
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 June 6; 9(16): 3796-4115

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I June 6, 2021 Volume 9 Issue 16

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 16 June 6, 2021

REVIEW

COVID-19 and the digestive system: A comprehensive review3796

Wang MK, Yue HY, Cai J, Zhai YJ, Peng JH, Hui JF, Hou DY, Li WP, Yang JS

MINIREVIEWS

COVID-19 impact on the liver3814

Baroiu L, Dumitru C, Iancu A, Leșe AC, Drăgănescu M, Baroiu N, Anghel L

Xenogeneic stem cell transplantation: Research progress and clinical prospects3826

Jiang LL, Li H, Liu L

ORIGINAL ARTICLE

Case Control Study

Histopathological classification and follow-up analysis of chronic atrophic gastritis3838

Wang YK, Shen L, Yun T, Yang BF, Zhu CY, Wang SN

Retrospective Study

Effectiveness of sharp recanalization of superior vena cava-right atrium junction occlusion3848

Wu XW, Zhao XY, Li X, Li JX, Liu ZY, Huang Z, Zhang L, Sima CY, Huang Y, Chen L, Zhou S

Management and outcomes of surgical patients with intestinal Behçet’s disease and Crohn’s disease in 
southwest China

3858

Zeng L, Meng WJ, Wen ZH, Chen YL, Wang YF, Tang CW

Clinical and radiological outcomes of dynamic cervical implant arthroplasty: A 5-year follow-up3869

Zou L, Rong X, Liu XJ, Liu H

Observational Study

Differential analysis revealing APOC1 to be a diagnostic and prognostic marker for liver metastases of 
colorectal cancer

3880

Shen HY, Wei FZ, Liu Q

Randomized Clinical Trial

Comparison of white-light endoscopy, optical-enhanced and acetic-acid magnifying endoscopy for 
detecting gastric intestinal metaplasia: A randomized trial

3895

Song YH, Xu LD, Xing MX, Li KK, Xiao XG, Zhang Y, Li L, Xiao YJ, Qu YL, Wu HL



WJCC https://www.wjgnet.com II June 6, 2021 Volume 9 Issue 16

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 16 June 6, 2021

CASE REPORT

Snapping wrist due to bony prominence and tenosynovitis of the first extensor compartment: A case 
report

3908

Hu CJ, Chow PC, Tzeng IS

Massive retroperitoneal hematoma as an acute complication of retrograde intrarenal surgery: A case report3914

Choi T, Choi J, Min GE, Lee DG

Internal fixation and unicompartmental knee arthroplasty for an elderly patient with patellar fracture and 
anteromedial osteoarthritis: A case report

3919

Nan SK, Li HF, Zhang D, Lin JN, Hou LS

Haemangiomas in the urinary bladder: Two case reports3927

Zhao GC, Ke CX

Endoscopic diagnosis and treatment of an appendiceal mucocele: A case report3936

Wang TT, He JJ, Zhou PH, Chen WW, Chen CW, Liu J

Diagnosis and spontaneous healing of asymptomatic renal allograft extra-renal pseudo-aneurysm: A case 
report

3943

Xu RF, He EH, Yi ZX, Li L, Lin J, Qian LX

Rehabilitation and pharmacotherapy of neuromyelitis optica spectrum disorder: A case report3951

Wang XJ, Xia P, Yang T, Cheng K, Chen AL, Li XP

Undifferentiated intimal sarcoma of the pulmonary artery: A case report3960

Li X, Hong L, Huo XY

Chest pain in a heart transplant recipient: A case report3966

Chen YJ, Tsai CS, Huang TW

Successful management of therapy-refractory pseudoachalasia after Ivor Lewis esophagectomy by 
bypassing colonic pull-up: A case report

3971

Flemming S, Lock JF, Hankir M, Reimer S, Petritsch B, Germer CT, Seyfried F

Old unreduced obturator dislocation of the hip: A case report3979

Li WZ, Wang JJ, Ni JD, Song DY, Ding ML, Huang J, He GX

Laterally spreading tumor-like primary rectal mucosa-associated lymphoid tissue lymphoma: A case 
report

3988

Wei YL, Min CC, Ren LL, Xu S, Chen YQ, Zhang Q, Zhao WJ, Zhang CP, Yin XY

Coronary artery aneurysm combined with myocardial bridge: A case report3996

Ye Z, Dong XF, Yan YM, Luo YK

Thoracoscopic diagnosis of traumatic pericardial rupture with cardiac hernia: A case report4001

Wu YY, He ZL, Lu ZY



WJCC https://www.wjgnet.com III June 6, 2021 Volume 9 Issue 16

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 16 June 6, 2021

Delayed diagnosis and comprehensive treatment of cutaneous tuberculosis: A case report4007

Gao LJ, Huang ZH, Jin QY, Zhang GY, Gao MX, Qian JY, Zhu SX, Yu Y

Rapidly progressing primary pulmonary lymphoma masquerading as lung infectious disease: A case 
report and review of the literature

4016

Jiang JH, Zhang CL, Wu QL, Liu YH, Wang XQ, Wang XL, Fang BM

Asymptomatic carbon dioxide embolism during transoral vestibular thyroidectomy: A case report4024

Tang JX, Wang L, Nian WQ, Tang WY, Xiao JY, Tang XX, Liu HL

Transient immune hepatitis as post-coronavirus disease complication: A case report4032

Drăgănescu AC, Săndulescu O, Bilașco A, Kouris C, Streinu-Cercel A, Luminos M, Streinu-Cercel A

Acute inferior myocardial infarction in a young man with testicular seminoma: A case report4040

Scafa-Udriste A, Popa-Fotea NM, Bataila V, Calmac L, Dorobantu M

Asymptomatic traumatic rupture of an intracranial dermoid cyst: A case report4046

Zhang MH, Feng Q, Zhu HL, Lu H, Ding ZX, Feng B

Parotid mammary analogue secretory carcinoma: A case report and review of literature4052

Min FH, Li J, Tao BQ, Liu HM, Yang ZJ, Chang L, Li YY, Liu YK, Qin YW, Liu WW

Liver injury associated with the use of selective androgen receptor modulators and post-cycle therapy: 
Two case reports and literature review 

4062

Koller T, Vrbova P, Meciarova I, Molcan P, Smitka M, Adamcova Selcanova S, Skladany L

Spinal epidural abscess due to coinfection of bacteria and tuberculosis: A case report4072

Kim C, Lee S, Kim J

Rare complication of inflammatory bowel disease-like colitis from glycogen storage disease type 1b and its 
surgical management: A case report 

4081

Lui FCW, Lo OSH

Thymosin as a possible therapeutic drug for COVID-19: A case report4090

Zheng QN, Xu MY, Gan FM, Ye SS, Zhao H

Arrhythmogenic right ventricular cardiomyopathy characterized by recurrent syncope during exercise: A 
case report

4095

Wu HY, Cao YW, Gao TJ, Fu JL, Liang L

Delayed pseudoaneurysm formation of the carotid artery following the oral cavity injury in a child: A case 
report

4104

Chung BH, Lee MR, Yang JD, Yu HC, Hong YT, Hwang HP

Atezolizumab-induced anaphylactic shock in a patient with hepatocellular carcinoma undergoing 
immunotherapy: A case report

4110

Bian LF, Zheng C, Shi XL



WJCC https://www.wjgnet.com IX June 6, 2021 Volume 9 Issue 16

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 16 June 6, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Gwo-Ping Jong, FCCP, MD, MHSc, PhD, Associate 
Professor, Department of Public Health, Chung Shan Medical University, Taichung 40201, Taiwan. 
cgp8009@yahoo.com.tw

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J 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: Yan-Xia Xing; Production Department Director: Yun-Xiaojian Wu; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

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

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https://www.wjgnet.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 6, 2021 https://www.wjgnet.com/bpg/GerInfo/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@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/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


WJCC https://www.wjgnet.com 3880 June 6, 2021 Volume 9 Issue 16

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 June 6; 9(16): 3880-3894

DOI: 10.12998/wjcc.v9.i16.3880 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Observational Study

Differential analysis revealing APOC1 to be a diagnostic and 
prognostic marker for liver metastases of colorectal cancer

Hai-Yu Shen, Fang-Ze Wei, Qian Liu

ORCID number: Hai-Yu Shen 0000-
0002-2961-5098; Fang-Ze Wei 0000-
0001-8955-447X; Qian Liu 0000-
0003-2510-3113.

Author contributions: Shen HY, 
Wei FZ, and Liu Q designed the 
research, collected and analyzed 
the data, and drafted and revised 
the article; all authors have read 
and approved the final manuscript.

Supported by National Key 
Research and Development (R&D) 
Program Project, No. 
2019YFC1315705.

Institutional review board 
statement: The study was 
reviewed and approved by the 
Cancer Hospital, Chinese Academy 
of Medical Sciences and Peking 
Union Medical College 
Institutional Review Board 
(approval No. 17-116/1439).

Informed consent statement: All 
study participants, or their legal 
guardian, provided informed 
written consent prior to study 
enrollment.

Conflict-of-interest statement: The 
authors declare that there is no 
conflict of interest in regard to this 
research.

Data sharing statement: Technical 
appendix, statistical code, and 

Hai-Yu Shen, Fang-Ze Wei, Qian Liu, Department of Colorectal Surgery, National Cancer 
Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of 
Medical Sciences and Peking Union Medical College, Beijing 100021, China

Corresponding author: Qian Liu, MD, Chief Doctor, Department of Colorectal Surgery, 
National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical College, No. 17 Panjiayuan Nanli, 
Chaoyang District, Beijing 100021, China. fcwpumch@163.com

Abstract
BACKGROUND 
Colorectal cancer (CRC) is one of the most malignant gastrointestinal cancers 
worldwide. The liver is the most important metastatic target organ, and liver 
metastasis is the leading cause of death in patients with CRC. Owing to the lack of 
sensitive biomarkers and unclear molecular mechanism, the occurrence of liver 
metastases cannot be predicted and the clinical outcomes are bad for liver 
metastases. Therefore, it is very important to identify the diagnostic or prognostic 
markers for liver metastases of CRC.

AIM 
To investigate the highly differentially expressed genes (HDEGs) and prognostic 
marker for liver metastases of CRC.

METHODS 
Data from three NCBI Gene Expression Omnibus (GEO) datasets were used to 
show HDEGs between liver metastases of CRC and tumour or normal samples. 
These significantly HDEGs of the three GEO datasets take the interactions. And 
these genes were screened through an online tool to explore the prognostic value. 
Then, TIMER and R package were utilized to investigate the immunity functions 
of the HDEGs and gene set enrichment analysis was used to explore their 
potential functions.

RESULTS 
Based on the selection criteria, three CRC datasets for exploration (GSE14297, 
GSE41258, and GSE49355) were chosen. Venn diagrams were used to show 
HDEGs common to the six groups and 47 HDEGs were obtained. The HDEGs 
were shown by using STRING and Cytoscape software. Based on the TCGA 
database, APOC1 showed significantly different expression between N2 and N0, 
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and N2 and N1. And there was also a significant difference in expression between 
T2 and T4, and between T2 and T3. In 20 paired CRC and normal tissues, 
quantitative real-time polymerase chain reaction illustrated that the APOC1 
mRNA was strongly upregulated in CRC tissues (P = 0.014). PrognoScan and 
GEPIA2 revealed the prognostic value of APOC1 for overall survival and disease-
free survival in CRC (P < 0.05). TIMER showed that APOC1 has a close 
relationship with immune infiltration (P < 0.05).

CONCLUSION 
APOC1 is a biomarker that is associated with both the diagnosis and prognosis of 
liver metastases of CRC.

Key Words: APOC1; Liver metastases; Colorectal cancer; Differentially expressed genes; 
Marker

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

Core Tip: It is important to identify the diagnostic or prognostic markers for liver 
metastasis (LM) of colorectal cancer (CRC). Three datasets from NCBI Gene 
Expression Omnibus (GEO) were used to identify highly differentially expressed genes 
(HDEGs) between LM and tumor or normal samples. Then, HDEGs of the three GEO 
datasets take the intersections. The prognostic value of these genes was analyzed 
through online tools, which finally showed that APOC1 was associated with the 
prognosis of CRC. Analysis of the relationship with immune infiltration and tumor 
microenvironment and GSEA of APOC1 demonstrated that APOC1 was strongly 
associated with CRC development. In conclusion, APOC1 is a biomarker associated 
with both the diagnosis and prognosis of LM of CRC.

Citation: Shen HY, Wei FZ, Liu Q. Differential analysis revealing APOC1 to be a diagnostic 
and prognostic marker for liver metastases of colorectal cancer. World J Clin Cases 2021; 
9(16): 3880-3894
URL: https://www.wjgnet.com/2307-8960/full/v9/i16/3880.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i16.3880

INTRODUCTION
Colorectal cancer (CRC) is one of the most malignant gastrointestinal cancers 
worldwide[1]. The liver is the most important metastatic target organ, and liver 
metastasis (LM) is the leading cause of death in patients with CRC[2,3]. Approx-
imately 30%-50% of patients are confirmed with postoperative liver metastases and 
80%-90% of these are initially unable to achieve radical resection[4-8]. Owing to the 
lack of sensitive biomarkers and unclear molecular mechanism, the occurrence of liver 
metastases cannot be predicted, and the incidence and mortality due to CRC continue 
to increase[9]. Detection and monitoring of liver metastases of CRC depend on the 
imaging examination, serum biomarker detection, and other examinations; however, 
these methods have some limitations. Some patients are not willing to undergo 
colonoscopy, thus CRC and the occurrence of CRC liver metastases cannot be timely 
detected[10]. In the recent 20 years, many new technologies have been applied to 
explore the gene expression and functions in human malignant tumours[11].

In our study, we explored data from three microarray datasets from the NCBI Gene 
Expression Omnibus (GEO)[12] to identify highly differentially expressed genes 
(HDEGs). These significantly highly expressed genes of the three GEO datasets take 
the interactions. GO[13]and KEGG[14] analyses were utilized to show the functions of 
the HDEGs. The GEPIA2 and PrognoScan online tools were used to validate the 
prognostic value of these genes in CRC[15]. APOC1 was found to be a significant gene 
that is associated with the prognostic value of CRC and CRC LM (Figure 1). The online 
tool TIMER[16] and R package were used to show the functions of APOC1 with regard 
to immunity. Also, we applied gene set enrichment analysis (GSEA)[17] to inspect the 
possible functions of APOC1 in CRC. In addition, we used quantitative real-time 

mailto:fcwpumch@163.com
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Figure 1 Analysis workflow of this study. DEGs: Differentially expressed genes; CRC: Colorectal cancer.

polymerase chain reaction (PCR) to detect the mRNA expression level of APOC1 in 20 
CRC and paired normal adjacent tissue samples.

MATERIALS AND METHODS
Gene expression datasets
We downloaded the RNA sequencing data from GEO (http://www.ncbi.nlm.
nih.gov/geo/). The datasets included data for normal tissues, CRC tissues, and LM 
tissues, and each dataset had a minimum of five tumour and normal tissues. Based on 
the aforementioned criteria, three GEO datasets were chosen: GSE14297[18], 
GSE41258[19], and GSE49355[20,21].

Identification of HDEGs in CRC samples
Three series matrix files were from GEO and each GEO matrix were divided into two 
groups: LM-tumour tissue group (L-T) and LM-normal tissue group (L-N). Then, they 
were screened using R package ‘limma’ for normalisation and HDEG identification. 
[log(foldchange)] > 1 and P value < 0.05 were used to select DEGs. After obtaining the 
six sets of highly expressed genes, we used the R package ‘‘Venn’ to identify genes 
shared among three GEO datasets. We ultimately obtained 48 HDEGs.

Visualization of the HDEG network
The connections among the DEGs were analyzed based on the STRING database[22] (
https://string-db.org/cgi/input.pl/). And the Cytoscape software[23] was used to 
visualize the connections through constructing the protein-protein interaction 
network.

GO and KEGG functional enrichment analyses
R packages ‘clusterProfiler’, ‘org.Hs.eg.db’, ‘enrichplot’, and ‘ggplot2’ were used for 
GO enrichment analysis. KEGG pathway analysis was conducted by using the R 
packages ‘clusterprofiler’[24], ‘org.Hs.eg.db’, ‘enrichplot’, and ‘ggplot2’. In both the 
two analyses, statistical significance was considered as an adjusted P value of < 0.05.

Analysis of clinical significance and validation of prognostic value of APOC1
We utilized R packages ‘limma’ and ‘beeswarm’ to analyse the expression differences 
between normal and tumour tissues. We also explored the clinical significance of 
APOC1 using R packages ‘limma’ and ‘ggpubr’. We utilized the online tools 
PrognoScan (http://www.prognoscan.org/) to validate the prognostic value of 

http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
https://string-db.org/cgi/input.pl/
http://www.prognoscan.org/
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APOC1 in GEO datasets GSE17537[25,26] and GSE14333[27]. We also validated the 
prognostic value in the TCGA database using the online tool GEPIA2 (
http://gepia2.cancer-pku.cn/), which involved TCGA and GTEx data.

Analysis of association of hub gene expression with tumour-infiltrating immune cell 
infiltration
TISIDB[28] (http://cis.hku.hk/TISIDB/) was utilized to research the correlation 
between the gene expression and tumour-infiltrating immune cells. Additionally, we 
utilized R package ‘estimate’ to research the correlation between the gene expression 
and three kinds of scores, including the immune score, stromal score, and ESTIMATE 
score.

GSEA of hub genes
The functions of the hub genes were explored by the GSEA. The COAD and READ 
datasets from TCGA were downloaded and 482 samples were divided into two 
groups: High and low expression group. The ‘c2.cp.kegg.v6.2.symbols.gmt’ was 
utilized and P < 0.001 was considered as statistical significance. The R packages ‘plyr’, 
‘ggplot2’, ‘grid’, and ‘gridExtra’ were used to show different significant pathways.

RNA isolation, reverse transcription, and real-time quantitative PCR
RNA was extracted from CRC tissue using the TRIzol method. cDNA was obtained 
after reverse transcription and used as the template for real-time PCR detection. Then, 
quantitative real-time PCR was performed to detect the relative mRNA level of 
APOC1. The primers for APOC1 are: 5-GTCCTGGTGGTGGTTCTGTC-3 (forward) and 
5- TCTCTGAAAACCACTCCCGC-3 (reverse).

RESULTS
Identification of DEGs in the datasets
Based on the selection criteria, three CRC datasets were selected for exploration and all 
characteristics are summarized in Table 1. The 308 genes in the L-N group and 178 
genes in the L-T group in the GSE14297; 300 genes in the L-N group and 89 genes in 
the L-T group in the GSE41258; and 810 genes in the L-N group and 120 genes in the L-
T group in the GSE49355 were significantly highly expressed (Table 2). Volcano plots 
(Figure 2) show the DEGs.

Identification and visualization of HDEGs
We combined the highly expressed genes from GSE14297, GSE41258, and GSE49355 
and applied Venn diagrams to get significantly highly expressed genes among the six 
groups (Figure 3A). STRING and Cytoscape software were used to visualise these 
HDEGs, as shown in Figure 3B.

GO and KEGG enrichment analyses of HDEGs
GO enrichment was performed following pFilter < 0.05 and adjPfilter < 1, and the top 
five terms were chosen: Acute inflammatory response (P = 7.42 × 10-21), negative 
regulation of response to wounding (P = 5.20 × 10-20), platelet degranulation (P = 6.68 × 
10-20), negative regulation of blood coagulation (P = 2.26 × 10-19), and negative 
regulation of haemostasis (P = 7.54 × 10-17) (Figure 4A). The top five pathways in the 
KEGG analysis (satisfied pFilter < 0.05 and adjPfilter < 1) were: Complement and 
coagulation cascades (P = 7.89 × 10-20), cholesterol metabolism (P = 1.07 × 10-9), African 
trypanosomiasis (P = 0.00048), platelet activation (P = 0.0017), and drug metabolism-
cytochrome P450 (P = 0.0033) (Figure 4B).

Clinical significance and prognostic value of APOC1
As shown Figure 5, the APOC1 expression was strongly associated with the clinical 
features. APOC1 showed significantly different expression between N2 and N0 and 
between N2 and N1 (Figure 5C). There was also a significant difference in expression 
between T2 and T4 and between T2 and T3 (Figure 5B). No significance differences 
were found across different ages and sexes (Figure 5D and E). To confirm the different 
expression levels in cancer, we further examined 20 paired CRC and normal tissues by 
using quantitative PCR. As shown in Figure 5F, quantitative real-time PCR illustrated 
that APOC1 mRNA was strongly upregulated in CRC tissues compared to that in 
normal colorectal samples.

http://gepia2.cancer-pku.cn/
http://cis.hku.hk/TISIDB/
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Table 1 Characteristics of datasets

Dataset N T M Platform ID Country

GSE41258 54 186 47 GPL96 Israel

GSE49355 18 20 19 GPL96 France

GSE14297 7 18 18 GPL6370 Germany

N: Normal tissue; T: Tumor tissue; M: Metastasis tissue.

Table 2 Differentially highly expressed genes in Gene Expression Omnibus datasets

Dataset L-T L-N

GSE14297 178 308

GSE41258 89 300

GSE49355 120 810

L-T: Liver metastasis-tumor group; L-N: Liver metastasis-normal group.

We explored the prognostic value in GSE17537 and GSE14333 using online tools: 
PrognoScan: P = 0.0094 and P = 0.018 for overall survival in GSE17537 (Figure 6A and 
B); P = 0.016 and P = 0.013 for disease-free survival in GSE14333 (Figure 6C and D). We 
also validated the prognostic value in GEPIA2: P = 0.026 for overall survival (P = 
0.046) (Figure 6E and F).

Relationship of APOC1 with immune infiltration
APOC1 has a close relationship with immune infiltration (Figure 7): In the colon: 
CD4+ T cells (P = 1.76 × 10-13), CD8+ T cells (P = 2.84 × 10-17), B cells (P = 6.75 × 10-8), 
neutrophils (P-0), macrophage cells (P = 1.21 × 10-37), and dendritic cells (P = 0); in the 
rectum: CD4+ T cells (P = 0.00121), CD8+ T cells (P = 0.00016), B cells (P = 0.0223), 
neutrophils (P = 1.1 × 10-6), macrophage cells (P = 8.33 × 10-13), and dendritic cells (P = 
1.48 × 10-11). We also utilized the R package ‘estimate’ to calculate different scores: 
Immune score, stromal score, and ESTIMATE score (Figure 8).

GSEA for APOC1
GSEA showed that APOC1 was enriched in ‘Toll-like receptor signalling pathway’, 
‘Cytokine receptor interaction’, ‘Cell adhesion molecules CAMs’, ‘Chemokine 
signalling pathway’, and ‘Intestinal immune network for IGA production’ in the high 
expression group; and enriched in ‘Lysine degradation’, ‘Peroxisome’, ‘Pyruvate 
metabolism’, ‘Glycerolipid metabolism’, and ‘Fatty acid metabolism’ in the low 
expression group (Figure 9).

DISCUSSION
CRC is a common gastrointestinal tumour, and its metastasis is one of the main causes 
of death in patients with CRC. The liver is the most important target organ of 
metastasis and approximately 30%-50% of patients have LM at diagnosis or after 
surgery[4-8]. However, the vast majority of liver metastases cannot initially undergo 
radical resection and demonstrate a poorer prognosis than those with other types of 
metastases. Therefore, it is critical to identify markers to predict and diagnose 
colorectal liver metastases.

To the best of our knowledge, our study is the first to divide one GEO dataset into 
two groups: LM-normal and LM-tumour to explore the HDEGs in CRC. We integrated 
three datasets to identify HDEGs. GO and KEGG analyses were performed to research 
the functions in the three datasets. GO analysis indicated that the acute inflammatory 
response, negative regulation of response to wounding, platelet degranulation, 
negative regulation of blood coagulation, and negative regulation of haemostasis were 
closely related to the development and growth of cancer. For KEGG pathway analysis, 
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Figure 2 Volcano plots of Gene Expression Omnibus data. A: Volcano plot depicting the differential expression and distribution of GSE14297 in liver 
metastasis (LM)-tumor group; B: Volcano plot depicting the differential expression and distribution of GSE14297 in LM-normal group; C: Volcano plot depicting the 
differential expression and distribution of GSE41258 in LM-tumor group; D: Volcano plot depicting the differential expression and distribution of GSE41258 in LM-
normal group; E: Volcano plot depicting the differential expression and distribution of GSE49355 in LM-tumor group; F: Volcano plot depicting the differential 
expression and distribution of GSE49355 in LM-normal group.

complement and coagulation cascades were closely related to immune functions, 
platelet activation was associated with tumour metastasis, and cholesterol metabolism 
was associated with the pathogenesis of CRC.

We utilized online tools to research the prognostic value of HDEGs. According to 
the results, APOC1 was associated with the survival time of CRC patients. For further 
exploring, we analysed APOC1 differential expression between tumour and normal 
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Figure 3 Venn diagram and protein-protein interaction network of differentially expressed genes. A: Venn diagram showing the numbers of 
differentially expressed genes; B: Protein-protein interaction network of 47 highly expressed genes.

tissues, with regard to different ages, genders, and T and N stages. Significant 
differences were observed between tumour and normal tissues in addition to our 
clinical samples, which is consistent with the analysis results. This reveals that APOC1 
levels increase from the initial development to LM of CRC.

For exploring the mechanisms of APOC1 in CRC, we utilized the TIMER online tool 
to assess immune infiltration, immune score, stromal score, estimate score, and GSEA 
for biological functions of APOC1. TIMER result revealed that APOC1 had a strong 
correlation with lymphocyte expression, which provides a new perspective to explore 
the mechanism of colorectal LM. With the development of tumour research, many 
studies have showed the important role of tumour microenvironment (TME) in 
tumorigenesis and therapy[29-33]. The TME might have an impact on the therapy and 
clinical outcome of patients with cancer. In our study, through the analysis of the 
tumours of the colon and rectum, the results indicate a close relationship between 
TME and APOC1 expression in CRC.

Several analyses indicate that stromal cells contributed to tumour angiogenesis and 
extracellular matrix remodelling[34-36]. Meanwhile, a few studies have focused on the 
influence of immune cells in TME on tumorigenesis and development. Several studies 
revealed that tumour-infiltrating immune cells might be a potential marker of 
therapeutic effects. In our results, we analysed the stromal score and immune score in 
the colon and rectum, respectively. APOC1 has a strong relationship with structural 
components and immune cells in CRC, which can reveal the relationship with immune 
cell scores.

The GSEA of APOC1 indicated that in the high expression group, APOC1 was 
enriched in ‘Cytokine receptor interaction’[37], ‘Cell adhesion molecules CAMs’[38], 
and ‘Chemokine signalling pathway’[39], suggesting that APOC1 can influence CRC 
development. ‘Intestinal immune network for IGA production’[40] indicates that 
APOC1 has a close relationship with the immune response. Moreover, in the low 
expression group, APOC1 was enriched in ‘Lysine degradation’, ‘Peroxisome’, 
‘Pyruvate metabolism’, ‘Glycerolipid metabolism’, and ‘Fatty acid metabolism’, which 
indicate that APOC1 might have an impact on tumorigenesis and development of CRC 
in different metabolic pathways[41,42]. These findings might present a new 
perspective on the molecular mechanism of CRC. However, this study still has some 
limitations. Because our work mainly relies on the bioinformatic analysis of datasets, 
more basic research experiments should be performed to confirm these results.

CONCLUSION
In conclusion, by combining three GEO datasets, we identified and characterised some 
significantly HDEGs in the liver metastases of CRC. Among 48 DEGs, APOC1 is a 
biomarker that is associated with both the diagnosis and prognosis of liver metastases 
of CRC. Furthermore, analysis of the relationship with immune infiltration and TME, 
and gene set enrichment analysis demonstrated that APOC1 was strongly associated 
with CRC development.
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Figure 4 GO and KEGG enrichment. A: Chord plot depicting the relationships between the genes and GO terms; B: Chord plots depicting the functions of the 
genes in KEGG pathways.
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Figure 5 Visualization of correlations between APOC1 expression levels and clinical features. A: Differences in APOC1 expression between 
control tissues and colorectal cancer tissues based on TCGA database; B: Differences in APOC1 expression between different T stages based on TCGA database; 
C: Differences in APOC1 expression between different N stages based on TCGA database; D: Differences in CLCA1 expression between different ages based on 
TCGA database; E: Differences in APOC1 expression between different gender based on TCGA database; F: Quantitative real-time polymerase chain reaction assay 
showed the mRNA expression of APOC1 in 20 paired colorectal cancer tissues and normal samples. aP < 0.05. T: Tumor; N: Normal.
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Figure 6 Validation of prognostic value of APOC1. A and B: Overall survival of APOC1 in GSE17537; C and D: Disease-free survival of APOC1 in 
GSE14333; E: Overall survival of APOC1 in TCGA; F: Disease-free survival of APOC1 in TCGA. OS: Overall survival; DFS: Disease-free survival.
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Figure 7 Relationship with immune infiltration. A: Immune cell expression of APOC1 in colon cancer; B: Immune cell expression of APOC1 in rectal cancer.
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Figure 8 Relationship with tumor microenvironment. A: Estimated score of APOC1 in colon cancer; B: Estimated score of APOC1 in rectum cancer; C: 
Immune score of APOC1 in colon cancer; D: Immune score of APOC1 in rectum cancer; E: Stromal score of APOC1 in colon cancer; F: Stromal score of APOC1 in 
rectum cancer.



Shen HY et al. Marker for LM of CRC

WJCC https://www.wjgnet.com 3892 June 6, 2021 Volume 9 Issue 16

Figure 9 Gene set enrichment analysis of APOC1.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is one of the most malignant gastrointestinal cancers 
worldwide. The liver is the most important metastatic target organ, and liver 
metastasis is the leading cause of death in CRC patients.

Research motivation
There is still a lack of diagnostic or prognostic markers for liver metastasis (LM) of 
CRC. Therefore, it is very important to identify the diagnostic or prognostic markers 
for LM of CRC to improve the clinical outcomes.

Research objectives
This study aimed to explore the highly differentially expressed genes (HDEGs) and 
prognostic marker for LM of CRC.

Research methods
Three NCBI Gene Expression Omnibus (GEO) datasets were utilized to identify a set 
of HDEGs. These significantly HDEGs of the three GEO datasets take the intersection 
genes and these intersection genes were screened through an online tool to explore 
their prognostic value. TIMER and R package were utilized to investigate potential 
immune functions of HDEGs and gene set enrichment analysis was performed to 
explore their possible impact on CRC.

Research results
APOC1 is one of 47 HDEGs in three GEO datasets for LM of CRC and showed 
significantly different expression between different N and T stages in the TCGA 
database. APOC1 mRNA was strongly upregulated in cancer tissues compared with 
normal tissues, as confirmed by quantitative real-time polymerase chain reaction. The 
prognostic value of APOC1 for overall survival and disease-free survival in CRC was 
revealed with PrognoScan and GEPIA2. APOC1 also has a close relationship with 
immune infiltration showed with TIMER.

Research conclusions
APOC1 is a potential biomarker that is associated with both the diagnosis and 
prognosis of liver metastases of colorectal cancer.

Research perspectives
Future work and basic research should be performed to confirm these findings of 
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APOC1 and to verify the related potential regulatory mechanisms in vitro and in vivo.
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