
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

World J Gastrointest Oncol  2024 July 15; 16(7): 2867-3367

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I July 15, 2024 Volume 16 Issue 7

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 16 Number 7 July 15, 2024

EDITORIAL

Oncolytic virotherapy for hepatocellular carcinoma: A potent immunotherapeutic landscape2867

Xiao R, Jin H, Huang F, Huang B, Wang H, Wang YG

Can the preoperative prognostic nutritional index be used as a postoperative predictor of gastric or 
gastroesophageal junction adenocarcinoma?

2877

Feng YW, Wang HY, Lin Q

Esophageal cancer: A global challenge requiring tailored strategies2881

Cheng CY, Hao WR, Cheng TH

Effectiveness of transarterial chemoembolization in combination with lenvatinib and programmed cell 
death protein-1 inhibition for unresectable hepatocellular carcinoma

2884

Chisthi MM

Maximizing therapeutic outcomes in hepatocellular carcinoma: Insights into combinatorial strategies2888

Ilhan Y, Ergun Y

Human β-defensin-1 activates autophagy in human colon cancer cells via regulation of long non-coding 
RNA TCONS_00014506

2894

Eid N, Davamani F

REVIEW

Role of molecular biology in the management of pancreatic cancer2902

Boileve A, Smolenschi C, Lambert A, Boige V, Tarabay A, Valery M, Fuerea A, Pudlarz T, Conroy T, Hollebecque A, 
Ducreux M

MINIREVIEWS

Advances in immunotherapy of M2 macrophages and gastrointestinal stromal tumor2915

Wang XK, Yang X, Yao TH, Tao PX, Jia GJ, Sun DX, Yi L, Gu YH

ORIGINAL ARTICLE

Case Control Study

Disparities in the diagnosis and treatment of colorectal cancer among patients with disabilities2925

Kim KB, Shin DW, Yeob KE, Kim SY, Han JH, Park SM, Park JH, Park JH

Retrospective Study

Effectiveness and safety of sequential transarterial chemoembolization and microwave ablation for 
subphrenic hepatocellular carcinoma: A comprehensive evaluation

2941

Zhu ZY, Qian Z, Qin ZQ, Xie B, Wei JZ, Yang PP, Yuan M



WJGO https://www.wjgnet.com II July 15, 2024 Volume 16 Issue 7

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 7 July 15, 2024

Combined use of dexmedetomidine and nalbuphine in laparoscopic radical gastrectomy for gastric cancer2952

Zhao GG, Lou C, Gao RL, Lei FX, Zhao J

Development and validation of a nomogram for predicting lymph node metastasis in early gastric cancer2960

He JY, Cao MX, Li EZ, Hu C, Zhang YQ, Zhang RL, Cheng XD, Xu ZY

Observational Study

Comprehensive serum proteomics profiles and potential protein biomarkers for the early detection of 
advanced adenoma and colorectal cancer

2971

Tan C, Qin G, Wang QQ, Li KM, Zhou YC, Yao SK

Clinical and Translational Research

Network pharmacology- and molecular docking-based exploration of the molecular mechanism 
underlying Jianpi Yiwei Recipe treatment of gastric cancer

2988

Chen P, Wu HY

Survival disparities among racial groups with hepatic malignant tumors2999

Han D, Zhang ZY, Deng JY, Du HB

Adipocytes impact on gastric cancer progression: Prognostic insights and molecular features3011

Shang JR, Zhu J, Bai L, Kulabiek D, Zhai XX, Zheng X, Qian J

Integrated single-cell and bulk RNA sequencing revealed an epigenetic signature predicts prognosis and 
tumor microenvironment colorectal cancer heterogeneity

3032

Liu HX, Feng J, Jiang JJ, Shen WJ, Zheng Y, Liu G, Gao XY

Causal effects of genetic birth weight and gestational age on adult esophageal diseases: Mendelian 
randomization study

3055

Ruan LC, Zhang Y, Su L, Zhu LX, Wang SL, Guo Q, Wan BG, Qiu SY, Hu S, Wei YP, Zheng QL

Prognostic significance of exportin-5 in hepatocellular carcinoma3069

Li H, Li F, Wang BS, Zhu BL

BCAR3 and BCAR3-related competing endogenous RNA expression in hepatocellular carcinoma and their 
prognostic value

3082

Shi HQ, Huang S, Ma XY, Tan ZJ, Luo R, Luo B, Zhang W, Shi L, Zhong XL, Lü MH, Chen X, Tang XW

Glycolysis-related five-gene signature correlates with prognosis and immune infiltration in gastric cancer3097

Meng XY, Yang D, Zhang B, Zhang T, Zheng ZC, Zhao Y

Basic Study

Kombo knife combined with sorafenib in liver cancer treatment: Efficacy and safety under immune 
function influence

3118

Cao Y, Li PP, Qiao BL, Li QW

Yiqi Jiedu Huayu decoction inhibits precancerous lesions of chronic atrophic gastritis by inhibiting NLRP3 
inflammasome-mediated pyroptosis

3158

Zhou P, Zheng ZH, Wan T, Liao CW, Wu J



WJGO https://www.wjgnet.com III July 15, 2024 Volume 16 Issue 7

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 7 July 15, 2024

Multi-Omics analysis elucidates tumor microenvironment and intratumor microbes of angiogenesis 
subtypes in colon cancer

3169

Yang Y, Qiu YT, Li WK, Cui ZL, Teng S, Wang YD, Wu J

Baitouweng decoction suppresses growth of esophageal carcinoma cells through miR-495-
3p/BUB1/STAT3 axis

3193

Yang H, Chen XW, Song XJ, Du HY, Si FC

Weiwei Decoction alleviates gastric intestinal metaplasia through the olfactomedin 4/nucleotide-binding 
oligomerization domain 1/caudal-type homeobox gene 2 signaling pathway

3211

Zhou DS, Zhang WJ, Song SY, Hong XX, Yang WQ, Li JJ, Xu JQ, Kang JY, Cai TT, Xu YF, Guo SJ, Pan HF, Li HW

Aldehyde dehydrogenase 2 family member repression promotes colorectal cancer progression by 
JNK/p38 MAPK pathways-mediated apoptosis and DNA damage

3230

Yu M, Chen Q, Lu YP

RBM5 suppresses proliferation, metastasis and glycolysis of colorectal cancer cells via stabilizing 
phosphatase and tensin homolog mRNA

3241

Wang CX, Liu F, Wang Y

Immune effect and prognosis of transcatheter arterial chemoembolization and tyrosine kinase inhibitors 
therapy in patients with hepatocellular carcinoma

3256

Guo Y, Li RC, Xia WL, Yang X, Zhu WB, Li FT, Hu HT, Li HL

N6-methyladenosine modification of hypoxia-inducible factor-1α regulates Helicobacter pylori-associated 

gastric cancer via the PI3K/AKT pathway

3270

An TY, Hu QM, Ni P, Hua YQ, Wang D, Duan GC, Chen SY, Jia B

Canopy FGF signaling regulator 3 affects prognosis, immune infiltration, and PI3K/AKT pathway in colon 
adenocarcinoma

3284

Gao XC, Zhou BH, Ji ZX, Li Q, Liu HN

META-ANALYSIS

Clinical and pathological features of advanced rectal cancer with submesenteric root lymph node 
metastasis: Meta-analysis

3299

Wang Q, Zhu FX, Shi M

Clinical benefits of transarterial chemoembolization combined with tyrosine kinase and immune 
checkpoint inhibitors for unresectable hepatocellular carcinoma

3308

Han F, Wang XH, Xu CZ

SCIENTOMETRICS

Research trends and hotspots in the immune microenvironment related to hepatocellular carcinoma: A 
bibliometric and visualization study

3321

Zhang DY, Bai FH



WJGO https://www.wjgnet.com IX July 15, 2024 Volume 16 Issue 7

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 7 July 15, 2024

CASE REPORT

Gastric cancer metastatic to the breast: A case report3331

Liu JH, Dhamija G, Jiang Y, He D, Zhou XC

Rare infiltrative primary hepatic angiosarcoma: A case report and review of literature3341

Lin XJ, Luo HC

Metachronous multifocal carcinoma: A case report3350

Wan DD, Li XJ, Wang XR, Liu TX

BRAF K601E-mutated metastatic colorectal cancer in response to combination therapy with encorafenib, 
binimetinib, and cetuximab: A case report

3357

Sasaki M, Shimura T, Nishie H, Kuroyanagi K, Kanno T, Fukusada S, Sugimura N, Mizuno Y, Nukui T, Uno K, Kojima Y, 
Nishigaki R, Tanaka M, Ozeki K, Kubota E, Kataoka H

LETTER TO THE EDITOR

Challenges in early detection and endoscopic resection of esophageal cancer: There is a long way to go3364

Liu S, Chen LX, Ye LS, Hu B



WJGO https://www.wjgnet.com X July 15, 2024 Volume 16 Issue 7

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 7 July 15, 2024

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Meysam Ebrahimifar, MSc, PhD, Research 
Assistant Professor, Department of Toxicology, Islamic Azad University, Isfahan 1477893855, Iran.  
ebrahimifar67@gmail.com

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 2024 edition of Journal Citation 
Reports® cites the 2023 journal impact factor (JIF) for WJGO as 2.5; JIF without journal self cites: 2.5; 5-year JIF: 2.8; 
JIF Rank: 71/143 in gastroenterology and hepatology; JIF Quartile: Q2; and 5-year JIF Quartile: Q2. The WJGO’s 
CiteScore for 2023 is 4.2 and Scopus CiteScore rank 2023: Gastroenterology is 80/167; Oncology is 196/404.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Si Zhao; Production Department Director: Xiang Li; Cover Editor: 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

July 15, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.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:office@baishideng.com
https://www.wjgnet.com


WJGO https://www.wjgnet.com 3284 July 15, 2024 Volume 16 Issue 7

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2024 July 15; 16(7): 3284-3298

DOI: 10.4251/wjgo.v16.i7.3284 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Basic Study

Canopy FGF signaling regulator 3 affects prognosis, immune 
infiltration, and PI3K/AKT pathway in colon adenocarcinoma

Xu-Can Gao, Biao-Huan Zhou, Zhou-Xin Ji, Qiang Li, Hui-Ning Liu

Specialty type: Oncology

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

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade A, Grade 
A 
Novelty: Grade A, Grade A 
Creativity or Innovation: Grade A, 
Grade A 
Scientific Significance: Grade A, 
Grade B

P-Reviewer: Basson MD, United 
States

Received: March 23, 2024 
Revised: May 14, 2024 
Accepted: June 4, 2024 
Published online: July 15, 2024 
Processing time: 111 Days and 4.4 
Hours

Xu-Can Gao, Biao-Huan Zhou, Zhou-Xin Ji, Qiang Li, Hui-Ning Liu, Department of Anorectal 
Surgery, Shenzhen People’s Hospital (The Second Clinical Medical College, Jinan University, 
The First Affiliated Hospital, Southern University of Science and Technology), Shenzhen 
518020, Guangdong Province, China

Corresponding author: Xu-Can Gao, MD, Doctor, Department of Anorectal Surgery, Shenzhen 
People’s Hospital (The Second Clinical Medical College, Jinan University, The First Affiliated 
Hospital, Southern University of Science and Technology), No. 1017 Dongmen North Road, 
Cuizhu Street, Luohu District, Shenzhen 518020, Guangdong Province, China. 
logia@szhospital.com

Abstract
BACKGROUND 
Colon adenocarcinoma (COAD) is a malignant tumor of the digestive system. The 
mechanisms underlying COAD development and progression are still largely 
unknown.

AIM 
To identify the role of canopy FGF signaling regulator 3 (CNPY3) in the 
development and progression of COAD by using bioinformatic tools and 
functional experiments.

METHODS 
Bioinformatic data were downloaded from public databases. The associations of 
clinicopathological features, survival, and immune function with the expression of 
CNPY3 were analyzed. Gene Ontology and Kyoto Encyclopedia of Genes and 
Genomes analyses and Gene Set Enrichment Analysis were used to explore the 
related pathways. Then, quantitative real-time PCR and immunohistochemistry 
were used for validation of CNPY3 expression in clinical samples and tumor cell 
lines. Cell lines with CNPY3 knockdown were constructed to further analyze gene 
functions. The functional experiments included proliferation, invasion, migration 
and apoptosis assays.

RESULTS 
In both the TCGA cohort and the merged dataset, elevated CNPY3 expression 
was observed in tumor tissues. High CNPY3 expression correlated with adverse 
survival and compromised immune functions. Functional enrichment analysis 
suggested that the pro-oncogenic properties of CNPY3 might be linked to the 
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PI3K-AKT signaling pathway. CNPY3 expression was validated at both the RNA and protein levels. Functional 
assays indicated that cell proliferation, invasion, and migration were inhibited and cell apoptosis was promoted 
after CNPY3 knockdown. Additionally, Western blot results revealed the downregulation of key proteins in the 
PI3K/AKT pathway following CNPY3 knockdown. PI3K/AKT pathway activator reversed the decrease in prolif-
eration, invasion, and migration and the increase in apoptosis. Notably, CNPY3 knockdown still affected the cells 
when the pathway was inhibited.

CONCLUSION 
This study showed that CNPY3 is upregulated in COAD and might regulate COAD development and progression 
by the PI3K/AKT pathway. Thus, CNPY3 might be a promising therapeutic target.

Key Words: Canopy FGF signaling regulator 3; Colon cancer; Biomarker; Immune infiltration; Prognosis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: First, this is the first study reporting that canopy FGF signaling regulator 3 (CNPY3) was up-regulated in colon 
adenocarcinoma and might regulate tumor development and progression. Second, CNPY3 expression was validated in 
clinical samples and tumor cell lines. Third, functional experiments indicated that cell proliferation, invasion, and migration 
were inhibited and cell apoptosis was promoted after CNPY3 knockdown.

Citation: Gao XC, Zhou BH, Ji ZX, Li Q, Liu HN. Canopy FGF signaling regulator 3 affects prognosis, immune infiltration, and 
PI3K/AKT pathway in colon adenocarcinoma. World J Gastrointest Oncol 2024; 16(7): 3284-3298
URL: https://www.wjgnet.com/1948-5204/full/v16/i7/3284.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i7.3284

INTRODUCTION
Colon cancer is a malignant tumor affecting the digestive system[1,2]. In 2020, a total of 1.9 million cases of colon cancer 
and 0.9 million colon cancer-related deaths were reported worldwide[3]. This statistic highlights the pervasive nature of 
the disease and its major impact on global health. Furthermore, the prevalence and fatality rates of colon cancer continue 
to increase, presenting a major public health challenge[4]. Considerable progress has been made in increasing the survival 
rates, particularly in the field of immunotherapy. Immunotherapy is a promising treatment method that harnesses the 
body's immune functions and immune responses to effectively combat and eliminate cancer cells[5]. For example, the 
success of pembrolizumab and other programmed cell death 1 (PD-1) inhibitors in treating colon cancer underscores the 
importance of immunotherapy as a valuable addition to the treatment armamentarium for this disease[6]. However, the 
5-year survival of this disease is low[7], and immune therapy does not work for some patients because of resistance to 
therapy and treatment intolerance[8]. Thus, exploring new treatment targets is necessary to expand colon cancer 
therapeutics.

The development of bioinformatic tools has shed new light on colon cancer research. Ding et al[9] reported that 
metabolism-related genes could augment the immunotherapeutic response and that CYP19A1 could promote vascular 
abnormalities and inhibit CD8+ T-cell functions. The combined use of CYP19A1 inhibition and PD-1 blockade exhibits 
promising therapeutic potential. A study conducted by Bao et al[10] revealed an important finding regarding YTHDF1 
and its association with immune-related biomarkers in colorectal cancer (CRC). Specifically, the researchers reported that 
targeting YTHDF1 promotes anti-PD-1 efficacy and augments antitumor immunity. Sorrentino et al[11] analyzed the 
Cancer Genome Atlas (TCGA)-CRC data and reported the immune cell context in CRCs, which provided insight into 
overcoming immunotherapy resistance. However, our understanding of tumor immunity, biomarkers, and the 
underlying mechanisms is still limited[12,13]. Thus, further studies are still needed to identify more precise biomarkers 
that can increase the treatment efficacy of colon cancer treatment.

This study focused on colon adenocarcinoma (COAD), which is the most prevalent and malignant form of colon 
cancer. Through bioinformatic analysis, we found abnormal expression of canopy FGF signaling regulator 3 (CNPY3) in 
COAD. The function of CNPY3 has been implicated in various cellular processes, including tumor development. Notably, 
this protein is localized both within the endoplasmic reticulum and extracellular space, which underscores its versatility 
in modulating diverse signaling pathways[14]. The pro-oncogenic nature of this protein has been noted in hepatocellular 
carcinoma and gastric cancer[15]. Although the tumor-promoting role of CNPY3 has been implicated in various cancers, 
its specific involvement in COAD remains unknown. Hence, this study aimed to elucidate the function of CNPY3 in 
COAD using bioinformatic tools and functional experiments, in order to provide a reference for clinical treatment.

https://www.wjgnet.com/1948-5204/full/v16/i7/3284.htm
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MATERIALS AND METHODS
Data download and annotation
Bioinformatic analyses were performed based on the following databases: The Genotype Tissue Expression (GTEx), the 
Gene Expression Omnibus (GEO), and TCGA databases. The following datasets were used: GTEx-colon cohort (GTEx 
database, 308 normal samples), GSE17536 cohort (GEO database, 177 tumor samples), GSE17537 cohort (GEO database, 
55 tumor samples), and TCGA-COAD cohort (TCGA database, 41 normal and 471 tumor samples). All datasets were 
annotated by gene symbols.

Gene expression analysis
The expression data of CNPY3 among various cancers were acquired by accessing the TIMER database[16]. To expand 
the number of normal samples, the sequencing data from TCGA and GTEx cohorts were matched and batch-corrected. 
Then, CNPY3 gene expression was detected in two datasets: The merged dataset (349 normal and 471 tumor samples) 
and the TCGA-COAD dataset. Furthermore, the connections between clinical features (age, sex, and tumor-node-
metastasis stage) and CNPY3 expression were analyzed using the nonparametric test.

Prognostic analysis
Probabilities of survival, including overall survival (OS) and disease-specific survival (DSS), were evaluated. Receiver 
operating characteristic (ROC) curve analysis was performed to determine the prognostic value of CNPY3 expression. 
Prediction accuracy was determined by the area under curve (AUC). Possible prognostic factors were identified using 
univariate prognostic analysis. Then, multivariate analysis was performed to adjust confounding variables and identify 
independent prognostic factors.

Immune correlation analysis
Immune microenvironment-related indices were calculated with the help of the ESTIMATE algorithm[17]. The indices 
include stromal, immune, and ESTIMATE scores. The abundance of immune cells was calculated using the CIBERSORT 
algorithm[18] and the differences between groups were calculated. Correlations between CNPY3 and immune cells were 
calculated by Pearson correlation analysis and visualized in the Lollipop plot. Immune therapy-related factors, including 
65 immune checkpoint-related factors, 43 immunostimulant-related factors, and 22 immunosuppressant-related factors, 
were acquired from previous studies. The relationship between CNPY3 and immune therapy-related factors was tested 
by Spearman's correlation analysis. Immunotherapy scores were used to assess the likelihood of a favorable therapeutic 
response to immunotherapy interventions. The scores were obtained from the Cancer Immunome Atlas database.

Functional enrichment analysis
The genes co-expressed with CNPY3 were identified with the "limma" package. Functional annotation was performed 
based on the Gene Ontology (GO) terms. Pathway enrichment analysis was conducted using terms from the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and Reactome (obtained from Molecular Signatures Database)[19]. Gene 
Set Enrichment Analysis (GSEA) was carried out to identify pathways positively and negatively associated with CNPY3 
expression.

Clinical sample collection
The clinical sample collection process was performed after the approval of the local Ethics Committee. Eight normal 
people and thirty-two COAD patients were enrolled. All patients included in this study did not receive radiotherapy or 
chemotherapy before resection. The samples for quantitative real-time PCR (qRT-PCR) were immediately frozen at -80 
°C, and the samples for immunohistochemistry were stored in 4% paraformaldehyde.

qRT-PCR
TRIzol was used for isolating RNA from samples. Briefly, the TRIzol method includes homogenization of the sample in 
TRIzol reagent to disrupt cells and release RNA, followed by chloroform extraction to separate RNA from DNA and 
proteins. On the 7900HT Sequence Detection System (ABI), qRT-PCR was performed. The procedure involved a 
denaturation program (95 °C, 10 min) and 45 amplification and quantification cycles, with each cycle lasting 15 s at 95 °C 
and 34 s at 60 °C. Primer sequences include: CNPY3: Forward, CGG AGC TGA GGA GAA CGA C and reverse, ATA GCC 
CGT GCC AAT CAC C; GAPDH: Forward, GGA CCT GAC CTG CCG TCT AG and reverse, GTA GCC CAG GAT GCC 
CTT GA. The CNPY3 expression level was determined using the 2-ΔΔCT method.

Immunohistochemistry
Immunohistochemistry was performed on a tissue microarray according to standard protocols. Antibodies used include 
rabbit anti-CNPY3 (Proteintech, 1:200) and HRP-conjugated rabbit secondary antibodies. The tissue section was dewaxed, 
repaired, blocked, and subsequently incubated with the primary antibody at 4 °C. The sections were then exposed to 
HRP-conjugated rabbit secondary antibody for 1 h and subsequently incubated with the DAB substrate solution to obtain 
brown immunoreactive signals. The immunohistochemistry results were evaluated by two pathologists independently 
and the immunohistochemical score (IHS) was calculated for the evaluation of staining intensity and quantity.
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Cell culture and transfection
The following cell lines were used: Human colonic epithelial cell lines (HCoEpiC and NCM460) and colon cancer cell 
lines (Caco-2, HCT-116, HT-29, SW48, SW480, and SW620). Cell lines were sourced from the American Type Culture 
Collection or the Chinese Academy of Science Cell Bank. All cells were cultured in Dulbecco's modified Eagle's medium 
with 10% fetal calf serum. CNPY3 knockdown vectors were constructed, and lentivirus was packaged by GenePharma 
company (Shanghai, China). The cells were grouped into CNPY3-Con and CNPY3-knockdown groups based on 
treatment. Cell transfections were performed as described by the manufacturer[20]. Wherever mentioned, the cells were 
treated with 20 µmol/L 740Y-P (PI3K/AKT pathway activator) or 20 µmol/L LY294002 (PI3K/AKT pathway inhibitor) 
for 24 h.

Cell proliferation assay
The proliferation abilities of HT-29 and SW620 were evaluated by CCK-8 assay. A 96-well plate was used for cell culture 
and 2000 cells were seeded into each well. Following cell seeding, the plate was incubated under standard cell culture 
conditions. The cells were allowed to adhere to the culture plate and proliferate over the specified time intervals. The 
CCK-8 solution was added at predetermined time points (24, 48, 72, and 96 h  post-incubation) and the absorbance values 
were measured.

Transwell assay
Transwell device, which consists of two chambers separated by an 8 mm positron emission tomography semi-permeable 
membrane, was used. For the migration assay, medium without serum was added to the upper chamber, while the lower 
chamber was supplemented with medium with 20% serum. The cells were allowed to attach to the membrane and 
migrate to the lower chamber for 48 h. After the incubation period, cells migrating to the lower chamber were fixed 
(methyl) and stained (crystal violet). The Matrigel-coated membrane was used in the invasion assay to mimic the natural 
environment that cells encounter in tissues.

Cell apoptosis assay
Apoptosis analysis was conducted by flow cytometry. The cells were centrifuged, rinsed with phosphate buffered saline 
for 3 times, and labeled with the FITC-labeled Annexin V and propidium iodide solution. The FACSCalibur flow 
cytometry system from BD Biosciences was used to identify apoptotic cells.

Western blot analysis
Antibodies used are as follows: Anti-CNPY3 (Proteintech, 1:2000), anti-PI3K (Affinity Biosciences, 1:1000), anti-p-PI3K 
(Affinity Biosciences, 1:1000), anti-AKT (Cell Signaling Technology, 1:1000), anti-p-AKT (Cell Signaling Technology, 
1:000), anti-GAPDH (Cell Signaling Technology, 1:2000), and HRP-conjugated secondary antibodies (Cell Signaling 
Technology, 1:2000). The experiment was performed following routine experimental steps[21]. Briefly, proteins from 
tissue samples and cells were released using a lysis buffer. After centrifugation, the BCA method (KeyGEN BioTECH) 
was used to measure the protein concentration. Equal proteins were separated using 10% SDS-PAGE and a nitrocellulose 
membrane was used for protein transfer. Then, the membrane was blocked with milk and treated with primary and 
secondary antibodies. The immunoblots were developed using New Super ECL.

Statistical analysis
R (4.2.1) and SPSS (26.0) were used for all bioinformatic and statistical analyses. The Student’s t-test was used to evaluate 
differences in continuous data, and the χ2 test was used to test differences in count data. P-values less than 0.05 were 
considered significant.

RESULTS
Gene expression analysis
CNPY3 exhibited significant up-regulation in several digestive system cancers, including COAD, cholangiocarcinoma, 
esophageal carcinoma, liver hepatocellular carcinoma, rectum adenocarcinoma, and stomach adenocarcinoma 
(Figure 1A). The expression of CNPY3 in COAD is shown in Figure 1B and C. CNPY3 was highly expressed in COAD 
based on the TCGA and merged datasets. A heatmap of clinical relevance is shown in Figure 1D. There was no difference 
in CNPY3 expression regarding age (Supplementary Figure 1A) and gender (Supplementary Figure 1B). Furthermore, 
higher CNPY3 expression was correlated with increased T stage (Figure 1E), increased M stage (Figure 1F), and increased 
N stage (Figure 1G).

Prognostic analysis
Kaplan-Meier curve analysis revealed that elevated CNPY3 expression correlated with decreased OS (Figure 2A) and DSS 
(Figure 2B). The AUC of CNPY3 expression for predicting the prognosis was 0.755 in TCGA-COAD (Figure 2C). 
Validation using the GSE17536 dataset yielded similar results (Figure 2D and E); the AUC was 0.687 (Figure 2F). Similar 
results were also acquired using GSE17537 (Figure 2G and H), and the AUC was 0.736 (Figure 2I), indicating the good 
predictive ability of CNPY3 expression for prognosis of COAD. Univariate regression analysis (Figure 2J) identified 
CNPY3, age, M stage, N stage, and T stage as significant prognostic factors for COAD and they were subsequently 
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Figure 1 Expression levels of canopy FGF signaling regulator 3 in pan-cancer and Cancer Genome Atlas colon adenocarcinoma cohort. 
A: Canopy FGF signaling regulator 3 (CNPY3) was highly expressed in several digestive system cancers; B: CNPY3 was highly expressed in Cancer Genome Atlas 
(TCGA)-colon adenocarcinoma cohort; C: CNPY3 was highly expressed in merged dataset (Genotype Tissue Expression normal, TCGA normal, and TCGA cancer); 
D: Heatmap of associations between CNPY3 expression and clinicopathological features; E: Correlation between CNPY3 expression and T stage. F: Correlation 
between CNPY3 expression and M stage; G: Correlation between CNPY3 expression and N stage. aP < 0.05; bP < 0.01, cP < 0.001. CNPY3: Canopy FGF signaling 
regulator 3; TCGA: The Cancer Genome Atlas; COAD: Colon adenocarcinoma; GTEx: Genotype Tissue Expression.

included in the multivariate regression analysis, which demonstrated that CNPY3 (P < 0.05) was an independent 
prognostic factor in COAD (Figure 2K).

Immune correlation analysis
Immune microenvironment-related indexes were calculated using the EXTIMATE algorithm. Figure 3A indicates that the 
groups with high CNPY3 expression tended to have lower stomal, immune, and ESTIMATE scores. The difference in 
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Figure 2 Prognostic analysis of canopy FGF signaling regulator 3. A: Overall survival (OS) curve of Cancer Genome Atlas (TCGA)-colon 
adenocarcinoma (COAD) cohort; B: Progression-free survival (PFS) curve of TCGA-COAD cohort; C: Receiver operating characteristic (ROC) curve of TCGA-COAD 
cohort [area under curve (AUC) = 0.755]; D: OS curve of GSE17536 cohort; E: PFS curve of GSE17536 cohort; F: ROC curve of GSE17536 cohort (AUC = 0.687); G: 
OS curve of GSE17537 cohort; H: PFS curve of GSE17537 cohort; I: ROC curve of GSE17537 cohort (AUC = 0.736); J: Univariate regression analysis; K: 
Multivariate regression analysis. CNPY3: Canopy FGF signaling regulator 3; TCGA: The Cancer Genome Atlas; COAD: Colon adenocarcinoma; GTEx: Genotype 
Tissue Expression.
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Figure 3 Immune correlation analysis. A: Differences in immune microenvironment-related indexes (stomal, immune, and ESTIMATE scores); B: Differences 
in immune cell infiltration; C: Correlations between canopy FGF signaling regulator 3 (CNPY3) expression and immune cell infiltration; D-H: Correlations between 
CNPY3 expression and activated CD8+ T cells (D), CD4+ T cells (E), regulatory T cells (F), M2 macrophages (G), and M0 macrophages (H); I-K: Correlations between 
CNPY3 expression and expression of immunostimulatory factors (I), immune inhibitors (J), and MHC molecules (K); L-O: Patient response to immune checkpoint 
inhibitors. aP < 0.05; bP < 0.01, cP < 0.001, NS: Not significant; CNPY3: Canopy FGF signaling regulator 3.

immune cells is shown in Figure 3B. Increased expression of CNPY3 decreased the proportion of naive B cells, activated 
CD4+ T cells, CD8+ T cells, and M0 macrophages. Figure 3C shows the results of the correlation analysis. Specifically, 
several immune therapy-related cell types were negatively related to CNPY3 expression, including CD8+ T cells 
(Figure 3D), CD4+ T cells (Figure 3E), regulatory T cells (Figure 3F), M2 macrophages (Figure 3G), and M0 macrophages 
(Figure 3H).

Next, the correlations between CNPY3 expression and immune checkpoints were analyzed. Within the TCGA-COAD 
cohort, CNPY3 expression was significantly correlated with 32 out of 43 immunostimulatory factors (Figure 3I), 20 out of 
22 immunoinhibitors (Figure 3J), and 20 out of 21 MHC molecules (Figure 3K). Notably, CNPY3 was positively correlated 
with PD-1, CTLA4, and CD274, which are vital factors influencing immunotherapy efficacy. Then, the immunotherapy 
scores were compared. Patients in the high CNPY3 expression group might benefit more from immunotherapy when 
either programmed death ligand 1 (PD-L1) or CTLA4 was positively expressed (Figure 3L-O).

Functional enrichment analysis
Based on the threshold (log |fold change| > 1 and P value < 0.05), 464 DEGs were identified. The top 50 DEGs are shown 
in Figure 4A. GO analysis (Figure 4B) showed that the top 3 biological process terms are external encapsulating structure, 
external structure, and extracellular matrix organization. The top 3 molecular function terms are extracellular matrix 
structural constituents, glycosaminoglycan binding, and actin binding. The top 3 cellular component terms are collagen-
containing extracellular matrix, endoplasmic reticulum lumen, and cell-substrate junction. In the KEGG pathway 
analysis, the PI3K-AKT signaling pathway was the most enriched. Using the GSEA method, CNPY3 was found to be 
related to multiple cancer-related pathways, such as aggrephagy, TP53 regulating metabolic genes, and the mTOR 
signaling pathway (Figure 4C).

Validation of high CNPY3 expression in COAD
qRT-PCR was performed using colon cancer cell lines and normal tissue samples. As illustrated in Figure 5A, compared 
with that in normal cell lines, CNPY3 was more highly expressed in six cancer cell lines. CNPY3 was also more highly 
expressed in the tumor samples (Figure 5B). It is worth noticing that compared with normal tissues, six cancer cell lines 
expressed higher levels of CNPY3. However, no significant differences were found among the cancer cells and tumor 
samples. Then, immunohistochemistry was performed to evaluate the protein level, and the IHS was calculated. As 
illustrated in Figure 5C, the IHS of the COAD group (mean: 7.87 ± 2.38) was greater than that of the normal control 
(mean: 1.75 ± 1.03). Representative images of immunohistochemical staining are presented in Figure 5D and E. These 
findings collectively suggest that CNPY3 is highly expressed in COAD samples and cancer cell lines.

Functional experiment and pathway validation
HT-29 and SW620 cell lines with CNPY3 knockdown were successfully established, as confirmed by PCR and Western 
blot experiments. Among the shRNA groups, shRNA1 exhibited superior silencing efficacy. Thus, it was selected for 
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Figure 4 Functional enrichment analysis. A: Top 50 differently expressed genes (DEGs); B: Gene Ontology and Kyoto Encyclopedia of Genes and Genomes 
analysis of DEGs; C: Gene Set Enrichment Analysis enrichment analysis. BP: Biological process; CC: Cellular component; MF: Molecular function; KEGG: Kyoto 
Encyclopedia of Genes and Genomes.

subsequent experiments (Figure 6A). CNPY3 knockdown hindered cell proliferation 24 h post-incubation (Figure 6B). 
Transwell assays demonstrated that CNPY3 knockdown suppressed HT-29 and SW620 cell migration (Figure 6C) and 
invasion (Figure 6D). In addition, flow cytometry revealed greater levels of apoptosis in CNPY3-KD cells than in control 
cells (Figure 6E).

As indicated by the bioinformatics analysis, CNPY3 might be correlated with the PI3K/AKT pathway. Thus, the 
changes of key proteins of this pathway were tested. It was found that downregulation of CNPY3 reduced the p-PI3K and 
p-AKT protein levels. However, the total PI3K and AKT levels were not significantly affected (Figure 6F). To further 
validate this finding, the pathway activator (740Y-P) and inhibitor (LY294002) were used to treat the CNPY3-KD cell line. 
The functional experiment was performed as described above. The results indicated that the pathway activator reversed 
the decreased cell proliferation (Figure 6A), migration (Figure 6C), and invasion (Figure 6D) and increased apoptosis 
(Figure 6E). Notably, CNPY3 knockdown still affected the cells when the pathway was inhibited. These results further 
prove that CNPY3 might regulate colon cancer progression through the PI3K/AKT pathway.

DISCUSSION
In this study, elevated CNPY3 expression was observed in COAD tissues. As indicated by the bioinformatic analysis, 
CNPY3 was correlated with tumor-node-metastasis stage, survival rate, tumor immune functions, and immunothera-
peutic efficacy. The CNPY3’s pro-oncogenic nature appears to be linked to the PI3K/AKT signaling pathway, 
aggrephagy, and the mTOR signaling pathway. Furthermore, COAD tissues and cancer cell lines were used for CNPY3 
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Figure 5 Validation of high canopy FGF signaling regulator 3 expression. A: Relative mRNA expression levels of canopy FGF signaling regulator 3 
(CNPY3) in normal (HCoEpiC and NCM460) and cancer cell lines (Caco-2, HCT-116, HT-29, SW48, SW480, and SW620); B: Relative mRNA expression levels of 
CNPY3 in normal tissue, tumor tissue, and tumor cell lines; C: Differences in immunohistochemical scores; D: Representative immunohistochemical staining images 
of normal tissue; E: Representative immunohistochemical staining images of tumor tissue. aP < 0.05; bP < 0.01, cP < 0.001. CNPY3: Canopy FGF signaling regulator 
3; COAD: Colon adenocarcinoma.

expression validation. Functional experiments indicated that inhibition of CNPY3 inhibited COAD cell proliferation, 
invasion, and migration while inducing apoptosis-like cell behavior. Moreover, Western blot analysis revealed reduced 
levels of key proteins of the PI3K/AKT pathway. The pathway activator reversed the decreases in proliferation, invasion, 
and migration and the increase in apoptosis. Notably, CNPY3 knockdown still affected the cells when the PI3K/AKT 
pathway was inhibited. The findings of this study suggest that CNPY3 may function as a regulator of COAD 
development.

CNPY3 coordinates Toll-like receptor trafficking[22]. This protein is involved in endoplasmic reticulum functions via a 
signal peptide and a putative ER retention sequence[23,24]. Thus, CNPY3 is closely linked to immune responses, and its 
abnormal expression is associated with various diseases[25]. For instance, Zhou et al[15] reported that SLIT- and NTRK-
like family member 4 could enhance the TrkB-related signaling pathway through interaction with CNPY3. In addition, 
CNPY3 could contribute to the formation of premetastatic niches, which could facilitate the cancer cell proliferation and 
metastasis. Liu et al[14] analyzed the internal reference of hepatocellular carcinoma cell lines and reported that CNPY3 
was the stable reference gene of the cell line MHCC-97L. Zhang et al[26] identified CNPY3 as an important cellular target 
for the induction of pyroptosis, which may have therapeutic implications in prostate cancer. In addition to tumors, 
CNPY3 was also the hub gene of Alzheimer’s disease[27] and end-stage renal disease[28].

The immune microenvironment is crucial for COAD development and progression[29,30]. Ruan et al[8] noted that 
immunosurveillance gradually decreased during malignant transformation. This phase was characterized by decreased 
infiltration of cytotoxic T lymphocytes, Th1 CD4+ T lymphocytes, and natural killer cells and increased infiltration of 
immunosuppressive regulatory T cells[31]. Zhou et al[32] found that immune cell infiltration was an indicator for COAD 
prognosis. In this study, CNPY3 was found to be correlated with the proportion of immune cells and might regulate 
immune cell infiltration. Notably, CNPY3 expression was negatively correlated with the proportion of several types of T 
cells, especially CD8+ T cells. CD8+ T cells are capable of selectively detecting and eliminating cancer cells, and the 
exhaustion of CD8+ T cells has been found in multiple cancers[33]. In addition, tumor cells gradually become poor targets 
for immune attack due to the loss of tumor antigens and the increased production of immunosuppressive-related 
molecules, such as PD-L1, PD-L2, and CTLA4[34,35]. In this study, we found that CNPY3 was correlated with several 
immune regulators. The differences in immunotherapy scores also revealed that targeting CNPY3 might increase 
immunotherapeutic efficacy[36].

The functional enrichment and Western blot analyses revealed that CNPY3 might be related to the PI3K-AKT signaling 
pathway. The relationship between the PI3K/AKT pathway and COAD have been well illustrated in many studies. 
Narayanankutty[37] reported that PI3K/AKT/mTOR signaling plays an important role in COAD and concluded that 
inhibiting the pathway was effective in COAD treatment. Song et al[38] noted that TIMP1 was overexpressed in COAD 
and that knockdown of TIMP1 could reverse COAD tumorigenesis and metastasis through the PI3K/AKT pathway. 
Similar results were reported by Li et al[39], Lin et al[40], and Liu et al[41]. In our study, we utilized bioinformatic tools to 
explore the correlation of CNPY3 with the PI3K/AKT pathway, and these findings were subsequently validated through 
Western blot analysis and functional experiments. The connection was further validated by the finding that a PI3K/AKT 
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Figure 6 Functional experiments. A: Results of Western blot analysis after transfection; B: Results of CCK-8 assay; C: Representative images of migration; D: 
Representative images of invasion; E: Results of apoptosis assay; F: Expression of key proteins in PI3K/AKT pathway. aP < 0.05; bP < 0.01, cP < 0.001. CNPY3: 
Canopy FGF signaling regulator 3; NS: Not significant.

pathway activator rescued the functional loss caused by CNPY3 knockdown. Another interesting finding was that 
CNPY3 knockdown still affected the cells when the pathway was inhibited. The results could be explained as follows. 
First, knockdown of CNPY3 affected the pathway to some extent, and the pathway was not fully blocked. Thus, treatment 
methods targeting CNPY3 might achieve better therapeutic results when combined with PI3K/AKT pathway inhibitors. 
Second, CNPY3 can affect tumorigenesis through other mechanisms and pathways. The underlying mechanisms are 
worthy of further exploration. Taken together, these findings support our conclusion regarding the association between 
CNPY3 knockdown and the suppression of PI3K/AKT pathway, underscoring the potential importance of CNPY3 as a 
player in COAD progression and offering insights into therapeutic avenues targeting this pathway.

This study has several limitations. First, the study was based on bioinformatic tools and functional experiments, and 
more high-quality studies are still needed for further validation of our findings. Notably, due to the limitations of 
bioinformatics data, a few cofounders were included in the univariate and multivariate analyses. Second, the underlying 
mechanism needs to be further explored by basic experiments. While this study has limitations, it is the first study 
reporting the prognostic value of CNPY3 and revealing its cancer-promoting role in COAD.

CONCLUSION
This study found that CNPY3 was a prognostic factor for COAD patients and higher CNPY3 was associated with poorer 
immune functions. The tumor-promoting role of CNPY3 might be correlated with the PI3K-AKT signaling pathway. 
Moreover, functional experiments revealed that knockdown of CNPY3 promoted HT-29 and SW620 apoptosis while 
suppressing cell invasion, migration, and proliferation. Finally, the expression of CNPY3 was validated in cancer cell lines 
and tumor samples, indicating that the findings of this study are reliable and worthy of further investigation.
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