H, Zhang GN, Xiao Y



WJGO https://www.wjgnet.com III December 15, 2023 Volume 15 Issue 12

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 15 Number 12 December 15, 2023

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Luigi Marano, MD, PhD, Professor, 
Department of Medicine, Academy of Medical and Social Applied Sciences-AMiSNS: Akademia Medycznych i 
Spolecznych Nauk Stosowanych-2 Lotnicza Street, Elbląg 82-300, Poland. l.marano@amisns.edu.pl

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World J Gastrointest Oncol) is to provide 
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic 
and clinical research articles and communicate their research findings online. 
    WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal 
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic 
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, etc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE, 
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China 
Science and Technology Journal Database, and Superstar Journals Database. The 2023 edition of Journal Citation 
Reports® cites the 2022 impact factor (IF) for WJGO as 3.0; IF without journal self cites: 2.9; 5-year IF: 3.0; Journal 
Citation Indicator: 0.49; Ranking: 157 among 241 journals in oncology; Quartile category: Q3; Ranking: 58 among 93 
journals in gastroenterology and hepatology; and Quartile category: Q3. The WJGO’s CiteScore for 2022 is 4.1 and 
Scopus CiteScore rank 2022: Gastroenterology is 71/149; Oncology is 197/366.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xiang-Di Zhang; Production Department Director: Xu Guo; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5204 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

February 15, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed, Florin Burada https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5204/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

December 15, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

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

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/1948-5204/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


WJGO https://www.wjgnet.com 2120 December 15, 2023 Volume 15 Issue 12

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2023 December 15; 15(12): 2120-2137

DOI: 10.4251/wjgo.v15.i12.2120 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Basic Study

Hsa_circ_0136666 mediates the antitumor effect of curcumin in 
colorectal carcinoma by regulating CXCL1 via miR-1301-3p

Shi Chen, Wei Li, Chen-Gong Ning, Feng Wang, Li-Xing Wang, Chen Liao, Feng Sun

Specialty type: Cardiac and 
cardiovascular systems

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Garcia K, Spain; 
Schijven MP, Netherlands

Received: July 27, 2023 
Peer-review started: July 27, 2023 
First decision: August 8, 2023 
Revised: September 22, 2023 
Accepted: October 16, 2023 
Article in press: October 16, 2023 
Published online: December 15, 
2023

Shi Chen, Chen-Gong Ning, Feng Wang, Li-Xing Wang, Chen Liao, Feng Sun, Department of 
Gastrointestinal Surgery, The Second Affiliated Hospital of Kunming Medical University, 
Kunming 650101, Yunnan Province, China

Wei Li, Department of Blood Transfusion, The Second Affiliated Hospital of Kunming Medical 
University, Kunming 650101, Yunnan Province, China

Corresponding author: Feng Sun, PhD, Doctor, Department of Gastrointestinal Surgery, The 
Second Affiliated Hospital of Kunming Medical University, No. 374 Yunnan-Myanmar 
Avenue, Wuhua District, Kunming 650101, Yunnan Province, China. sunfeng1971@163.com

Abstract
BACKGROUND 
This study investigate the anti-tumor effect of curcumin and whether its mediated 
by hsa_circ_0136666 through miR-1301-3p/CXCL1 in colorectal carcinoma (CRC). 
Through multiple experiments, we have drawn the conclusion that curcumin 
inhibited CRC development through the hsa_circ_0136666/miR-1301-3p/CXCL1 
axis, hinting at a novel treatment option for curcumin to prevent CRC deve-
lopment.

AIM 
To determine whether hsa_circ_0136666 involvement in curcumin-triggered CRC 
progression was mediated by sponging miR-1301-3p.

METHODS 
Cell counting kit-8, colony-forming cell, 5-ethynyl-2’-deoxyuridine, and flow 
cytometry assays were carried out to determine cell proliferation, apoptosis, and 
cell cycle progression. Real-time quantitative polymerase chain reaction 
quantified hsa_circ_0136666, miR-1301-3p, and chemokine (C-X-C motif) ligand 1 
(CXCL1), and western blot analysis determined CXCL1, B-cell lymphoma-2 (Bcl-
2), and Bcl-2 related X protein (Bax) protein levels. CircBank or starbase software 
was first used for the prediction of miR-1301-3p binding with hsa_circ_0136666 
and CXCL1, followed by RNA pull-down, RNA immunoprecipitation, and dual-
luciferase reporter assay validation. In vivo experiments were implemented in a 
murine xenograft model.

RESULTS 
Curcumin blocked CRC cell proliferation but boosted apoptosis. Moreover, ele-

https://www.f6publishing.com
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vated hsa_circ_0136666 Levels were observed in CRC cells, which were reduced by curcumin. In vitro, 
hsa_circ_0136666 overexpression abolished the antitumor activity of CRC cells. Mechanical analysis revealed the 
ability of hsa_circ_0136666 to sponge miR-1301-3p to modulate CXCL1 levels.

CONCLUSION 
Curcumin inhibited CRC development through the hsa_circ_0136666/miR-1301-3p/CXCL1 axis, hinting at a novel 
treatment option for curcumin to prevent CRC development.

Key Words: Curcumin; Hsa_circ_0136666; MiR-1301-3p; CXCL1; Colorectal carcinoma

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigate the anti-tumor effect of curcumin and whether its mediated by hsa_circ_0136666 through 
miR-1301-3p/CXCL1 in colorectal carcinoma (CRC). Through multiple experiments, we have drawn the conclusion that 
curcumin inhibited CRC development through the hsa_circ_0136666/miR-1301-3p/CXCL1 axis, hinting at a novel treatment 
option for curcumin to prevent CRC development.
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INTRODUCTION
Colorectal carcinoma (CRC), afflicting an estimated 104270 new cases and causing 52980 deaths in 2021 in the United 
States, is still considered the prime reason for cancer-related death in the United States[1,2]. Clinically, despite substantial 
advances made in surgical resection and adjuvant chemoradiotherapy, the conventional treatment method for CRC, the 
overall patient prognosis is still unfavorable[3,4]. Hence, it is urgent to find a more effective therapy that has high clinical 
significance for CRC patients. Currently, the chemo-preventive properties of traditional Chinese medicine have drawn 
great attention in cancer therapeutics. As a naturally occurring medicine, curcumin is derived from the medicinal plant 
Curcuma longa L.[5]. The salient features of curcumin include chemical stability, low toxicity, and extensive distribution, 
so the application of curcumin in the management of various diseases has gradually been understood[6,7]. Of note, 
curcumin exhibited powerful antitumor activity in diverse cancers[8-10], including CRC[11]. However, further invest-
igation is needed regarding the mechanism through which curcumin affects CRC development.

Over the last decade, circular RNAs (circRNAs) have been identified as a novel noncoding RNA subgroup that are 
produced by exon or intron back-splicing and have a closed continuous loop[12,13]. CircRNAs are correlated with the 
initiation and development of various tumors, including CRC. For example, circ-FARSA aggravates malignant behavior 
by promoting CRC cell growth[14]. Consistently, circRNA_0000392 exerted oncogenic properties in CRC by regulating 
PIK3R3/AKT[15]. Hsa_circ_0136666 has been identified as a highly circRNA that is a carcinogenic factor in breast cancer 
and osteosarcoma[16,17]. Moreover, it facilitated CRC progression by enhancing cell growth and metastasis[18,19]. 
Interestingly, some studies indicated that curcumin could participate in the regulation of tumor progression by 
interacting with noncoding RNAs, including circRNAs[20,21]. However, the exact role played by hsa_circ_0136666 in 
curcumin-mediated CRC progression is still unclear.

Currently, the increasing focus on the competing endogenous RNA (ceRNA) hypothesis is that circRNAs serve as 
microRNA (miRNA) sponges to derepress target mRNA levels[22,23]. Here, some binding sites between hsa_circ_0136666 
and miR-1301-3p were identified by bioinformatics analysis. In addition, miR-1301-3p has been suggested to dampen 
CRC cell growth ability[24]. Hence, this article aims to illuminate whether hsa_circ_0136666 involvement in curcumin-
triggered CRC progression is mediated by sponging miR-1301-3p.

MATERIALS AND METHODS
Cultivation of cells
Under a consistent temperature (37 °C) and humidified atmosphere containing 5% CO2, a normal human colon mucosal 
epithelial cell line (NCM460, ATCC, Manassas, VA, United States) and two CRC cell strains (SW480 and SW620, ATCC) 
were cultivated in DMEM (PAN Biotech, Aidenbach, Germany) that was mixed with FBS (10%; HyClone, Logan, UT, 
United States) and penicillin/streptomycin (1%; KeyGen, Nanjing, China). In addition, 20 μM curcumin (Sigma-Aldrich, 
St. Louis, MO, United States) was added to CRC cells for 24 h after dilution with dimethyl sulfoxide (DMSO, Sigma-
Aldrich).

https://www.wjgnet.com/1948-5204/full/v15/i12/2120.htm
https://dx.doi.org/10.4251/wjgo.v15.i12.2120
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Cell counting kit-8 assay
Cell viability assessment was performed as per the cell counting kit (CCK)-8 reagent (Dojindo, Osaka, Japan) guidebook. 
A total of 2000 cells were plated into a 96-well culture plate for curcumin (20 μM) treatment, followed by the addition of 
CCK-8 solution (0 μL) into each well for another 4 h after 24 h of curcumin treatment. At 450 nm, the absorbance value 
was determined with the use of a microplate reader.

Colony-forming cell assay
After incubation for 2 wk, 5 × 102 treated or untreated cells in 6-well plates were mixed with paraformaldehyde (4%) and 
dyed with crystal violet (0.1%). After an incubation period of 30 min, the colony number was observed using a 
microscope.

Cell apoptosis assay
Apoptosis assessment was implemented based on the Annexin V-FITC/PI Apoptosis kit (Bender Med System, Vienna, 
Austria) manuals. In short, tumor cells were trypsinized, followed by resuspension in binding buffer. After the addition 
of Annexin V-FITC and PI at volumes of 5 μL and 10 μL, respectively, a FACSCalibur (BD Biosciences, Heidelberg, 
Germany) was applied for apoptosis detection according to the operation manual.

Real-time quantitative polymerase chain reaction
In this assay, total cellular RNAs prepared by TRIzol reagent (Invitrogen, Carlsbad, CA, United States) were quantified 
with a NanoDrop 2000 instrument (Thermo Scientic, Waltham, MA, United States) spectrophotometer, followed by 
synthesis into cDNA with a PrimeScript RT reagent kit (Takara, Tokyo, Japan) and the subsequent determination of the 
relative gene expression with the use of a SYBR Green PCR Kit (TaKaRa). After normalization against GAPDH (for 
circRNA and mRNA) and U6 (for miRNA), the relative fold changes were counted with the 2–ΔΔCt formula. See Table 1 for 
primers.

Cell transfection
For hsa_circ_0136666 stable upregulation, CRC cells were transfected with hsa_circ_0136666 overexpression vector (oe-
hsa_circ_0136666, Geenseed Biotech, Guangzhou, China). In addition, 40 nM each of miR-1301-3p mimic and inhibitor, as 
well as chemokine (C-X-C motif) ligand 1 (CXCL1) small interfering RNA (si-CXCL1) and their corresponding controls 
(mimic NC, inhibitor NC, si-NC), were transfected. These oligonucleotides were provided by RiboBio (Guangzhou, 
China). Lipofectamine 3000 reagent (Invitrogen) was utilized for transfection, and further analysis was conducted after a 
48-hour incubation.

5-Ethynyl-2’-deoxyuridine assay
Briefly, 5-Ethynyl-2’-deoxyuridine (EdU) (50 μM, RiboBio) was placed into CRC cells (4 × 104 cells/well), followed by a 2-
hour incubation. After immobilization in a formaldehyde solution (4%), the cells were treated with Apollo and 4',6-
diamidino-2-phenylindole (DAPI). Finally, EdU-positive cells were counted by imaging five random fields using a 
fluorescence microscope (Olympus, Tokyo, Japan). Cell proliferation was calculated after normalizing the EdU-positive 
cell (red) count against the DAPI-stained cell (blue) count.

Cell cycle assay
In brief, CRC cells were trypsinized, followed by fixation in ice-cold ethanol overnight. The PBS-rinsed cells were then 
resuspended in PI (Bender Med System) for 30 min at 37 °C. Referring to the operation manual of FACSCalibur (BD 
Biosciences), the cell cycle distribution was assessed in this assay.

Western blot analysis
Cell lysates were prepared from 5 × 106 treated or untreated CRC cells in 6-well plates following the RIPA buffer 
(Beyotime, Nantong, China) instructions. After that, the specimens were subjected to SDS-PAGE (10%) and electrotransfer 
onto nitrocellulose membranes (Millipore, Molsheim, France). After being probed using the primary antibodies (Abcam, 
Cambridge, MA, United States): B-cell lymphoma-2 (Bcl-2; ab59348, 1:1000), Bcl-2 related X protein (Bax; ab53154, 1:1000), 
CXCL1 (1:100, ab206411), and β-actin (1:1000, ab8227) overnight, the immune complexes were treated with a 2-hour 
incubation with a secondary antibody (ab6721, 1:10000), followed by visualization with an ECL reagent (Amersham 
Biosciences, Pittsburg, PA, Sweden).

RNA pull-down assay
In short, probe-coated beads, generated by 2 h of room temperature incubation of the biotinylated hsa_circ_0136666 or 
NC probe (GenePharma, Shanghai, China) with magnetic beads, were incubated with SW480 and SW620 Lysates that 
were collected after sonication. Finally, the bead-bound RNA complexes were subjected to real-time quantitative PCR 
(RT-qPCR) analysis.

RNA immunoprecipitation assay
Briefly, SW480 and SW620 cells were cultured to 80% confluency through overnight incubation, followed by immersion 
in complete RNA immunoprecipitation (RIP) lysis buffer (Millipore). Then, the cell lysates were incubated with anti-
Argonaute2 (Ago2) or immunoglobulin G (IgG) and 2 h of treatment with magnetic protein A/G beads. At length, the 
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Table 1 Primer sequences for real-time quantitative PCR

Names Sequences (5’-3’)

hsa_circ_0136666: Forward AGGTGCTCACTGTGCTGAAA

hsa_circ_0136666: Reverse CAGATGTTCATTGGGTCCAT

hsa_circ_0000896: Forward ACTTCATTGAGAGCTCCTTCTGG

hsa_circ_0000896: Reverse CTTCAGAGTCCTCGAAGGAAGA

hsa_circ_0000392: Forward TCAAGTTACTGAGAAGAAAAAGCTG

hsa_circ_0000392: Reverse GTCCTCGAGGCACTCACAAT

miR-1301-3p: Forward TTACAGCTGCCTGAGAGTGACTTA

miR-1301-3p: Reverse CTCTACAGCTATATTGCCAGCCA

miR-34a-5p: Forward TCCGAGTGGCAGTGTCTTAG

miR-34a-5p: Reverse CTCAACTGGTGTCGTGGAG

miR-216a-3p: Forward ATAGTCACAGTGGTCTCTGG

miR-216a-3p: Reverse CTCAACTGGTGTCGTGGAG

CXCL1: Forward AACCGAAGTCATAGCCACAC

CXCL1: Reverse GTTGGATTTGTCACTGTTCAGC

U6: Forward CTCGCTTCGGCAGCACA

U6: Reverse AACGCTTCACGAATTTGCGT

GAPDH: Forward GGTCACCAGGGCTGCTTT

GAPDH: Reverse GGAAGATGGTGATGGGATT

samples were isolated for RT-qPCR quantification of hsa_circ_0136666 and miR-1301-3p.

Dual-luciferase reporter assay
In brief, hsa_circ_0136666 and CXCL1 3’ untranslated region (3’UTR) segments possessing miR-1301-3p-matched regions 
or mismatches were introduced into the psiCHECK2 vector (Promega, Madison, WI, United States) to generate 
hsa_circ_0136666 wild-type (wt)/mutant-type (mut) and CXCL1 3’UTR wt/mut reporter vectors. Subsequently, the 
indicated reporter vector (50 ng) was transfected into 293T cells (Sigma-Aldrich) with miR-1301-3p mimic or mimic NC 
(20 nM), followed by luciferase activity detection with the use of a dual-luciferase reporter (DLR) assay system 
(Promega).

Tumor xenograft assay
After obtaining the approval of the Animal Ethics Committee of the Second Affiliated Hospital of Kunming Medical 
University, we used BALB/C nude mice (Vital River Laboratory, Beijing, China) raised under a specific-pathogen-free 
environment for experiments. Male mice aged 5 wk were arranged in 4 groups (vector + DMSO, oe-hsa_circ_0136666 + 
DMSO, vector + curcumin, and oe-hsa_circ_0136666 + curcumin) with 6 mice in each group. SW480 cells (1 × 105) were 
transfected with vector or oe-hsa_circ_0136666, followed by subcutaneous inoculation into nude mice. Seven days later, 
these groups were treated with intraperitoneal DMSO or curcumin (25 mg/kg) injection twice a week. Additionally, a 
caliper was used to examine the tumor size once a week. All mice were euthanized on day 35 after inoculation, and their 
tumors were resected and weighed for further analysis. Additionally, immunohistochemical staining (IHCS) was 
executed in xenograft tissue sections as per the prior description[25], with Ki67- and proliferating cell nuclear antigen 
(PCNA)-specific antibodies to assess proliferation. In addition, section observation and image recording were performed 
using a BX51 system microscope (Olympus) and a digital microscope camera (DP70; Olympus), respectively.

Enzyme-linked immunosorbent assay
A CXCL1-dedicated enzyme-linked immunosorbent assay (ELISA) kit was used to quantify CXCL1. After curcumin (20 
μM, 24 h) treatment, the culture media of SW480 and SW620 cells were collected and measured using a human CXCL1 
ELISA kit (ab190805, Abcam) according to the manufacturer’s instructions.

Statistical methods
Data were obtained from experiments run independently in triplicate at least with the results analyzed using GraphPad 
Prism 7 (GraphPad Prism software, San Diego, CA, United States), and statistical significance was indicated by P < 0.05. 
Meanwhile, the mean ± SD was used for statistical description of the data. Intergroup and multigroup differences were 
identified by two-tailed Student’s t test and one-way analysis of variance (ANOVA) with Tukey’s tests, respectively.
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Figure 1 The impacts of curcumin treatment on colorectal carcinoma (SW480 and SW620) cell proliferation and apoptosis. Colorectal 
carcinoma (CRC) cells were treated with DMSO or curcumin (20 μM). A: Cell viability was detected in treated or untreated SW480 and SW620 using cell counting kit-
8 assays; B and C: Colony number assessment by colony-forming cell assays in treated or untreated SW480 and SW620; D and E: Apoptosis rate analysis in treated 
or untreated CRC cells by flow cytometry assays; F: Real-time quantitative PCR analysis of hsa_circ_0000392, hsa_circ_0000896, and hsa_circ_0136666 expression 
in treated or untreated SW480 and SW620 cells. 1P < 0.05.

RESULTS
Curcumin repressed CRC cell proliferation and boosted apoptosis
First, CRC SW480 and SW620 cells were treated with 20 μM curcumin to investigate the functional role played by 
curcumin in CRC. The CCK-8 results showed that 20 μM curcumin intervention was not toxic to NCM460, a normal 
human colon mucosal epithelial cell line (Supplementary Figure 1). As presented in Figure 1A, decreased cell viability 
was observed due to curcumin intervention compared to both the control and DMSO-treated groups. Consistently, 
curcumin treatment distinctly reduced the colony number of SW480 and SW620 cells relative to their control groups 
(Figure 1B and C). Furthermore, the apoptosis rate in the curcumin group was markedly improved in comparison with 
that in the other groups (Figure 1D and E). In addition, previous studies indicated the involvement of hsa_circ_0000392, 
hsa_circ_0000896, and hsa_circ_0136666 in the regulation of CRC progression[26]. Interestingly, curcumin treatment 
significantly decreased hsa_circ_0136666 expression in SW480 and SW620 cells but had no effect on hsa_circ_0000392 or 
hsa_circ_0000896 expression (Figure 1F). Therefore, follow-up studies were conducted on hsa_circ_0136666. Together, 
these data indicated the suppressive role of curcumin in CRC development.

https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf


Chen S et al. Curcumin axis on colorectal carcinoma cells

WJGO https://www.wjgnet.com 2125 December 15, 2023 Volume 15 Issue 12



Chen S et al. Curcumin axis on colorectal carcinoma cells

WJGO https://www.wjgnet.com 2126 December 15, 2023 Volume 15 Issue 12

Figure 2 Overexpressing hsa_circ_0136666 overturned the effect of curcumin on proliferation in colorectal carcinoma SW480 and SW620 
cells. Colorectal carcinoma cells were treated with DMSO, curcumin, curcumin + vector, and curcumin + oe-hsa_circ_0136666. A: Cell counting kit-8 assays 
examined SW480 and SW620 cell viability after treatment; B and C: Colony-forming cell assays detected colony numbers in treated SW480 and SW620; D and E: 5-
Ethynyl-2’-deoxyuridine assays measured positive cells in treated SW480 and SW620; F and G: Flow cytometry assays analyzed cell cycle distribution in treated 
SW480 and SW620. 1P < 0.05.

Overexpression of hsa_circ_0136666 reversed curcumin-mediated CRC cell growth and apoptosis in vitro
Subsequently, the influence of hsa_circ_013666 and curcumin on CRC cell malignant biological behaviors was 
determined. First, the overexpression efficiency of hsa_circ_0136666 was successful (Supplementary Figure 2A). The data 
suggested that hsa_circ_0136666 upregulation could abrogate the inhibition of SW480 and SW620 cell viability and colony 
counts by curcumin (Figure 2A-C). Similarly, the reduction in EdU-positive cells caused by curcumin was also evidently 
ameliorated by hsa_circ_0136666 overexpression (Figure 2D and E). In addition, curcumin treatment might block cell 
cycle progression in SW480 and SW620 cells, which was significantly counteracted by oe-hsa_circ_0136666 transfection 
(Figure 2F and G). In addition, elevated hsa_circ_0136666 significantly mitigated the positive effect of curcumin on the 
apoptosis rate in SW480 and SW620 cells (Figure 3A and B). Meanwhile, curcumin treatment induced a marked decrease 
in Bcl-2 (an anti-apoptosis factor) and a substantial increase in Bax (a pro-apoptosis factor), which was reversed by 
hsa_circ_0136666 enrichment (Figure 3C and D). Collectively, hsa_circ_0136666 upregulation abolished the impacts of 
curcumin on CRC cell growth and apoptosis.

https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
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Figure 3 Upregulating hsa_circ_0136666 overturned curcumin-mediated apoptosis promotion in colorectal carcinoma cells. SW480 and 
SW620 were treated with DMSO, curcumin, curcumin + vector, and curcumin + oe-hsa_circ_0136666. A and B: Flow cytometry assays tested apoptosis rate in 
treated SW480 and SW620; C and D: Western blot assays determined Bcl-2 and Bax protein levels in treated SW480 and SW620. 1P < 0.05.

Hsa_circ_0136666 directly interacted with miR-1301-3p
Then, we searched 3 potential target miRNAs of hsa_circ_0136666, namely, miR-34a-5p, miR-1301-3p, and miR-216-3p, 
from circBank. All these miRNAs were subjected to RNA pull-down analysis. In SW480 and SW620 cells, only miR-1301-
3p was substantially pulled down by the biotinylated hsa_circ_0136666 probe (Figure 4A). In addition, the RIP assay 
showed that hsa_circ_0136666 and miR-1301-3p were both greatly enriched in Ago2 pellets vs the IgG control group 
(Figure 4B). Thus, miR-1301-3p was chosen for further research. Furthermore, their binding loci are presented in 
Figure 4C. Furthermore, the miR-1301-3p mimic transfection efficiency is displayed in Supplementary Figure 2B. Then, 
the DLR assay showed that the miR-1301-3p mimic could decrease hsa_circ_0136666 wt luciferase activity in 293T cells, 
whereas it had no obvious impact on the mutant group (Figure 4D). Moreover, miR-1301-3p was enhanced by curcumin 
exposure in SW480 and SW620 cells compared with their control groups (Figure 4E), implying the participation of miR-
1301-3p in curcumin-mediated CRC development. Overall, miR-1301-3p acted as a direct target of hsa_circ_0136666.

Hsa_circ_0136666 could reverse curcumin-triggered CRC cell proliferation and apoptosis by interacting with miR-
1301-3p
Next, the influence of hsa_circ_0136666/miR-1301-3p on curcumin-medicated proliferation and apoptosis was further 
explored. According to the RT-qPCR assay, elevated hsa_circ_0136666 repressed miR-1301-3p levels in CRC cells, while 
miR-1301-3p mimic cotransfection counteracted these effects (Figure 5A). Functionally, miR-1301-3p upregulation 
weakened the cell growth ability-promoting effect of hsa_circ_0136666 in curcumin-treated SW480 and SW620 cells 
(Figure 5B-E). Similarly, hsa_circ_0136666 overexpression-induced enhancement of cell cycle progression was partly 
abated by miR-1301-3p upregulation in curcumin-induced SW480 and SW620 cells (Figure 5F). In addition, miR-1301-3p 
mimic introduction promoted the suppressive action of hsa_circ_0136666 overexpression against apoptosis in curcumin-
stimulated CRC cells (Figure 5G and H), accompanied by lowered Bcl-2 and elevated Bax levels (Figure 5I and J). Overall, 
hsa_circ_0136666 could partly regulate proliferation and apoptosis by targeting miR-1301-3p in curcumin-treated CRC 
cells.

https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
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Figure 4 Hsa_circ_0136666 directly bound to miR-1301-3p. A: Real-time quantitative PCR (RT-qPCR) measured relative levels of 3 miRNA candidates in 
SW480 and SW620 lysates; B: RNA immunoprecipitation assays assessed miR-1301-3p endogenously associated with hsa_circ_0136666 in SW480 and SW620 
extracts; C: Binding loci between hsa_circ_0136666 and miR-1301-3p and the hsa_circ_0136666 mut sequence; D: The binding relationship was verified by a dual-
luciferase reporter assay; E: RT-qPCR assays quantified miR-1301-3p in SW480, SW480 + DMSO, SW480 + curcumin, SW620, SW620 + DMSO, and SW620 + 
curcumin. 1P < 0.05. wt: Wild-type; mut: Mutant-type.
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Figure 5 miR-1301-3p overturned the effect of hsa_circ_0136666 on growth and apoptosis in curcumin-treated colorectal carcinoma cells. 
A: Real-time quantitative PCR assays quantified miR-1301-3p levels in SW480 and SW620 transfected with vector, oe-hsa_circ_0136666, oe-
hsa_circ_0136666+mimic NC, and oe-hsa_circ_0136666 + miR-1301-3p mimic; B-J: Colorectal carcinoma cells were intervened by curcumin after transfection; B: 
Cell counting kit-8 assays measured cell viability; C and D: Colony-forming cell assays determined the colony number; E: 5-Ethynyl-2’-deoxyuridine assays examined 
positive cell count; F: Flow cytometry assays determined cell cycle distribution; G and H: Flow cytometry assays tested apoptosis; I and J: Western blot assays 
quantified Bcl-2 and Bax protein levels. 1P < 0.05.

miR-1301-3p directly targeted CXCL1
According to starBase analysis, the CXCL1 3’UTR possessed some complementary loci with miR-1301-3p (Figure 6A). The 
DLR assay suggested that miR-1301-3p upregulation significantly hindered CXCL1 3’UTR reporter luciferase activity but 
not the mutant group (Figure 6B). Notably, CXCL1 Levels were significantly downregulated by curcumin treatment in 
CRC cells (Figure 6C). Moreover, ELISA showed that CXCL1 levels were obviously reduced by curcumin treatment in 
CRC cells (Supplementary Figure 3A). Moreover, elevated hsa_circ_0136666 could facilitate CXCL1 protein levels in CRC 
cells, and miR-1301-3p upregulation distinctly attenuated this effect (Figure 6D), implying the ability of hsa_circ_0136666 
to modulate CXCL1 by sponging miR-1301-3p. Meanwhile, ELISA showed that hsa_circ_0136666 overexpression might 
increase CXCL1 secretion in CRC cells, which was reversed by miR-1301-3p overexpression (Supplementary Figure 3B). 
Overall, CXCL1 acted as a direct target of miR-1301-3p.

miR-1301-3p knockdown reversed the curcumin-induced increase in CRC cell growth and decrease in apoptosis by 
targeting CXCL1
The roles played by miR-1301-3p and CXCL1 in curcumin-mediated proliferation and apoptosis were explored. Simultan-
eously, the introduction of miR-1301-3p inhibitor and si-CXCL1 into SW480 and SW620 cells was performed, followed by 
transfection efficiency assessment (Figure 7A and B). Meanwhile, ELISA showed that the introduction of si-CXCL1 might 
reduce CXCL1 secretion in SW480 and SW620 cells (Supplementary Figure 3C). In addition, reduced miR-1301-3p could 
reinforce the CXCL1 protein level, while the cotransfection of si-CXCL1 counteracted the effect in SW480 and SW620 cells 
(Figure 7C). Additionally, ELISA showed that CXCL1 downregulation might significantly abolish the promotion of 
CXCL1 secretion by the miR-1301-3p inhibitor (Supplementary Figure 3D). Functionally, the augmented cell proliferative 
ability and cell cycle progression induced by miR-1301-3p downregulation were significantly relieved by CXCL1 
knockdown in curcumin-treated SW480 and SW620 cells (Figure 7D-H). In addition, the introduction of si-CXCL1 
abolished the negative action of miR-1301-3p knockdown against apoptosis in curcumin-exposed CRC cells (Figure 7I 
and J), manifested as decreased Bcl-2 and increased Bax levels (Figure 7K and L). In summary, miR-1301-3p regulated 
proliferation and apoptosis by interacting with CXCL1 in curcumin-treated CRC cells.

Curcumin repressed CRC cell growth by regulating hsa_circ_0136666 in vivo
We established mouse xenograft models of CRC to validate the functional effect of hsa_circ_0136666 and curcumin on in 
vivo tumor growth. As indicated by Figure 8A and B, curcumin could distinctly dampen tumor growth (reduced tumor 

https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c62764f5-88e1-4ba0-90e5-1eae3998e643/WJGO-15-2120-supplementary-material.pdf
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Figure 6 CXCL1 was miR-1301-3p’s direct target. A: Putative binding sequences between miR-1301-3p and CXCL1 3’UTR, and mutant sites in CXCL1 
3’UTR mut; B: Validation of prediction by dual-luciferase reporter assay; C: Western blot assay quantification of CXCL1 protein in SW480, SW480 + DMSO, SW480 + 
curcumin, SW620, SW620 + DMSO, and SW620 + curcumin; D: Western blot assay quantification of CXCL1 protein in SW480 and SW620 transfected with vector, 
oe-hsa_circ_0136666, oe-hsa_circ_0136666 + mimic NC, and oe-hsa_circ_0136666 + miR-1301-3p mimic. 1P < 0.05. 3’UTR: 3’ untranslated region; wt: Wild-type; 
mut: Mutant-type.

volume and weight), whereas the overexpression of hsa_circ_0136666 partially attenuated these effects in xenografts 
(Figure 8A and B). Furthermore, our data showed that curcumin injection could abate hsa_circ_0136666 and CXCL1 
Levels in tumor tissues derived from oe-hsa_circ_0136666-transfected SW480 cells (Figure 8C). Synchronously, miR-1301-
3p displayed an opposite trend in this xenograft (Figure 8C and D). In addition, IHCS revealed that Ki-67 and PCNA 
(standard proliferation markers) levels were dampened by hsa_circ_0136666 deficiency in this xenograft (Figure 8E). 
Together, curcumin suppressed CRC cell growth by regulating hsa_circ_0136666 in vivo.

DISCUSSION
In this research, the role and mechanism of curcumin in CRC development were explored. Here, we found that curcumin 
repressed CRC cell proliferation and boosted apoptosis and first verified that it was associated with the hsa_circ_013-
6666/miR-1301-3p/CXCL1 regulatory network.

Work in several laboratories has revealed that curcumin, a natural polyphenolic compound, presents antioxidant, anti-
inflammatory, and anticancer properties[27-29]. Recently, it has become evident that curcumin can repress tumor 
progression in a variety of cancers[30,31]. In terms of CRC, some studies have indicated that curcumin is a novel agent to 
prevent cancer development[32-34]. In this regard, the present study suggested the antiproliferative and pro-apoptotic 
actions of curcumin on CRC, consistent with previous reports[35,36]. Notably, previous documents discovered that 
circRNAs might be a potential mechanism through which curcumin modulates tumor development[20,21]. In this paper, 
we found that curcumin could reduce hsa_circ_0136666 levels in CRC cells for the first time. Moreover, recent studies 
have described that hsa_circ_0136666 acts as a carcinogenic factor by accelerating proliferation and metastasis in CRC[19,
37]. Functional analysis suggested that overexpressing hsa_circ_0136666 abolished the curcumin-triggered decline in CRC 
cell proliferative ability and augmentation of apoptosis in vitro. As expected, hsa_circ_0136666 upregulation also partly 
reversed the repressive action of curcumin on CRC cell growth in vivo. That is, the regulatory role of curcumin in the 
development of CRC might be correlated with hsa_circ_0136666.

CircRNAs are mostly stable transcripts with a large number of miRNA-binding loci, enabling them to act as miRNA 
sponges to repress miRNA modulation of downstream target genes in various human cancers[38,39]. In the current work, 
we first identified the role of miR-1301-3p as a novel miRNA target of hsa_circ_0136666. Similarly, miR-1301-3p was 
verified as a tumor-associated miRNA in thyroid papillary, breast, and bladder cancers[40-42]. miR-1301-3p has also been 
demonstrated to impede CRC cell proliferation and induce apoptosis[24]. Consistent with previous work, miR-1301-3p 
downregulation was also proven in CRC cells. Interestingly, we observed enhanced miR-1301-3p by curcumin. 
Furthermore, upregulating miR-1301-3p reversed the effects of hsa_circ_0136666 on curcumin-treated CRC cell growth 
and apoptosis. These findings imply that curcumin can hinder CRC development by a ceRNA effect of hsa_circ_0136666 
and miR-1301-3p.

Analogously, the possible miR-1301-3p-interacting target gene was searched based on bioinformatics, and CXCL1 was 
validated. CXCL1 is a chemokine of epithelial origin in rodents and humans that elevates tumor epithelia-stromal 
interactions and boosts tumor growth and invasion[43]. Further studies have shown that CXCL1 plays a tumorigenic role 
in multiple cancers[44,45], including CRC[46]. Meanwhile, the participation of CXCL1 in the modulation of malignant 
tumor progression by curcumin has been demonstrated[47,48]. In concordance with these findings, CXCL1 was identified 
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Figure 7 Downregulating CXCL1 abrogated the influence of miR-1301-3p knockdown on curcumin-triggered colorectal carcinoma cell 
proliferation and apoptosis. A: Real-time quantitative PCR assay measurement of miR-1301-3p in inhibitor NC and miR-1301-3p inhibitor-transfected SW480 
and SW620; B: Western blot assay of CXCL1 protein in si-NC or si-CXCL1-transfected SW480 and SW620; C: Western blot assay of CXCL1 protein in SW480 and 
SW620 after inhibitor NC, miR-1301-3p inhibitor, miR-1301-3p inhibitor + si-NC and miR-1301-3p inhibitor + si-CXCL1 transfection; D-L: Colorectal carcinoma cells 
were intervened by curcumin after transfection; D: Cell counting kit-8 assay of cell viability; E and F: Colony-forming cell assay of colony number; G: 5-Ethynyl-2’-
deoxyuridine assay of positive cells; H: Flow cytometry assay of cell cycle distribution; I and J: Flow cytometry assay of apoptosis; K and L: Western blot assay of Bcl-
2 and Bax protein levels. 1P < 0.05.

to be downregulated by curcumin treatment. Synchronously, the miR-1301-3p inhibitor enhanced cell growth and 
repressed apoptosis in curcumin-stimulated CRC cells by targeting CXCL1. Additionally, hsa_circ_0136666 modulated 
CXCL1 by sponging miR-1301-3p, further verifying that hsa_circ_0136666 regulation of tumor development can be 
mediated through miR-1301-3p/CXCL1 signaling.

CONCLUSION
Hsa_circ_0136666 relieves curcumin-induced CRC cell growth and apoptosis partly via miR-1301-3p/CXCL1 signaling. 
This study elucidates a new mechanism of curcumin and sheds light on developing a new therapeutic for CRC treatment.

Figure 8 Overexpressing hsa_circ_0136666 abolished the repression of curcumin on colorectal carcinoma growth in vivo. The nude mice 
were subcutaneously inoculated with SW480 introduced with vector or oe-hsa_circ_0136666, followed by intraperitoneal curcumin (25 mg/kg) injection one week 
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later. A and B: Tumour volume and tumour weight measurements in the xenografts; C: Real-time quantitative PCR assay quantification of hsa_circ_0136666, miR-
1301-3p, and CXCL1 in xenografts; D: Western blot assay of CXCL1 protein in xenografts; E: Immunohistochemical staining of Ki-67 and proliferating cell nuclear 
antigen expression in xenografts. 1P < 0.05. PCNA: Proliferating cell nuclear antigen.

ARTICLE HIGHLIGHTS
Research background
Colorectal carcinoma (CRC) is the most frequent-occurring malignant tumour in the United States. Curcumin exerts anti-
tumor activity in CRC, but the underlying mechanism needs further elucidation. Meanwhile, over the last decade, 
circular RNAs (circRNAs) is correlated with the initiation and development of various tumors, containing CRC. Also, the 
increasing focus on the competing endogenous RNAs hypothesis is that circRNAs serve as microRNA sponges to 
derepress target mRNAs’ levels.

Research motivation
Clinically, it is urgent to find a more effective therapy, which has high clinical significance for CRC patients. Currently, 
the chemo-preventive properties of traditional Chinese medicine have drawn great attention in cancer therapeutics. As a 
naturally occurring medicine, curcumin is derived from the medical plant Curcuma longa L. However, it needs further 
investigation regarding the mechanism through which curcumin affects CRC development.

Research objectives
This study aims at illuminating whether hsa_circ_0136666 involvement on curcumin-triggered CRC progression was 
mediated via sponging miR-1301-3p.

Research methods
CRC cells were adopted and treated with 20 μM curcumin for 24 h. Then, for hsa_circ_0136666 stably upregulation, CRC 
cells were treated with hsa_circ_0136666 overexpression vector transfection or miR-1301-3p mimic and inhibitor. Real-
time quantitative PCR was used to quantified the expression of hsa_circ_0136666, miR-1301-3p and CXCL1. Cell counting 
kit-8, colony-forming cell, 5-ethynyl-2’-deoxyuridine, and flow cytometry assays were carried out to determine cell prolif-
eration, apoptosis, and cell cycle progression. The relationship between hsa_circ_0136666, miR-1301-3p and CXCL1 were 
validated by RNA pull-down, RIP, and dual-luciferase reporter assay. In vivo experiments were implemented by the 
murine xenograft model.

Research results
Curcumin treatment could distinctly reduce the colony number of SW480 and SW620 cells relative to their control groups. 
Furthermore, the apoptosis rate in the curcumin group was markedly improved in comparison with other groups 
Interestingly, curcumin treatment significantly decreased hsa_circ_0136666 in SW480 and SW620 but had no effect on 
hsa_circ_0000392 and hsa_circ_0000896 expression. These data indicated the suppressive role of curcumin on CRC 
development. hsa_circ_0136666 upregulation could abolish the impacts of curcumin on CRC cell growth and apoptosis. 
Meanwhile, miR-1301-3p acted as a direct target of hsa_circ_0136666 and miR-1301-3p directly targeted CXCL1. 
Hsa_circ_0136666 could reverse curcumin-triggered CRC cell proliferation and apoptosis by interacting with miR-1301-3p 
while miR-1301-3p knockdown overturned curcumin-induced increase in CRC cell growth and decrease in apoptosis by 
targeting CXCL1. Curcumin repressed CRC cell growth via regulating hsa_circ_0136666 in vivo.

Research conclusions
Curcumin repressed CRC cell proliferation and boosted apoptosis, and first verified it was associated with the regulatory 
network of the hsa_circ_0136666/miR-1301-3p/CXCL1. Hsa_circ_0136666 relieves curcumin-induced CRC cell growth 
and apoptosis partly via the miR-1301-3p/CXCL1 signaling.

Research perspectives
This study elucidates a new mechanism of curcumin and sheds light on developing a new therapeutic for CRC treatment.
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