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ABSTRACT 

Background:  

Gastric cancer (GC) is one of the leading malignancy diseases worldwide, 

especially in Asian.  CAST is a potential oncogene in GC carcinogenesis 

process. The character of macrophage infiltration in GC microenvironment 

was also unaddressed.  

 

Methods: 

We first applied machine searching in gene candidate evaluation of GC. CAST 

expression was analyzed via the Human Protein Atlas (HPA) and Gene 

Expression Profiling Interactive Analysis 2 (GEPIA2) database. Protein-

protein interaction (PPI) network was downloaded from STRING. We 

investigated the impact of CAST on clinical prognosis using Kaplan-Meier 

plotter. The correlations between CAST and Lgr5 and macrophage infiltration 

in GC was surveyed via TIMER 2.0. Finally, GeneMANIA was also used to 

evaluate the possible functional linkage between genes.  

 

Results: 

After machine-assisted searching, CAST expression was found signicant 

difference in the overall survival of GC patients. STRING revealed CAST 

related proteomics and transcriptomics associations, mainly about CAPN 
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family. Moreover, CAST significantly impacts the prognosis of GC from other 

datasets validation. Notably, high CAST expression was correlated with 

worse overall survival in GC patients (hazard ratio = 1.59; logrank P = 9.4 x 10-

8). CAST and Lgr5 expressions were both positively correlated with WNT 2 

and WNT 2B. Among GC patients in several datasets, CAST and macrophage 

infiltration evaluated together showed no obvious trend toward poor clinical 

overall survival.  

 

Conclusion: 

CAST plays an important role in GC clinical prognosis and is associated with 

WNT 2/WNT 2B/Lgr5.  Our study denmostrated that CAST in GC overall 

survival is regulated by macrophage infiltration.  

 

Keywords: CAST, Lgr5, WNT, Gastric cancer, Machine assisted searching, 

macrophage 
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INTRODUCTION 

Gastric cancer (GC) is one of the most important diseases worldwide. There 

are estimated to be more than 1 million newly diagnosed GC patients 

worldwide each year. GC is the fourth most common cancer and the second 

most common cause of death worldwide [1]. Globally, one in 33 men and one 

in 78 women will develop GC in their lifetime [2,3]. Since the diagnosis of GC 

is often advanced, the mortality rate is high. In 2018, 784,000 people died of 

GC worldwide, twice as many men as women, with East Asia, Eastern 

Europe, and South America being the regions of GC incidence and death [4]. 

Clinically, we can expect to see more cases of GC in the future due to the 

aging of the population. In recent years, we have even observed an increase in 

the incidence of GC in young people [5]. 

 

In GC genomics, approximately 10% of GC patients have familial genetic 

clusters, and about 1-3% of them have mutations [6]. Familial GC includes at 

least three major classifications: hereditary diffuse GC (HDGC), gastric 

adenocarcinoma and proximal gastric polyps and disease, and familial 

gastrointestinal cancers [7-9]. To explore the frontier of gastric carcinogenesis  

mechanism, recent studies had thought Lgr5 as an activator on the pathway 

of WNT signaling toward gastric adenocarcinoma cell proliferation. An 

overexpression of signature mark Lgr5 from the stem cell is derived from 

stomach, kidney, colon, hair follicle, and mammary gland [10]. Wu et al. 

found Lgr5 expression in the bottom of the normal gastric gland units, and 

revealed a differential expression in GC with varying differentiation. 

Furthermore, Lgr5 and Bmi1 were identified as the same stem cell population. 

CD133, CD26, CD44, and ALDH1 associated with Lgr5 may be functionally 

toward the GCs growth [11]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


6 
 

Calpastatin (CAST) is usually discovered at the plasma membrane and 

surrounding the nucleus [12]. CAST inhibits the calpains, which can 

translocate into the nucleus, and further regulate the pathway of WNT/β-

catenin pathway [13]. The single CAST gene can manufacture eight or more 

CAST polypeptides, weighing from 17 to 85 kDa, with the function of binding 

to calpain molecules and Ca2+ dependent. The CAST/calpain system 

regulates a variety of cellular processes, involving remodeling of 

cytoskeletal/membrane attachments, multi-signal transduction pathways, and 

cell apoptosis.  CAST/calpain system also participated in numerous 

membrane fusion events, such as neural vesicle exocytosis and platelet 

aggregation [14]. Previously, CAST had been reported as a possible novel 

marker in GC development. Liu’s study results revealed that calpastatin level 

decreased in GCs. Furthermore, the ratio of (CAPN1 x CAPN2)/(calpastatin x 

CaM) was thought as a potential index for GC diagnosis [15]. 

 

In recent years, tumor-associated macrophage (TAM) is associated with the 

tumor microenvironment, acting as a tumor-promoting and a tumor-

suppressing character [16]. TAM is categorized into the anti-tumor M1 

phenotype (classically activated state) and the pro-tumor M2 phenotype 

(alternatively activated state), reflecting the Th1-Th2 polarization of T cells 

[17]. TAM works in innate host defense and kills tumor cells. Meanwhile, 

TAM also has a critical regulatory role in epithelial mesenchymal transition, 

angiogenesis, immunosuppression, and hampering the efficacy of 

chemotherapy [18,19].  
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However, the characteristics of CAST associated with immunological 

response of macrophage and relevance to Lgr5 were still unaddressed. We 

aimed to explore the possible interaction of the above-mentioned characters. 

 

MATERIALS AND METHODS 

The Cancer Genome Atlas (TCGA) Program Analysis by Using Machine 

Searching 

The expression level of the CAST gene in various types of cancers was 

identified in the The Human Protein Atlas (THPA) database 

(https://www.proteinatlas.org/). We used the Python Selenium (Version 3.8) 

to automatically search the TCGA Database by entering different gene 

candidates, and we recorded all the candidate genes associated with the 

overall survival (OS) rate of GC. Then the most relevant genes were precisely 

selected, including CAST and WNT (P-value < 0.001).  

 

Protein-Protein Interaction (PPI) Network from STRING 

The STRING database (version 11.5) [20] is applied for searching for PPI 

scientists had interested in and worthy of investigation. Proteins relevant to 

the same topic could be linked by direct and indirect relationships and 

mapped to a weight network in STRING, containing 14094 organisms, 67.6 

mio proteins, and > 20 bln interactions.  Proteins are spotted as nodes and 

every two proteins is given as an edge and highlighted with a confidence 

score. Analogous functions among proteins will exhibit more if the confidence 

score is higher [21].  
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CAST Bioinformatics Analysis from Gene Expression Profiling Interactive 

Analysis 2 (GEPIA2) Datasets 

We examined the mRNA level of CAST by comparing tumor and matched 

normal samples using the GEPIA2 database, which can provide cancer 

genomics data on the basis of TCGA, and the GTEx [22].  

 

Human Protein Atlas (HPA) Appliances for Further Validation of CAST in 

Different Human Tissues 

We used HPA, which is one of the most robust and comprehensive databases 

of protein and RNA in tissues and cells. HPA’s goal of the Cell Atlas is to map 

the subcellular distribution of all human proteins over the course of a cell 

cycle in a canonical human cell. HPA includes over 85% of all human protein-

coding genes data. Furthermore, both immunohistochemistry (IHC) scoring 

parameters and sub-cellular localization classifications will be purified to 

increase more cells types, organelles, and supply clinicians with 

bioinformatics about intra-organellar locations. HPA can help contribute to a 

deeper investigation for both basic and clinical research [23]. We used the 

transcriptomics and proteomics expressions to represent the character of 

CAST in different tumor tissues.  

 

Survival Analysis from Kaplan-Meier (KM) Plotter  

The cancer-survival information and CAST bioinformatics of the GC patients 

contained in the KM plotter database was extracted from the Gene Expression 

Omnibus (GEO), the Cancer Biomedical Informatics Grid and The Cancer 

Genome Atlas database. The following GC datasets were retrieved from the 

GEO database: GSE62254, GSE22377, GSE51105, GSE14210, GSE29272, and 
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GSE15459 (http://kmplot.com/analysis/index.php?p=service&cancer=gastric) 

[24]. We also acquired KM survival plots, in which the number of cancer 

patients for a specific period is compared between subgroups with different 

gene expression statuses. We determined the hazard ratio (HR) and 95% 

confidence intervals (CI) and log-rank P-values. A P-value < 0.05 was 

considered statistically significant.  

 

TIMER 2.0 Database for Genes and Infiltrating Immune Cells 

TIMER 2.0 database (http://timer.cistrome.org/) is a website recruiting a large 

amount of immune and gene bioinformatics, which can further analyze and 

summarize the tumor immune infiltration scores, such as neutrophil, 

macrophage, T cell, B cell, and NK cell. TIMER 2.0 can also analyze specific 

oncogene mutation groups, and genes were input for analysis of well-known 

oncogenic mutation in specific tumors [25-27]. The correlation between Lgr 

family, CAST, WNT family, and macrophage were surveyed, the data of 

which were adopted from the TCGA database. The results of surveyance were 

downloaded to show the outcome. The relationship between CAST gene and 

well-known immune infiltration in tumor were also analyzed through TIMER 

2.0 for confirmation. A P-value < 0.05 was considered statistically significant. 

 

Gene and Protein Networks Analysis 

GeneMANIA (http://genemania.org/; accessed August 15, 2021, version 3.6.0) 

is a real-time multiple association network integration algorithms for 

predicting gene function [28]. The data could be extracted for gene-gene 

interactions (GGI) in our study. Regarding previous studies concerning the 

WNT family related to gastric cancer development, we surveyed the 
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relationships among WNT, CAST, and Lgr5 genes. Moreover, we analyzed 

the functions involving G protein-coupled receptor binding, canonical WNT 

signaling pathway, stem cell differentiation, and positive regulation of WNT 

signaling pathway for demonstration of GGI.  

 

Statistical Analysis  

The results of the KM plotter and TIMER 2.0 are shown with hazard ratio 

(HR) and Cox P-values from a log-rank test. We evaluated the correlation of 

gene expression using Spearman’s correlation and statistical significance. 

Rho-value in determination of positive or negative correlation in protein/RNA 

expressions were applied.  

 

RESULTS 

CAST-Centered Network Interaction and Clustering Analysis 

CAST was introduced into the STRING database to obtain the functional 

protein-correlation network. PPI network of these function protein 

expressions relevant to CAST contained 11 nodes and 40 edges, obtained with 

confidence scores toward CAPN2/CAPN1/CAPNS1 showing 

0.999/0.999/0.986. The enriched P-value was 1.12 × 10-11. K-means algorithm 

for clustering analysis in constructed network of interaction, causing three 

distinct numbers of interactive networks as represented in Figure 1.  
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Figure 1. Important bio-targets of protein-protein interaction network in 

STRING clustering analysis network. 

 

CAST Expression in Different Tissues  

We extracted the CAST RNA-sequencing expression level from the GEPIA2 

database. Figure 2 demonstrated CAST expression in transcript per million 

(TPM). Glioblastoma (GBM), pancreatic adenocarcinoma (PAAD), and 

stomach adenocarcinoma (STAD) contained prominent CAST expression, 

while testicular germ cell tumor (TGCT), uterine corpus endometrial 

carcinoma (UCEC), and uterine carcinosarcoma (UCS) involved less. The 

certain CAST expression in different tissues was shown in Table 1. 
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Figure 2. Bodymap indicating CAST expression, red as tumor and green as 

normal. 

 

 

 

 

 

 

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


13 
 

Table 1. The median expression of CAST in different tumor and normal 

samples.  

Site Tumor (TPM) Normal (TPM) 

Brain 51.76 20.16 

Esophagus 131.69 253.86 

Thyroid 99.97 83.24 

Thymus 26.31 39.02 

Blood 61.86 65.73 

Lung 104.7 116.04 

Breast 101.62 113.17 

Liver 42.91 34.63 

Biliary tract 86.27 35.47 

Pancreas 112.23 21.35 

Stomach 89.83 44.3 

Adrenal gland 67.92 61.8 

Kidney 109.01 85.14 

Colon 124.76 102.46 

Bladder 100.67 157.63 

Prostate 92.38 89.49 

Testis 17.75 125.93 
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Validation of CAST expression in GC 

To make more robust confidence in the association between CAST and GC. 

We further mine the HPA revealing the cancer types are color-coded 

according to which type of normal organ the cancer originates from, 

including HPA036881, HPA036882, and CAB009491 from Figure 3A, Figure 

3B, and Figure 3C, respectively. Zero patients with high expression, six 

patients with medium expression, three patients with low expression, and 

three patients with undetected expression of CAST were recorded in 

HPA036881. Zero patients with high expression, two patients with medium 

expression, two patients with low expression, and eight patients with 

undetected expression of CAST were recorded in HPA036882. Four patients 

with high expression, five patients with medium expression, one patient with 

low expression, and two patients with undetected expression of CAST were 

recorded in CAB009491. The RNA expression overview was displayed in 

Figure 3D. 
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Figure 3. (A) HPA036881 protein expression in cancer tissues showing weak 

to moderate cytoplasmic immunoreactivity. Few cases of basal cell 

carcinomas displayed strong immunoreactivity. Lymphomas along with 

several gliomas and testicular cancers were negative. (B) HPA036882 protein 

expression in cancer tissues displaying weak to moderate cytoplasmic 

staining with membranous positivity in several cases. Few cases of colorectal, 

breast, lung, skin and urothelial cancers were strongly stained. Most cases of 

gliomas, testicular, liver and endometrial cancers were negative. (C) 

CAB009491 protein expression in most cancer tissues demonstrating 

moderate to strong cytoplasmic positivity. Gliomas and lymphomas generally 

showed weak positivity while testicular cancers in most cases were negative. 

(D) RNA-sequencing data of cancer category from the TCGA. 

 

CAST Associated with Survival in Gastric Cancer 

Table 2 showed significant survival difference between low expression and 

high expression cohorts (All, GSE22377, GSE14210, GSE29272, GSE15459).  
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Table 2. CAST RNA-sequencing expression and survival analysis in gastric 

cancer. 

Source Median survival  FDR P-

value 

 Low expression cohort (months) High expression cohort (months)   

All 44.57 21.93 1% <0.0001 

GSE62254 18.27 22.83 100% 0.2373 

GSE22377 36.4 17.2 50% 0.0297 

GSE51105 39.2 20.1 >50% 0.449 

GSE14210 15.9 7.9 10% 0.0024 

GSE29272 32.6 18.6 >50% 0.0289 

GSE15459 45.1 22.8 >50% 0.0444 

In GC cohorts analyses from KM plotter, CAST was significantly related to 

patient survival [All, HR: 1.59, 95% confidence interval (CI): 1.34-1.88, log-

rank P-value: 9.4 ⅹ 10-8] when the median expression of CAST was set as a 

cutoff point to stratify patients (Figure 4A and 4B). 
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Figure 4A. All. 

 

 

 

 

 

 

 

 

 

 

Figure 4B. Subgroup survival analyses.  
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CAST/WNT/Lgr5 Co-Expressions in Gastric Cancer 

Figure 5 revealed the solitary CAST relevant to significant GC survival 

analysis (HR), clinical outcome (HR: 1.22; p=0.0415) of which was compatible 

with the dataset retrieved from KM plotter. Figure 6 examined the correlation 

between CAST and WNT family. Among them, WNT2 (rho=0.128; P-

value=0.009)/WNT16(rho=0.102; P-value=0.037)/WNT2B(rho=0.288; P-

value<0.001)/WNT5A(rho=0.237; P-value<0.001)/WNT9A(rho=0.222; P-

value<0.001)/WNT9B(rho=0.182; P-value<0.001) showed positively significant 

correlation. On the other hand, WNT6(rho=-0.122; P-

value=0.019)/WNT3A(rho=-0.121; P-value=0.013)/WNT8B(rho=-0.141; P-

value=0.004) showed negatively significant correlation. In Figure 7, there were 

WNT2(rho=0.139; P-value=0.004)/WNT3(rho=0.2; P-

value<0.001)/WNT11(rho=0.336; P-value<0.001)/WNT2B(rho=0.144; P-

value=0.003)/WNT7B(rho=0.186; P-value<0.001)/WNT8B(rho=0.168; P-

value<0.001)/WNT10B(rho=0.183; P-value<0.001) displaying the positively 

significant correlation toward Lgr5. The overlapped WNT family genes in 

both Lgr5 and CAST were WNT2 and WNT2B. 
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Figure 5. Cumulative survival of different CAST expression in gastric cancers. 
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Figure 6. Correlation between CAST and WNT family. 

 

+: Positively significant correlation. 

-: Negatively significant correlation. 
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Figure 7. Correlation between Lgr5 and WNT family. 

 

+: Positively significant correlation. 

-: Negatively significant correlation. 
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CAST and Macrophage in Gastric Cancer 

TIMER 2.0 showed databases including TIMER, EPIC, XCELL, CIBERSORT-

ABS, and QUANTISEQ. We discovered that in Figure 8, TIMER showing high 

CAST expression (>50 percent) and high macrophage infiltration (>50 percent) 

had a significantly lower cumulative survival than high CAST expression and 

low macrophage infiltration (<50 percent), with a HR=2.08 and a P-

value=0.00927. However, there was no significance of cumulative survival in 

EPIC and XCELL CAST expression and macrophage infiltration analyses. In 

macrophage M1 and M2 evaluations, there was no significant cumulative 

survival difference, either.  
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Figure 8. Cumulative survival in gastric cancer patients with CAST 

expression and Macrophage infiltration. 

 

CAST-WNT2/WNT2B-Lgr5 Linkages toward Gastric Carcinogenesis 

We input CAST, WNT2, WNT2B, and Lgr5, using GeneMANIA and found 

that CAST was linked to WNT family and Lgr family as shown in Figure 9. 

WNT2 and WNT2B contained G protein-coupled receptor binding. WNT2 

had a canonical WNT signaling pathway, but WNT2B didn’t involve it.  Lgr5 

recruited positive regulation of WNT signaling pathway and canonical WNT 

signaling pathway.  
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Figure 9. Interactions among CAST, WNT2/WNT2B, and Lgr5 
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DISCUSSION 

In our present study, we demonstrated that CAST plays as an oncogene 

associated with Lgr5 in gastric cancer via the WNT signaling pathway. WNT2 

and WNT2B expressions were found significantly positive correlation with 

both CAST and Lgr5, which left a further study orientation for GC molecule 

biochemistry, transcriptomics, and proteomics. Though CAST is discovered a 

prominent impact on GC patients’ survival after multivariate adjustments, 

multi-databases datasets revealed that macrophage might be a key role in 

immune regulation in GC microenvironment toward tumor suppression.  

 

Our research revealed CAST as a potential oncogene toward GC formation. 

Previous studies seldom focused on this novel issue. Liu et al. [15] appointed 

that except for CAST, CAPN1, CAPN2, and CaM might also contribute to GC 

formation, which is partially compatible with our results. The Calpain system 

was also associated with colorectal adenocarcinoma and prostate cancer, 

which suggested that calpains might be an important character in 

tumorigenesis tumor progression [29,30]. Calpain system is relevant to human 

epidernal growth factor receptor 2 and E-cadherin in breast cancer [31,32]. 

Meanwhile, calpain-2 was proved to contribute to the promoter methylation 

of CRMP4 to repress the transcription, heading to the metastasis of prostate 

cancer by enhancing vascular endothelial growth factor C expression [33].  

 

The mechanism of CAST resulting GC was still unclear. We tried to find the 

relevant gene expression or possible pathways. After databases mining, Lgr5 

and CAST might regulate the GC formation via the same pathway-WNT 

family, especially WNT 2 and WNT 2B, as our novel findings in the GC 

formation signature. WNT/β-catenin pathway in gastric cancer showed an 
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important feature in regulating proliferation, stem cell maintenance, and 

homeostasis in gastric mucosa [34,35]. More than 30% of GC in which 

activated WNT/β-catenin signaling can be found. The fundamental role of 

WNT/β-catenin signaling in the self-renewal of GC stem cells has been 

demonstrated [36-38]. WNT/β-catenin signaling paradox was also an issue 

recently, discussing WNT signaling hyperactivation by mutations in  β-

catenin destruction complex components or β-catenin itself contributes to 

tumorigenesis [39]. β-catenin can be further activated by additional layers of 

regulation, which represented as the complicated role of WNT signaling 

deregulation in cancer [40-42]. The double-sided function (tumorigenesis or 

tumor suppression) of WNT/β-catenin system was disclosed in our 

clinicopathological datasets survival follow-up. 

 

Recently, TAM was discovered to be associated with WNT signaling in tumor 

microenvironment. Wu et al. [43] demonstrated that macrophages play a 

protumorigenic role in GC patients. The possible mechanism might be 

originated from tumor microenvironment related inflammation, matrix 

remodeling, angiogenesis, seeding at distant sites, intravasation, and tumor 

cell invasion [44]. The current studies also give scientists a clue that 

macrophages may play a helpful or harmful role in GC microenvironment. 

Huang et al. also demonstrated that the heterogeneity of macrophages within 

the tumor is present at both macro- and micro-levels due to the gradient 

change of different markers [45]. In our study, the role macrophage 

infiltration in GC associated with CAST revealed the unsure character in GC 

formation and survival. We hypothesize that macrophage infiltration could 

manipulate the exact signaling pathway of GC carcinogenesis process. Maybe 

further in vitro researches should be launched to unblind the mechanism. 
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We had confidence in database mining for genes and macrophage relevant to 

GC on the basis of some characteristics such as high reproducibility, high 

convenience, and no need of inform and consent from patients. The analytic 

methodology of our article is very suitable to establish a precise/personalized 

evaluation of a molecular investigation of GC. Though we found a novel 

marker and immune infiltration correlated with GC, we had acknowledged 

some limitations in our study. First, though databases contained a lot of 

bioinformatics online, we still need to explore further experiments for external 

validation for the results. Second, the detailed mechanism of how these genes 

(CAST, WNT, and Lgr5) cause the carcinogenesis of GC was still a question 

mark. However, we could use databases to make preliminary reports of these 

genes, to facilitate the confidence of future novel GC carcinogenetic models.  

Third, we need tissue sample confirmation due to the possible potential 

tumor purification error.  

 

CONCLUSION 

Our study explored that CAST was a signature oncogene in GCs. Moreover, 

the CAST gene in gastric carcinogenesis was regulated by macrophage in our 

OS analyses. The detailed mechanism of CAST gene related GCs formation 

was still investigated, probably associated with Lgr5-related pathways and 

WNT/β catenin cellular signaling.  
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Abbreviations: GC: gastric cancer; OS: overall survival; TPM: transcripts per 

million; FPKM: frgments per kilobase per million; FDR, false discovery rate; 

ACC: Adrenocortical Carcinoma; BLCA: Bladder Urothelial Carcinoma; 

BRCA: Breast Invasive Carcinoma; CESC: Cervical and Endocervical Cancer; 

CHOL: Cholangiocarcinoma; COAD: Colon Adenocarcinoma; DLBC: diffuse 

Large B-cell Lymphoma; ESCA: Esophageal Carcinoma; GBM: Glioblastoma 

Multiforme; HNSC: Head and Neck Cancer; KICH: Kidney Chromophobe; 

KIRC: Kidney Renal Clear Cell Carcinoma; KIRP: Kidney Renal Papillary Cell 

Carcinoma; LAML: Acute Myeloid Leukemia; LGG: Lower Grade Glioma; 

LIHC: Liver Hepatocellular Carcinoma; LUAD: Lung Adenocarcinoma; 

LUSC: Lung Squamous Cell Carcinoma; MESO: Mesothelioma; OV: Ovarian 

Serous Cystadenocarcinoma; PAAD: Pancreatic Adenocarcinoma; PCPG: 

Pheochromocytoma and Paraganglioma; PRAD: Prostate Adenocarcinoma; 

READ: Rectum Adenocarcinoma; SARC: Sarcoma; SKCM: Skin Cutaneous 

Melanoma; STAD: Stomach Adenocarcinoma; TGCT: Testicular Germ Cell 

Tumors; THCA: Thyroid Carcinoma; THYM: Thymoma; UCEC: Uterine 

Corpus Endometrial Carcinoma; UCS: Uterine Carsinosarcoma; UVM: Uveal 

Melanoma 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


29 
 

Author contributions  

K.-T.Y., C.-J.L., R.C., and Y.-W.T. designed the study concept and the 

structure of the article. K.-T.Y. wrote the draft. J.-T. Wang drew the graphical 

abstract. J.-S.C. modified the whole article. All authors contributed to the 

article and approved the submitted version. 

 

Funding 

There was no external funding.  

 

Conflict of Interest 

The authors declare that the study was conducted in the absence of any 

commercial or financial relationships, which could be construed as a potential 

conflict of interest. 

 

Acknowledgments 

We appreciate Associate Director: Huey-Kang Sytwu of Taiwan National 

Health Research Institutes for study concept modification and further 

laboratory research design.  

 

 

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


30 
 

REFERENCES 

1.Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN 

estimates of incidence and mortality worldwide for 36 cancers in 185 

countries [published online ahead of print, 2021 Feb 4]. CA Cancer J Clin. 

2021;10.3322/caac.21660. doi:10.3322/caac.21660 

2.GBD 2017 Mortality Collaborators. Global, regional, and national age-sex-

specific mortality and life expectancy, 1950-2017: a systematic analysis for the 

Global Burden of Disease Study 2017 [published correction appears in Lancet. 

2019 Jun 22;393(10190):e44]. Lancet. 2018;392(10159):1684-1735. 

doi:10.1016/S0140-6736(18)31891-9 

3.He Y, Wang Y, Luan F, et al. Chinese and global burdens of gastric cancer 

from 1990 to 2019 [published online ahead of print, 2021 May 1]. Cancer Med. 

2021;10.1002/cam4.3892. doi:10.1002/cam4.3892 

4.Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 

worldwide for 36 cancers in 185 countries [published correction appears in 

CA Cancer J Clin. 2020 Jul;70(4):313]. CA Cancer J Clin. 2018;68(6):394-424. 

doi:10.3322/caac.21492 

5.Arnold M, Park JY, Camargo MC, Lunet N, Forman D, Soerjomataram I. Is 

gastric cancer becoming a rare disease? A global assessment of predicted 

incidence trends to 2035. Gut. 2020;69(5):823-829. doi:10.1136/gutjnl-2019-

320234 

6.Oliveira C, Pinheiro H, Figueiredo J, Seruca R, Carneiro F. Familial gastric 

cancer: genetic susceptibility, pathology, and implications for 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


31 
 

management. Lancet Oncol. 2015;16(2):e60-e70. doi:10.1016/S1470-

2045(14)71016-2 

7.Huntsman DG, Carneiro F, Lewis FR, et al. Early gastric cancer in young, 

asymptomatic carriers of germ-line E-cadherin mutations. N Engl J Med 2001; 

344: 1904–09. 

8.Worthley DL, Phillips KD, Wayte N, et al. Gastric adenocarcinoma and 

proximal polyposis of the stomach (GAPPS): a new autosomal dominant 

syndrome. Gut 2012; 61: 774–79. 

9.Wang X, Wang X, Liu Y, et al. LGR5 regulates gastric adenocarcinoma cell 

proliferation and invasion via activating Wnt signaling pathway [published 

correction appears in Oncogenesis. 2019 Feb 2;8(2):10]. Oncogenesis. 

2018;7(8):57. Published 2018 Aug 9. doi:10.1038/s41389-018-0071-5 

10.Nakata, S., Phillips, E. & Goidts, V. Emerging role for leucine-rich repeat-

containing G-protein-coupled receptors LGR5 and LGR4 in cancer stem 

cells. Cancer Manag. Res. 6, 171–180 (2014). 

11.Wu C, Xie Y, Gao F, et al. Lgr5 expression as stem cell marker in human 

gastric gland and its relatedness with other putative cancer stem cell 

markers. Gene. 2013;525(1):18-25. doi:10.1016/j.gene.2013.04.067 

12.Vo TM, Burchett R, Brun M, Monckton EA, Poon HY, Godbout R. Effects of 

nuclear factor I phosphorylation on calpastatin (CAST) gene variant 

expression and subcellular distribution in malignant glioma cells. J Biol Chem. 

2019;294(4):1173-1188. doi:10.1074/jbc.RA118.004787 

13.Benetti R, Copetti T, Dell'Orso S, et al. The calpain system is involved in the 

constitutive regulation of beta-catenin signaling functions. J Biol Chem. 

2005;280(23):22070-22080. doi:10.1074/jbc.M501810200 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


32 
 

14.Goll D. E., Thompson V. F., Li H., Wei W., and Cong J. (2003) The calpain 

system. Physiol. Rev. 83, 731–801 10.1152/physrev.00029.2002 

15.Liu B, Zhou Y, Lu D, et al. Comparison of the protein expression of 

calpain-1, calpain-2, calpastatin and calmodulin between gastric cancer and 

normal gastric mucosa. Oncol Lett. 2017;14(3):3705-3710. 

doi:10.3892/ol.2017.6617 

16.Salmaninejad A, Valilou SF, Soltani A, Ahmadi S, Abarghan YJ, Rosengren 

RJ, et al. Tumor-associated macrophages: role in cancer development and 

therapeutic implications. Cell Oncol. (2019) 42:591–608. doi: 10.1007/s13402-

019-00453-z 

17.Biswas SK, Mantovani A. Macrophage plasticity and interaction with 

lymphocyte subsets: cancer as a paradigm. Nat Immunol. (2010) 11:889–96. doi: 

10.1038/ni.1937 

18.DeNardo DG, Ruffell B. Macrophages as regulators of tumour immunity 

and immunotherapy. Nat Rev Immunol. (2019) 19:369–82. doi: 10.1038/s41577-

019-0127-6 

19.Wu K, Lin K, Li X, et al. Redefining Tumor-Associated Macrophage 

Subpopulations and Functions in the Tumor Microenvironment. Front 

Immunol. 2020;11:1731. Published 2020 Aug 4. doi:10.3389/fimmu.2020.01731 

20.Szklarczyk D, Gable AL, Nastou KC, et al. The STRING database in 2021: 

customizable protein-protein networks, and functional characterization of 

user-uploaded gene/measurement sets. Nucleic Acids Res. 2021;49(D1):D605-

D612. doi:10.1093/nar/gkaa1074 

21.Xiong DL, Li Q, Wang H, Jin WL, Fan XM, Ma YY. High expression of 

PPM1G is associated with the progression and poor prognosis of 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


33 
 

hepatocellular carcinoma [published online ahead of print, 2021 Jul 

30]. Cancer Biomark. 2021;10.3233/CBM-203248. doi:10.3233/CBM-203248 

22.Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced web server 

for large-scale expression profiling and interactive analysis. Nucleic Acids Res. 

2019;47(W1):W556-W560. doi:10.1093/nar/gkz430 

23.Thul PJ, Lindskog C. The human protein atlas: A spatial map of the human 

proteome. Protein Sci. 2018;27(1):233-244. doi:10.1002/pro.3307 

24.Szász AM, Lánczky A, Nagy Á, Förster S, Hark K, Green JE, Boussioutas A, 

Busuttil R, Szabó A, Győrffy B: Cross-validation of survival associated 

biomarkers in gastric cancer using transcriptomic data of 1,065 patients, 

Oncotarget, DOI: 10.18632/oncotarget.10337 

25.Li T, Fu J, Zeng Z, et al. TIMER2.0 for analysis of tumor-infiltrating immune 

cells. Nucleic Acids Res. 2020;48(W1):W509-W514. doi:10.1093/nar/gkaa407  

26.Li T, Fan J, Wang B, et al. TIMER: A Web Server for Comprehensive Analysis 

of Tumor-Infiltrating Immune Cells. Cancer Res. 2017;77(21):e108-e110. 

doi:10.1158/0008-5472.CAN-17-0307 

27.Li B, Severson E, Pignon JC, et al. Comprehensive analyses of tumor 

immunity: implications for cancer immunotherapy. Genome Biol. 

2016;17(1):174. Published 2016 Aug 22. doi:10.1186/s13059-016-1028-7 

28.Franz M, Rodriguez H, Lopes C, et al. GeneMANIA update 2018. Nucleic 

Acids Res. 2018;46(W1):W60-W64. doi:10.1093/nar/gky311 

29.Lakshmikuttyamma A, Selvakumar P, Kanthan R, Kanthan SC, Sharma 

RK. Overexpression of m-calpain in human colorectal 

adenocarcinomas. Cancer Epidemiol Biomarkers Prev. 2004;13:1604–1609. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


34 
 

30.Rios-Doria J, Day KC, Kuefer R, Rashid MG, Chinnaiyan AM, Rubin MA, 

Day ML. The role of calpain in the proteolytic cleavage of E-cadherin in 

prostate and mammary epithelial cells. J Biol Chem. 2003;278:1372–1379. 

doi: 10.1074/jbc.M208772200. 

31.Panis C, Pizzatti L, Corrêa S, Binato R, Lemos GF, Herrera AC, Seixas TF, 

Cecchini R, Abdelhay E. The positive is inside the negative: HER2-negative 

tumors can express the HER2 intracellular domain and present a HER2-

positive phenotype. Cancer Lett. 2015;357:186–195. 

doi: 10.1016/j.canlet.2014.11.029. 

32.Ye Y, Tian H, Lange AR, Yearsley K, Robertson FM, Barsky SH. The 

genesis and unique properties of the lymphovascular tumor embolus are 

because of calpain-regulated proteolysis of E-

cadherin. Oncogene. 2013;32:1702–1713. doi: 10.1038/onc.2012.180. 

33.Gao X, Mao YH, Xiao C, et al. Calpain-2 triggers prostate cancer metastasis 

via enhancing CRMP4 promoter methylation through NF-κB/DNMT1 

signaling pathway. Prostate. 2018;78(9):682-690. doi:10.1002/pros.23512 

34.Chiurillo MA. Role of the Wnt/β-catenin pathway in gastric cancer: An in-

depth literature review. World J Exp Med. 2015;5(2):84-102. Published 2015 

May 20. doi:10.5493/wjem.v5.i2.84 

35.Barker N, Huch M, Kujala P, van de Wetering M, Snippert HJ, van Es JH, 

Sato T, Stange DE, Begthel H, van den Born M, et al. Lgr5(+ve) stem cells 

drive self-renewal in the stomach and build long-lived gastric units in 

vitro. Cell Stem Cell. 2010;6:25–36.  

36.Ishimoto T, Oshima H, Oshima M, Kai K, Torii R, Masuko T, Baba H, Saya 

H, Nagano O. CD44+ slow-cycling tumor cell expansion is triggered by 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


35 
 

cooperative actions of Wnt and prostaglandin E2 in gastric 

tumorigenesis. Cancer Sci. 2010;101:673–678. 

37.Cai C, Zhu X. The Wnt/β-catenin pathway regulates self-renewal of cancer 

stem-like cells in human gastric cancer. Mol Med Rep. 2012;5:1191–1196. 

38.Mao J, Fan S, Ma W, Fan P, Wang B, Zhang J, Wang H, Tang B, Zhang Q, 

Yu X, et al. Roles of Wnt/β-catenin signaling in the gastric cancer stem cells 

proliferation and salinomycin treatment. Cell Death Dis. 2014;5:e1039. 

39.Jung YS, Park JI. Wnt signaling in cancer: therapeutic targeting of Wnt 

signaling beyond β-catenin and the destruction complex. Exp Mol Med. 

2020;52(2):183-191. doi:10.1038/s12276-020-0380-6 

40.Jung HY, Jun S, Lee M, et al. PAF and EZH2 induce Wnt/β-catenin 

signaling hyperactivation. Mol Cell. 2013;52(2):193-205. 

doi:10.1016/j.molcel.2013.08.028 

41.Koo BK, Spit M, Jordens I, et al. Tumour suppressor RNF43 is a stem-cell 

E3 ligase that induces endocytosis of Wnt receptors. Nature. 

2012;488(7413):665-669. doi:10.1038/nature11308 

42.Jung YS, Wang W, Jun S, et al. Deregulation of CRAD-controlled 

cytoskeleton initiates mucinous colorectal cancer via β-catenin. Nat Cell Biol. 

2018;20(11):1303-1314. doi:10.1038/s41556-018-0215-z 

43.Wu MH, Lee WJ, Hua KT, Kuo ML, Lin MT. Macrophage Infiltration 

Induces Gastric Cancer Invasiveness by Activating the β-Catenin 

Pathway. PLoS One. 2015;10(7):e0134122. Published 2015 Jul 30. 

doi:10.1371/journal.pone.0134122 

44.Condeelis J, Pollard JW. Macrophages: obligate partners for tumor cell 

migration, invasion, and metastasis. Cell. 2006;124(2):263-266. 

doi:10.1016/j.cell.2006.01.007 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1


36 
 

45.Huang YK, Wang M, Sun Y, et al. Macrophage spatial heterogeneity in 

gastric cancer defined by multiplex immunohistochemistry. Nat Commun. 

2019;10(1):3928. Published 2019 Sep 2. doi:10.1038/s41467-019-11788-4 

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2021                   doi:10.20944/preprints202108.0418.v1

https://doi.org/10.20944/preprints202108.0418.v1

