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Abstract 

Recent advancements have elucidated the multifaceted roles of the Schlafen (SLFN) family, including 
SLFN5, SLFN11, SLFN12, SLFN13, and SLFN14, which are implicated in immunological responses. 
However, little is known about the roles of this gene family in relation to malignancy development. The 
current study aimed to explore the diagnostic and prognostic potential of Schlafen family genes in 
colorectal adenocarcinoma (COAD) through bioinformatics analysis. Leveraging advanced bioinformatics 
tools of bulk RNA-sequencing and single-cell sequencing, we conducted in-depth analyses of gene 
expressions, functional enrichment, and survival patterns of patients with colorectal cancer compared to 
normal tissue. Among Schlafen family genes, the transcription levels of SLFN5 in COAD tissues were 
significantly elevated and correlated with poor survival outcomes. Furthermore, SLFN5 regulated the 
immune response via Janus kinase (JAK)/signal transduction and activator of transcription 
(STAT)/interferon (IFN)-alpha/beta signaling. These chemokines in inflammation are associated with 
diabetes and metabolism, suggesting their involvement in altered cellular energetics for COAD progress. 
In addition, an immune cell deconvolution analysis indicated a correlation between SLFN5 expression and 
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immune-related cell populations, such as regulatory T cells (Tregs). These findings highlighted the 
potential clinical significance of SLFN5 in COAD and provided insights into its involvement in the tumor 
microenvironment and immune regulation. Meanwhile, the drug discovery data of SFLN5 with potential 
targeted small molecules suggested its therapeutic potential for COAD. Collectively, the current 
research demonstrated that SFLN5 play crucial roles in tumor development and serve as a prospective 
biomarker for COAD. 

Keywords: colorectal adenocarcinoma (COAD), Schlafen (SLFN) family genes, cell metabolism, immune infiltration, tumor 
microenvironment, single cell technology 

1. Introduction 
Colorectal adenocarcinoma (COAD) is the 

predominant subtype of colorectal cancer (CRC), 
which progresses slowly but ranks third among the 
leading causes of cancer-related deaths worldwide 
[1-3]. CRC is a major public health concern, and a 
deeper understanding of treatment options is crucial 
for researchers investigating novel therapeutic 
strategies in cancer immunity. Chemotherapy 
remains a mainstay of CRC treatment, particularly for 
advanced or metastatic disease, such as 5-Fluorouracil 
(5-FU) [4], Capecitabine (Xeloda) [5], Irinotecan 
(Camptosar) and oxaliplatin (Eloxatin) [6]. These 
drugs are often combined in various regimens 
depending on the specific stage and characteristics of 
the CRC. For patients with microsatellite instability 
(MSI) tumors [7-9], a subset of CRC characterized by 
high rates of mutations, immunotherapy has emerged 
as a promising treatment option [10]. MSI tumors are 
more likely to be recognized by the immune system 
due to the presence of these mutations, making them 
more susceptible to immune checkpoint inhibitors, 
such as pembrolizumab (Keytruda) and nivolumab 
(Opdivo) work by blocking molecules that normally 
dampen the immune response, this allows T cells to 
recognize and attack cancer cells more effectively [11]. 

The Schlafen (SLFN) gene family, named after 
the German word schlafen meaning sleeping, was 
initially identified as a group of growth-regulatory 
genes in mice that exhibited differential regulation 
during thymocyte development and T cell activation 
[12-14]. In humans, there are several SLFN family 
members, including SLFN1, SLFN5, SLFN11, SLFN12, 
SLFN12L, SLFN13, and SLFN14, were originally 
identified for their roles in mediating antiviral 
responses; however, they were also recently reported 
to be involved in various cellular processes including 
cell cycle regulation, cell proliferation, DNA repair, 
and protein folding [15-17]. Such diverse functions of 
SLFNs suggest their potential significance in 
malignant diseases. However, the comprehensive 
roles of SLFN family genes in pan-cancer analysis are 
yet to be fully clarified. 

Advancements in bioinformatics have 
revolutionized our ability to dissect the molecular 
intricacies of cancers [18-20]. Integrating large-scale 

omics data, including genomics, transcriptomics, and 
proteomics, has provided unprecedented insights into 
the complex landscape of genetic alterations and 
signaling pathways associated with different tumor 
stages [21-23]. The ability to identify dysregulated 
pathways, gene expression clusters, and potential 
therapeutic targets has been facilitated by 
bioinformatic tools, thus contributing to the 
development of molecular subtyping strategies and 
assisting the provision of personalized treatment 
approaches [24-29]. Bioinformatic analyses have 
revealed that among SLFN family members, SLFN5 
stands out as being uniquely overexpressed in COAD 
compared to normal tissues. Therefore, this study 
prioritized SLFN5 for further examination, given its 
significant expression differences and potential 
biological importance in COAD. 

2. Materials and Methods 
2.1 Tissue microarray and 
immunohistochemical analyses 

 To construct a Tissue microarray (TMA) and 
immunohistochemical (IHC) analyses, 
1.5-mm-diameter cores were extracted from 52 COAD 
patient-derived paraffin-embedded specimens, 
curated in the pathology archives of the Kaohsiung 
Armed Forces General Hospital, with approval by the 
Institutional Review Board (KAFGH-IRB: 111-041). 
Representative regions encompassing normal, 
neoplastic and adjacent non-neoplastic epithelial 
tissues were selected based on histological evaluation 
of hematoxylin and eosin (H&E)-stained sections. 
Sections of 4-μm thickness were prepared from 
compiled TMA blocks, followed by sequential 
deparaffinization in xylene and rehydration through 
graded ethanol solutions. The rehydrated sections 
underwent antigen retrieval in 10 mM sodium citrate 
buffer. Endogenous peroxidase activity was mitigated 
by treating sections with a 3% hydrogen peroxide 
solution in methanol for 30 min. After peroxidase 
blocking, tissue sections were incubated with a 
primary antibody that specifically targeted SLFN5 
(clone no. HPA017760, Merck, Darmstadt, Germany) 
while being maintained at 4 °C overnight. This step 
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was followed by incubation with an appropriate 
secondary antibody, following the manufacturer’s 
specifications. Antigen-antibody complexes were 
detected using the 3,3'-diaminobenzidine 
tetrahydrochloride (DAB) chromogen, while 
employing a Vectastain ABC kit (Vector Laboratories, 
Burlingame, CA, USA) for 1 min. The specificity of the 
anti-SLFN5 antibody was validated by implementing 
both negative and positive control experiments by 
Hao-Long Biotechnology-Ltd., Kaohsing City, 
Taiwan, as we previously described [30-32]. 

2.2. Bioinformatic and functional enrichment 
analyses 

 In this study, gene expression data of colorectal 
tissues were obtained from The Cancer Genome Atlas 
(TCGA) patients, paired with transcriptomic data of 
normal colon tissues obtained from the GTEx 
platform [33], to conduct a differential gene 
expression (DEG) analysis of the SLFN gene family 
among various cancer types [34]. To gain insights into 
the functional implications of SLFN5-regulated genes, 
we utilized the clusterProfiler R package [35], Omics 
Playground v.3.4.1 [36], and SRplot platform [37], 
which were powerful tools for conducting functional 
enrichment analyses. Briefly, The Cancer Genome 
Atlas Colon Adenocarcinoma (TCGA-COAD) 
patients were divided into two groups based on the 
median expression of the SLFN5 gene. Lists of 
significant DEGs from these cohorts were then input 
into an algorithm to investigate biological processes, 
molecular functions, and cellular components [38]. To 
provide a more comprehensive analysis, we ranked 
the DEG gene list and conducted a gene set 
enrichment analysis (GSEA) using the Hallmark 
database [39]. For pathway analysis, we initially 
downloaded genes co-expressed with SLFN5 in 
COAD patients from TCGA via the cbioportal 
platform. Subsequently, MetaCore was employed to 
construct networked pathways derived from an input 
gene list to explore biological processes [40-42]. 

2.3 Survival analysis 
 To investigate the association between SLFN5 

expression and the overall survival of COAD patients 
from TCGA, we utilized the Kaplan-Meier (KM) 
plotter within the UALCAN platform [43]. UALCAN 
allows us to analyze pre-computed KM survival 
curves for genes of interest across various cancer 
types, including COAD. In the current analysis, we 
focused on COAD patients and compared the survival 
of patients with high and low SLFN5 expression 
levels based on the UALCAN predefined cut-off. The 
KM plot generated by UALCAN provides hazard 
ratios (HRs) with 95% confidence intervals (CIs) and a 

log-rank p-value to assess the statistical significance of 
the observed difference in survival between the two 
groups. This approach leverages the robust and 
well-annotated TCGA data, eliminating the need for 
separate data retrieval and analysis from original 
datasets [44-46].  

2.4 DNA methylation and Cancer Cell Line 
Encyclopedia analyses 

In this study, we performed DNA methylation 
analysis to examine variations in methylation patterns 
of SLFN5 in COAD patients using data from the 
TCGA dataset. To achieve this, we utilized several 
methylation databases by MethSurv [47], which is a 
comprehensive tool for investigating the expression 
and prognostic patterns of single CpG methylation 
sites of SLFN5 in COAD [48-50]. In conjunction with 
investigating SLFN5 mRNA expression levels from 
the TMNplot database [51], we further examined its 
expression levels in different cell lines using the 
Cancer Cell Line Encyclopedia (CCLE) database. 
CCLE provides comprehensive access to 
pharmacologic and genetic characterizations of 
diverse human cancer models, while the RNA-Seq 
aligned reads tool was utilized on 60 independent 
COAD cell lines using default settings, as previously 
described [52-54]. 

2.5. Gene set signature analysis and immune 
deconvolution 

The COAD patients from TCGA were grouped 
based on the median expression level of SLFN5 into 
high and low groups. The GSEA was used to identify 
groups of genes that were more or less active 
depending on SLFN5 expression. Results were 
considered to be statistically significant if they met 
specific criteria: a false discovery rate (FDR) of 0.25, a 
normalized enrichment score (NES) of > 1.5 in 
absolute value, and a nominal p-value of < 0.05. A 
positive NES indicated that genes at the top of the list 
were more active in patients with higher SLFN5 
expression [55-59]. These comprehensive analyses 
provide valuable information for identifying potential 
biomarkers, therapeutic targets, and personalized 
treatment strategies in cancer research. 

2.6. Single-cell RNA-sequencing and 
antibody-based protein profiling using the 
Human Protein Atlas  

The Human Protein Atlas (HPA) encompasses a 
comprehensive tissue-based map of the human 
proteome [60], and single-cell type transcriptomics for 
different types of cancers [61]. Therefore, we 
leveraged the HPA to methodically evaluate the 
mRNA and protein levels pertaining to SLFN5 
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expression across both normal and malignant COAD 
tissues. Meanwhile, to investigate how SLFN family 
members contribute to the heterogeneity of COAD, 
we conducted single-cell analysis of colon tissues. 
Results are presented through a dendrogram 
illustrating relationships between different cell types, 
a gene cluster Uniform Manifold Approximation and 
Projection (UMAP) plot depicting gene relationships 
across cell types, and a summary of genes elevated in 
each cell type [62-66]. 

2.7. Drug sensitivity analysis 
 To evaluate the sensitivity of SLFN5 to various 

drugs, we utilized the Genome Set for Cancer 
Analysis (GSCA), this platform including Genomics 
of Drug Sensitivity in Cancer (GDSC) and the Cancer 
Therapeutics Response Portal (CTRP). Using GSCA, 
we identified several small-molecule compounds 
exhibiting significant sensitivity correlations with 
SLFN5, providing a robust framework for exploring 
new therapeutic avenues [67-70]. 

2.8. Statistical analysis 
In this study, all statistical analyses were 

performed using R version 4.1.3. The significance of 
differences among various phenotypic groups was 
evaluated with the Wilcoxon test, which is a 
non-parametric statistical test suitable for comparing 
two independent samples. To address multiple 
testing, p values from the Wilcoxon test were adjusted 
using the FDR method. A p-value of < 0.05 was 
considered statistically significant, as we previously 
described [71-73]. 

3. Results 
3.1. Differential expression levels of SLFN5 in 
COAD 

In this study, leveraging advanced bioinformatic 
tools using bulk sequencing and single-cell 
sequencing, we conducted in-depth analyses of gene 
expressions, functional enrichment, and survival 
patterns (Figure 1). First, expressions of SLFN family 
genes in a pan-cancer analysis were analyzed by 
comparing TCGA cancer patients to normal tissue. 
Expressions of SLFN family genes varied across 
different types of cancer and relevant normal samples 
(Figure 2A). Furthermore, we assessed transcriptional 
levels of SLFN family genes between COAD patients 
and normal tissue. The data revealed that only 
transcription levels of SLFN5 in COAD tissues were 
significantly higher than normal tissue (Figure 2B). 
Subsequently, further analysis suggested that 
methylation levels of the SLFN5 promoter were 
significantly positively associated with malignant 
stages of COAD patients (Figure 3A, B). Next, KM 

curves and log-rank test outcomes also indicated that 
elevated expression of SLFN5 was linked to a shorter 
overall survival (OS) rate in COAD patients (Figure 
3C). 

IHC analyses are a significant method in cancer 
detection as they allow visualization of 
antigen-antibody responses within tumors, which is 
particularly useful for identifying upregulated 
antigens. The HPA database provides IHC images of 
SLFN5 in COAD tissues, illustrating expression 
patterns in both normal colon and COAD tissues. 
IHC-stained images depict the intensities of 
antibodies in both COAD and adjacent normal tissues, 
with a bar chart under each IHC-stained image 
indicating the IHC staining intensity for SLFN5 (high, 
medium, low, and not detected) (Figure 3D). On the 
other hand, clinical validation results of IHC assays 
for SLFN5 protein expression by COAD patients at 
Kaohsiung Armed Forces General Hospital (Figure 4). 
Both IHC analytical results confirmed increased 
protein expression of SLFN5, consistent with the 
above mRNA differential expression analyses. 

3.2. Bulk and single-cell RNA-Seq analysis 
using the HPA 

Given the heterogeneity of COAD, we 
performed single-cell analysis to characterize the 
transcriptomic expression of SLFN5 within different 
cell clusters. A heatmap (Figure 5A) quantitatively 
displays SLFN5 expression levels in conjunction with 
established cellular markers across distinct single-cell 
clusters identified within COAD tissues. 
Accompanying the heatmap is an annotated legend 
categorizing each marker according to its 
corresponding cell type, employing a systematic 
color-coding scheme to delineate groups of cell types 
possessing analogous functional attributes. Herein, 
we comprehensively examined SLFN5 expression 
patterns across diverse cancer types to ascertain 
commonalities and distinctions in its expression 
profile. This assessment aimed to unveil the broader 
oncological significance of SLFN5, extending beyond 
its role in COAD (Figure 5B). Expression dynamics of 
SLFN5 at the single-cell level are depicted through a 
dual-modality approach, incorporating a UMAP plot 
for a distribution analysis (left) and a quantitative bar 
chart for an expression level assessment (right). These 
methodologies collectively elucidated intricate 
expression patterns of SLFN5 within the 
heterogeneous cellular landscape of the COAD tumor 
microenvironment (TME) (Figure 5C). 

 In particular, an immune cell deconvolution 
analysis indicated a correlation between SLFN5 
expression and immune-related cell populations, such 
as regulatory T cells (Tregs). A critical process in 
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tumor development is forming an immunosup-
pressive state within the TME. Tregs are an essential 
type of suppressive immune cell. Research has 
demonstrated that Tregs can inhibit the function of 
effector T cells through various mechanisms, 
including cell surface inhibitors, inhibitory cytokines, 
and direct cytotoxicity. A growing body of preclinical 
data suggests that depleting Tregs or inhibiting their 
function can promote tumor regression. Additionally, 
apoptotic Tregs may exacerbate immunosuppression, 

leading to ineffective immunotherapies targeting 
immunosuppressive pathways. Meanwhile, the 
inclusion of single-cell expression data aimed to shed 
light on potential interactive dynamics between 
SLFN5 expression and immunological constituents 
within the COAD tumor milieu, thereby enriching our 
understanding of the immunobiological under-
pinnings associated with SLFN5's presence (Figure 
5D). 

 

 
Figure 1. Overview of the workflow of the study. 
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Figure 2. Pan-cancer analysis of Schlafen (SLFN) family genes from TCGA patients. (A) Transcript levels of SLFN family genes in normal and cancer tissues from TCGA patients 
via the UALCAN platform. (B) Box plots indicate SLFN family mRNA expression in TCGA dataset, and only SLFN5 had high expression levels in COAD patients (p < 0.05 was 
considered significant). 
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Figure 3. Schlafen 5 (SLFN5) plays an oncogenic role in COAD development. (A-B) SLFN5 promoter methylation levels in COAD were determined by a patient's tumor stage 
(p < 0.05). (C) Kaplan-Meier plot of SLFN5 expression in COAD patients for an overall survival analysis from TCGA patients via the UALCAN platform. (D) Analysis of SLFN5 
in COAD specimens using the Human Protein Atlas (HPA). Protein levels of SLFN5 were examined in clinical COAD specimens from the HPA. IHC images of SLFN5 illustrate 
staining intensities. The HPA provided IHC images and patient information, including both normal and tumor samples. Bar charts present quantified IHC staining in COAD 
specimens, allowing for a comparative analysis. 

 

3.3. Methylation and CCLE analysis  
For the DNA methylation analysis, a heatmap 

was created to show locations of DNA methylation in 
SLFN5 in COAD. Methylated CpG sites were 
identified for SLFN5, among which one site had high 
expression levels. Out of all of the sites, cg05897169, 
cg13451886, cg06940925, and cg22894742 showed 
higher levels of DNA methylation (Figure 6A). On the 
other hand, the RNA-Seq analysis from the CCLE was 
employed to evaluate SLFN5 mRNA expression levels 
across different CRC cell lines. The color gradient 

within the presentation, ranging from red (indicating 
high expression) to blue (indicating low expression), 
provides a comparative view of SLFN5 transcript 
abundances in each cancer cell line, thus offering 
insights into its regulatory landscape across diverse 
cellular backgrounds (Figure 6B). 

3.4. GSEA and gene ontology (GO) analysis 
Expression levels of the SLFN5 gene were 

divided into high- and low-expression cohorts based 
on median expression values from TCGA-COAD 
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patients. A subsequent differential expression 
analysis utilized the DESeq2 computational method 
within the R/Bioconductor ecosystem. This analysis 
facilitated the identification of DEGs correlated with 
SLFN5 expression levels. The derived gene expression 
disparities provided the foundation for a subsequent 
GSEA, employing Hallmark gene sets within the fgsea 
package of R/Bioconductor. GSEA results illuminated 
statistically significant gene sets, characterized by 
their p values and NESs, thereby elucidating 
functional implications and biological relevance of 
these gene sets with SLFN5 expression disparities in 
COAD (Figure 7). 

For the GO analysis, functional and pathway 
enrichment analyses were performed on genes 
co-expressed with SLFN5 in COAD using TCGA data. 
The GO analysis was conducted to explore biological 
processes, cellular components, and molecular 
functions associated with genes co-expressed with 
SLFN5 in COAD. The graphical representation 
utilizes various circle sizes to represent the number of 
genes involved in each specific GO term and quantify 
their biological impacts. Additionally, color 
gradations within these graphical elements signify p 
values associated with GO terms, providing a 
statistical measure of the significance of enrichment. 
This analytical approach aids in decoding complex 
biological narratives underpinning the network of 
genes co-expressed with SLFN5 (Figure 8A). For the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analysis, an examination was 
undertaken to identify and analyze pathways 
enriched within the cohort of SLFN5 co-expressed 

genes, utilizing comprehensive datasets available 
within the KEGG database. This pathway enrichment 
analysis shed light on the broader biological 
pathways and mechanisms potentially modulated by 
the SLFN5 co-expression network, offering insights 
into systemic biological interactions and pathways 
implicated in COAD's etiology and progression 
(Figure 8B). 

3.5. Exploring biological pathways and disease 
associations through the MetaCore database 

To investigate connections between DEG lists 
and downstream SLFN5-regulated networks across 
various biological pathways and diseases, an 
enrichment analysis was conducted using MetaCore 
platform. Upon inputting co-expressed genes from 
the TCGA database into MetaCore, numerous 
pathways and networks were identified as being 
associated with metabolism, specifically "Chemokines 
in inflammation in adipose tissues and liver in 
obesity, type 2 diabetes and metabolic syndrome X", 
"Immune response_IFN-alpha/beta signaling via 
JAK/STAT networks". This summary encapsulates 
molecular intricacies involved in the regulation and 
function of the ISGF3 complex within the broader 
context of cellular signaling pathways, offering 
insights into the mechanisms by which cells 
orchestrate a multifaceted response to environmental 
challenges (Figure 9). Additional information 
regarding remaining pathways and network-related 
data are given in Supplementary data 
(Supplementary Figure S1-3, Table S1). 

 

 
Figure 4. IHC expression of Schlafen 5 (SLFN5) in patients at different stages of colorectal adenocarcinoma (COAD) at Kaohsiung Armed Forces General Hospital. (A) 
Immunohistochemical staining showing the expression of SLFN5 in normal colon tissues, and COAD tissues at different stages (I-IV). (B-C) Quantitative analysis of SLFN5 positive 
cell rates in normal and various stages of COAD. The bar graph represents the percentage of positive cells in each group: Normal (n=4), Stage I (n=13), Stage II (n=15), Stage III 
(n=14), and Stage IV (n=6). Statistical significance was noted with **p<0.001 and ***p<0.001. 
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3.6. Association between SFLN5 and drug 
sensitivity  

In our study, we assessed the correlation 
between SLFN5 expression and the sensitivity of 
various drugs using the GSCA database. The results 

revealed significant correlations for multiple drugs, 
both positive and negative, indicating how SLFN5 
expression levels could potentially influence the 
efficacy of these treatments (Figure 10).  

 

 
Figure 5. Analysis of Schlafen 5 (SLFN5) in tumor microenvironment characteristics in colorectal adenocarcinoma (COAD). (A) Heatmap shows SLFN5 expression (on top) and 
well-known cell-type markers in different single cell-type clusters of this tissue. The panel on the left shows which cell type each marker is associated with. Color coding is based 
on cell type groups, each consisting of cell types with common functional features. (B) Correlations of SLFN5 in a pan-cancer analysis. (C) RNA expressions in the single-cell type 
clusters identified in this tissue were visualized by a UMAP plot (left) and a bar chart (right). (D) Immune cell expression of SLFN5 as obtained from the Human Protein Atlas. 
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Figure 6. DNA methylation of Schlafen 5 (SLFN5), and transcript expression levels of SLFN5 in different colorectal cancer cell lines (A) Heatmap of DNA methylation expression 
levels of SLFN5 in TCGA colorectal adenocarcinoma (COAD) patients. (B) RNA-sequencing analysis of SLFN5 mRNA in different colorectal cancer cell lines from the Cancer Cell 
Line Encyclopedia (CCLE). For each cancer cell line, high SFLN5 expression is indicated in red (left), while low expression is indicated in blue (right). 
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Figure 7. Hallmark signaling pathway analysis of Schlafen 5 (SLFN5) in colorectal adenocarcinoma (COAD). TCGA colorectal cancer patients were stratified into two groups 
based on the median SLFN5 expression value. A gene set enrichment analysis (GSEA) was then performed on these two groups using the Hallmark database. Results of the 
analysis revealed relevant enriched pathways in COAD groups with elevated SLFN5 expression. 
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Figure 8. Functional and pathway enrichment analyses were performed specifically on genes co-expressed with Schlafen 5 (SLFN5) in colorectal adenocarcinoma (COAD) 
TCGA patients. (A) The analysis involved gene ontology (GO) terms, including biological processes, cellular components, and molecular functions. Circle sizes in the visual 
representation of the results indicate the number of genes associated with each function, while colors of the bubbles correspond to p values, providing information about the 
statistical significance of the enrichment. (B) Pathway analysis of SLFN5 co-expressed genes in the KEGG database. 

 
Figure 9. MetaCore pathway analysis of Schlafen 5 (SLFN5) co-expressed genes in COAD patients from TCGA. (A) The MetaCore pathway enrichment analysis was conducted 
for genes co-expressed with SLFN5 in COAD patients, revealing potential pathways involving these genes ranked by their log p values. (B) The "Immune response_IFN-alpha/beta 
signaling via JAK/STAT" is highlighted, with symbols representing proteins and arrows indicating protein interactions (green for activation and red for inhibition). 
Thermometer-like histograms visually represent microarray gene expressions, with blue indicating downregulation and red indicating upregulation. 
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Figure 10. Drug sensitivity of Schlafen 5 (SLFN5) oncogene from GSCA. (A) Correlation between Genomics of Drug Sensitivity in Cancer (GDSC) data for FDA-approved drugs 
according to the SLFN5 expression levels. (B) Correlation of Cancer Therapeutics Response Portal (CTRP) drug data and SLFN5. 

 

4. Discussion 
 Despite significant progress in developing new 

therapies and improving prognoses for COAD 
patients, a deeper understanding of the molecular 
signaling pathway underlying these therapeutic 
effects remains crucial for further treatment 
optimization. Especially, some patients are diagnosed 
with advanced stage COAD, characterized by the 
presence of malignant growth that has already spread 
to regional lymph nodes. Therefore, there is a critical 
need to develop innovative biomarker-based 

prognostic techniques to facilitate early-stage COAD 
identification [74]. Oncogenes are critical genes that 
contribute to transforming normal cells into 
malignant ones, and individual pathways 
characterize tumor genesis and progression. 
Understanding these aspects may help future 
anticancer research and prevent cancer development 
[75]. As massive datasets have become available 
globally, more advanced high-throughput analysis 
approaches are necessary to analyze these big data. 
This study sought to identify novel biomarkers, 
explore molecular pathways, and evaluate treatment 
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modalities as examples of avenues to contribute to the 
existing knowledge base and potentially improve 
patient outcomes. 

 Through SLFN5-regulated networks, the 
analysis revealed that SLFN5-regulated chemokines 
are involved in inflammation in adipose tissues and 
the liver in obesity, type 2 diabetes, and metabolic 
syndrome X as well as the immune system. These data 
are consistent with previous research [76], such as 
platelet endothelial cell adhesion molecule 
(PECAM)-1 defects being key events for enhanced 
Akt/glycogen synthase kinase (GSK)-3β signaling in 
the diabetes mellitus (DM)-associated TME [77]. 
Meanwhile, our pathway enrichment analysis 
revealed that genes co-expressed with SLFN5 were 
correlated with "Immune response IFN-alpha/beta 
signaling via JAK/STAT" in COAD patients. Type I 
IFNs, via binding to the IFN-alpha/beta receptor, 
activate the JAK/STAT pathway. STATs and their 
complexes (INF-stimulated gene factor-3 (ISGF3) or 
STAT1/STAT2 heterodimers) induce gene 
expressions required for antiviral (Mx1, adenosine 
deaminase, RNA-specific (ADAR1), and 
2'-5'-oligoadenylate synthetase-1 (OAS1)), 
anti-proliferative (such as hypoxia-inducible 
factor-1A (HIF1A)), and immune response 
(INF-inducible T-cell-alpha chemoattractant (I-TAC), 
IFN-gamma, and chemokine CC-motif ligand 2 
(CCL2)) functions of type I IFNs [78-82]. 

 It is worth mentioning that Tregs play a crucial 
role in modulating immune responses by suppressing 
excessive activation of effector T-cell subsets, 
including T-helper cell type 1 (Th1) Th2, and Th17 
cells, thus contributing to the maintenance of 
intestinal homeostasis [83-85]. However, the precise 
roles and predictive potentials of Tregs in COAD 
remain ambiguous. In particular, our immune cell 
deconvolution analysis uncovered correlations 
between SLFN5 expression and immune-related cell 
populations, including Tregs, in COAD. Nevertheless, 
the specific role of SLFN5 in COAD-infiltrating Tregs 
remains to be elucidated. Further investigation into 
this relationship may provide valuable insights into 
the immunoregulatory mechanisms underlying 
COAD pathogenesis. In detail, our immune cell 
deconvolution analysis revealed a correlation 
between SLFN5 expression and immune-related cell 
populations, such as Tregs. This cascade of events 
underscores the complexity and specificity of the 
regulatory mechanisms governing gene transcription 
in response to external and internal cues, highlighting 
the intricate interplay between various signaling 
molecules and transcription factors in cellular defense 
mechanisms [86-88]. Meanwhile, through drug 
sensitivity results of SFLN5 with potential targeted 

drugs, which may have therapeutic potential for 
COAD, and these data are also consistent with 
previous research. 

The present study had several limitations, the 
study would benefit from additional validation and 
experimental results to further support and 
strengthen the findings. We validated our data via 
IHC assays of COAD clinical patients, however, the 
limited sample size in this study may restrict the 
generalizability and statistical power of the observed 
associations. Despite these limitations, this study 
established crucial groundwork, identifying avenues 
for future research and emphasizing the necessity for 
comprehensive and multifaceted investigations into 
the involvement of SLFN5 in COAD development. 

5. Conclusions 
 This study investigated the role of SLFN5 in 

COAD. Bulk RNA-sequencing revealed significant 
overexpression of SLFN5 in COAD tissues compared 
to normal tissue. Higher SLFN5 expression correlated 
with poorer overall survival in COAD patients. 
Immunohistochemistry confirmed elevated SLFN5 
protein expression of COAD tissues s compared to 
normal tissues. Single-cell analysis identified distinct 
SLFN5 expression patterns across different cell types 
within the COAD tumor microenvironment. 
Furthermore, SLFN5 expression correlated with 
Tregs, suggesting a potential role in immune 
modulation. DNA methylation analysis revealed 
specific CpG sites associated with SLFN5 expression. 
Functional enrichment analyses identified pathways 
associated with SLFN5 co-expression, including 
immune response and metabolic regulation. In silico 
drug sensitivity analysis revealed potential 
therapeutic drugs targeting SLFN5. These findings 
highlight SLFN5 as a promising biomarker and 
therapeutic target for further investigation in COAD. 

Supplementary Material 
Supplementary figures and table.  
https://www.medsci.org/v21p2348s1.pdf 

Acknowledgments 
The authors appreciate the professional English 

editing by Daniel P. Chamberlin from the Office of 
Research and Development at Taipei Medical 
University. The authors acknowledge the online 
platform for data analysis and visualization 
(http://www.bioinformatics.com.cn/). We thank the 
staff of the Office of Data Science, Taipei Medical 
University, Taiwan, for their technical support. The 
study was supported by grants from the National 
Science and Technology Council (NSTC) of Taiwan 



Int. J. Med. Sci. 2024, Vol. 21 

 
https://www.medsci.org 

2362 

(NSTC 112-2320-B-038-024 and 113-2320-B-393-001), 
and KAFGH_D_113011, KAFGH_D_113018, and 
KAFGH_D_113019 from Kaohsiung Armed Forces 
General Hospital. This work was financially 
supported by the Higher Education Sprout Project of 
the Ministry of Education (MOE) in Taiwan. 

Ethics approval and consent to participate 
The study was conducted in accordance with the 

Declaration of Helsinki, and was approved by the 
Institutional Review Board of Kaohsiung Armed 
Forces General Hospital (KAFGHIRB 111-041) for 
studies involving humans. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. 

Global cancer statistics 2022: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal 
for clinicians. 2024; 74: 229-63. 

2. Kumar A, Gautam V, Sandhu A, Rawat K, Sharma A, Saha L. Current 
and emerging therapeutic approaches for colorectal cancer: A 
comprehensive review. World J Gastrointest Surg. 2023; 15: 495-519. 

3. Vivarelli S, Falzone L, Candido S, Bonavida B, Libra M. YY1 Silencing 
Induces 5-Fluorouracil-Resistance and BCL2L15 Downregulation in 
Colorectal Cancer Cells: Diagnostic and Prognostic Relevance. Int J Mol 
Sci. 2021; 22: 8481. 

4. Vodenkova S, Buchler T, Cervena K, Veskrnova V, Vodicka P, 
Vymetalkova V. 5-fluorouracil and other fluoropyrimidines in colorectal 
cancer: Past, present and future. Pharmacology & Therapeutics. 2020; 
206: 107447. 

5. Sarkar S, Kiren S, Gmeiner WH. Review of Prodrug and Nanodelivery 
Strategies to Improve the Treatment of Colorectal Cancer with 
Fluoropyrimidine Drugs. Pharmaceutics. 2024; 16: 734. 

6. Yadav R, Bhawale R, Srivastava V, Pardhi E, Bhalerao HA, Sonti R, et al. 
Innovative Nanoparticulate Strategies in Colon Cancer Treatment: A 
Paradigm Shift. AAPS PharmSciTech. 2024; 25: 52. 

7. Gandini A, Puglisi S, Pirrone C, Martelli V, Catalano F, Nardin S, et al. 
The role of immunotherapy in microsatellites stable metastatic colorectal 
cancer: state of the art and future perspectives. Frontiers in oncology. 
2023; 13: 1161048. 

8. Leowattana W, Leowattana P, Leowattana T. Systemic treatment for 
metastatic colorectal cancer. World J Gastroenterol. 2023; 29: 1569-88. 

9. Falzone L, Bordonaro R, Libra M. SnapShot: Cancer chemotherapy. Cell. 
2023; 186: 1816-.e1. 

10. Motta R, Cabezas-Camarero S, Torres-Mattos C, Riquelme A, Calle A, 
Figueroa A, et al. Immunotherapy in microsatellite instability metastatic 
colorectal cancer: Current status and future perspectives. J Clin Transl 
Res. 2021; 7: 511-22. 

11. Shiravand Y, Khodadadi F, Kashani SMA, Hosseini-Fard SR, Hosseini S, 
Sadeghirad H, et al. Immune Checkpoint Inhibitors in Cancer Therapy. 
Curr Oncol. 2022; 29: 3044-60. 

12. Condamine T, Le Luduec J-B, Chiffoleau E, Bériou G, Louvet C, Heslan 
M, et al. Characterization of Schlafen-3 expression in effector and 
regulatory T cells. Journal of leukocyte biology. 2010; 87: 451-6. 

13. Puck A, Aigner R, Modak M, Cejka P, Blaas D, Stöckl J. Expression and 
regulation of Schlafen (SLFN) family members in primary human 
monocytes, monocyte-derived dendritic cells and T cells. Results in 
Immunology. 2015; 5: 23-32. 

14. Vomhof-DeKrey EE, Umthun J, Basson MD. Loss of Schlafen3 influences 
the expression levels of Schlafen family members in ileum, thymus, and 
spleen tissue. PeerJ. 2020; 8: e8461. 

15. Tu T, Yuan Y, Liu X, Liang X, Yang X, Yang Y. Progress in investigating 
the relationship between Schlafen5 genes and malignant tumors. 
Frontiers in oncology. 2023; 13: 1248825. 

16. Sohn WJ, Kim D, Lee KW, Kim MS, Kwon S, Lee Y, et al. Novel 
transcriptional regulation of the schlafen-2 gene in macrophages in 

response to TLR-triggered stimulation. Molecular immunology. 2007; 44: 
3273-82. 

17. Nogales V, Reinhold WC, Varma S, Martinez-Cardus A, Moutinho C, 
Moran S, et al. Epigenetic inactivation of the putative DNA/RNA 
helicase SLFN11 in human cancer confers resistance to platinum drugs. 
Oncotarget. 2016; 7: 3084-97. 

18. Center MM, Jemal A, Smith RA, Ward E. Worldwide variations in 
colorectal cancer. CA Cancer J Clin. 2009; 59: 366-78. 

19. Candido S, Tomasello BMR, Lavoro A, Falzone L, Gattuso G, Libra M. 
Novel Insights into Epigenetic Regulation of IL6 Pathway: In Silico 
Perspective on Inflammation and Cancer Relationship. Int J Mol Sci. 
2021; 22: 10172. 

20. Vivarelli S, Falzone L, Grillo CM, Bonavida B, Crimi C, La Mantia I, et al. 
Computational Analyses of YY1 and Its Target RKIP Reveal Their 
Diagnostic and Prognostic Roles in Lung Cancer. Cancers (Basel). 2022; 
14: 922. 

21. Lin JC, Liu TP, Yang PM. CDKN2A-Inactivated Pancreatic Ductal 
Adenocarcinoma Exhibits Therapeutic Sensitivity to Paclitaxel: A 
Bioinformatics Study. J Clin Med. 2020; 9: 4019. 

22. Lin TY, Wang PW, Huang CH, Yang PM, Pan TL. Characterizing the 
Relapse Potential in Different Luminal Subtypes of Breast Cancers with 
Functional Proteomics. Int J Mol Sci. 2020; 21: 6077. 

23. Liu LW, Hsieh YY, Yang PM. Bioinformatics Data Mining Repurposes 
the JAK2 (Janus Kinase 2) Inhibitor Fedratinib for Treating Pancreatic 
Ductal Adenocarcinoma by Reversing the KRAS (Kirsten Rat Sarcoma 2 
Viral Oncogene Homolog)-Driven Gene Signature. J Pers Med. 2020; 10: 
130. 

24. Anuraga G, Lang J, Xuan DTM, Ta HDK, Jiang JZ, Sun Z, et al. Integrated 
bioinformatics approaches to investigate alterations in transcriptomic 
profiles of monkeypox infected human cell line model. J Infect Public 
Health. 2024; 17: 60-9. 

25. Hafsi S, Candido S, Maestro R, Falzone L, Soua Z, Bonavida B, et al. 
Correlation between the overexpression of Yin Yang 1 and the 
expression levels of miRNAs in Burkitt's lymphoma: A computational 
study. Oncol Lett. 2016; 11: 1021-5. 

26. Lavoro A, Falzone L, Tomasello B, Conti GN, Libra M, Candido S. In 
silico analysis of the solute carrier (SLC) family in cancer indicates a link 
among DNA methylation, metabolic adaptation, drug response, and 
immune reactivity. Front Pharmacol. 2023; 14: 1191262. 

27. Dixit VD, Weeraratna AT, Yang H, Bertak D, Cooper-Jenkins A, Riggins 
GJ, et al. Ghrelin and the growth hormone secretagogue receptor 
constitute a novel autocrine pathway in astrocytoma motility. J Biol 
Chem. 2006; 281: 16681-90. 

28. Patel K, Dixit VD, Lee JH, Kim JW, Schaffer EM, Nguyen D, et al. 
Identification of ghrelin receptor blocker, D-[Lys3] GHRP-6 as a CXCR4 
receptor antagonist. Int J Biol Sci. 2012; 8: 108-17. 

29. Patel K, Dixit VD, Lee JH, Kim JW, Schaffer EM, Nguyen D, et al. The 
GHS-R blocker D-[Lys3] GHRP-6 serves as CCR5 chemokine receptor 
antagonist. Int J Med Sci. 2012; 9: 51-8. 

30. Chen YL, Lee KT, Wang CY, Shen CH, Chen SC, Chung WP, et al. Low 
expression of cytosolic NOTCH1 predicts poor prognosis of breast 
cancer patients. Am J Cancer Res. 2022; 12: 2084-101. 

31. Li CY, Anuraga G, Chang CP, Weng TY, Hsu HP, Ta HDK, et al. 
Repurposing nitric oxide donating drugs in cancer therapy through 
immune modulation. J Exp Clin Cancer Res. 2023; 42: 22. 

32. Hagerling C, Gonzalez H, Salari K, Wang CY, Lin C, Robles I, et al. 
Immune effector monocyte-neutrophil cooperation induced by the 
primary tumor prevents metastatic progression of breast cancer. Proc 
Natl Acad Sci U S A. 2019; 116: 21704-14. 

33. Lonsdale J, Thomas J, Salvatore M, Phillips R, Lo E, Shad S, et al. The 
genotype-tissue expression (GTEx) project. Nat Genet. 2013; 45: 580-5. 

34. Liu J, Lichtenberg T, Hoadley KA, Poisson LM, Lazar AJ, Cherniack AD, 
et al. An integrated TCGA pan-cancer clinical data resource to drive 
high-quality survival outcome analytics. Cell. 2018; 173: 400-16. e11. 

35. Reimand J, Arak T, Adler P, Kolberg L, Reisberg S, Peterson H, et al. g: 
Profiler—a web server for functional interpretation of gene lists (2016 
update). Nucleic Acids Res. 2016; 44: W83-W9. 

36. Akhmedov M, Martinelli A, Geiger R, Kwee I. Omics Playground: a 
comprehensive self-service platform for visualization, analytics and 
exploration of Big Omics Data. NAR genomics and bioinformatics. 2020; 
2: lqz019. 

37. Tang D, Chen M, Huang X, Zhang G, Zeng L, Zhang G, et al. SRplot: A 
free online platform for data visualization and graphing. PLoS One. 
2023; 18: e0294236. 

38. Xuan DTM, Yeh IJ, Wu CC, Su CY, Liu HL, Chiao CC, et al. Comparison 
of Transcriptomic Signatures between Monkeypox-Infected Monkey and 
Human Cell Lines. J Immunol Res. 2022; 2022: 3883822. 

39. Kao T-J, Wu C-C, Phan NN, Liu Y-H, Ta HDK, Anuraga G, et al. 
Prognoses and genomic analyses of proteasome 26S subunit, ATPase 



Int. J. Med. Sci. 2024, Vol. 21 

 
https://www.medsci.org 

2363 

(PSMC) family genes in clinical breast cancer. Aging (Albany NY). 2021; 
13: 17970-. 

40. Wang CY, Chiao CC, Phan NN, Li CY, Sun ZD, Jiang JZ, et al. Gene 
signatures and potential therapeutic targets of amino acid metabolism in 
estrogen receptor-positive breast cancer. Am J Cancer Res. 2020; 10: 
95-113. 

41. Hsieh YY, Du JL, Yang PM. Repositioning VU-0365114 as a novel 
microtubule-destabilizing agent for treating cancer and overcoming 
drug resistance. Mol Oncol. 2024; 18: 386-414. 

42. Lin JC, Liu TP, Chen YB, Yang PM. PF-429242 exhibits anticancer activity 
in hepatocellular carcinoma cells via FOXO1-dependent autophagic cell 
death and IGFBP1-dependent anti-survival signaling. Am J Cancer Res. 
2023; 13: 4125-44. 

43. Chandrashekar DS, Karthikeyan SK, Korla PK, Patel H, Shovon AR, 
Athar M, et al. UALCAN: An update to the integrated cancer data 
analysis platform. Neoplasia. 2022; 25: 18-27. 

44. Li A, Yang PM. Overexpression of miR-21-5p in colorectal cancer cells 
promotes self-assembly of E-cadherin-dependent multicellular tumor 
spheroids. Tissue Cell. 2020; 65: 101365. 

45. Lin JC, Liu TP, Chen YB, Huang TS, Chen TY, Yang PM. Inhibition of 
CDK9 exhibits anticancer activity in hepatocellular carcinoma cells via 
targeting ribonucleotide reductase. Toxicol Appl Pharmacol. 2023; 471: 
116568. 

46. Hsieh YY, Cheng YW, Wei PL, Yang PM. Repurposing of ingenol 
mebutate for treating human colorectal cancer by targeting S100 
calcium-binding protein A4 (S100A4). Toxicol Appl Pharmacol. 2022; 
449: 116134. 

47. Modhukur V, Iljasenko T, Metsalu T, Lokk K, Laisk-Podar T, Vilo J. 
MethSurv: a web tool to perform multivariable survival analysis using 
DNA methylation data. Epigenomics. 2018; 10: 277-88. 

48. Barretina J, Caponigro G, Stransky N, Venkatesan K, Margolin AA, Kim 
S, et al. The Cancer Cell Line Encyclopedia enables predictive modelling 
of anticancer drug sensitivity. Nature. 2012; 483: 603-7. 

49. Lin JC, Liu TP, Andriani V, Athoillah M, Wang CY, Yang PM. 
Bioinformatics Analysis Identifies Precision Treatment with Paclitaxel 
for Hepatocellular Carcinoma Patients Harboring Mutant TP53 or 
Wild-Type CTNNB1 Gene. J Pers Med. 2021; 11: 1199. 

50. Ko CC, Hsieh YY, Yang PM. Long Non-Coding RNA MIR31HG 
Promotes the Transforming Growth Factor β-Induced 
Epithelial-Mesenchymal Transition in Pancreatic Ductal 
Adenocarcinoma Cells. Int J Mol Sci. 2022; 23: 6559. 

51. Bartha Á, Győrffy B. TNMplot.com: A Web Tool for the Comparison of 
Gene Expression in Normal, Tumor and Metastatic Tissues. Int J Mol Sci. 
2021; 22: 2622. 

52. Wang C-Y, Chang Y-C, Kuo Y-L, Lee K-T, Chen P-S, Cheung CHA, et al. 
Mutation of the PTCH1 gene predicts recurrence of breast cancer. 
Scientific Reports. 2019; 9: 16359. 

53. Allaire J. RStudio: integrated development environment for R. Boston, 
MA. 2012; 770: 165-71. 

54. Hsu H-P, Wang C-Y, Hsieh P-Y, Fang J-H, Chen Y-L. Knockdown of 
serine/threonine-protein kinase 24 promotes tumorigenesis and 
myeloid-derived suppressor cell expansion in an orthotopic 
immunocompetent gastric cancer animal model. Journal of Cancer. 2020; 
11: 213. 

55. Srivastava P, Yadav VK, Chang TH, Su EC, Lawal B, Wu AT, et al. 
In-silico analysis of TMEM2 as a pancreatic adenocarcinoma and 
cancer-associated fibroblast biomarker, and functional characterization 
of NSC777201, for targeted drug development. Am J Cancer Res. 2024; 
14: 3010-35. 

56. Lukman HY, Kuo Y, Owolabi MS, Lawal B, Chen LC, Ajenifujah OT, et 
al. Evaluation of terpenes rich Hura crepitans extract on glucose 
regulation and diabetic complications in STZ-induced diabetic rats. 
Biomed Pharmacother. 2024; 179: 117308. 

57. Wu TH, Lin TY, Yang PM, Li WT, Yeh CT, Pan TL. Scutellaria baicalensis 
Induces Cell Apoptosis and Elicits Mesenchymal-Epithelial Transition to 
Alleviate Metastatic Hepatocellular Carcinoma via Modulating HSP90β. 
Int J Mol Sci. 2024; 25: 3073. 

58. Chan TS, Cheng LH, Hsu CC, Yang PM, Liao TY, Hsieh HY, et al. ASPM 
stabilizes the NOTCH intracellular domain 1 and promotes oncogenesis 
by blocking FBXW7 binding in hepatocellular carcinoma cells. Mol 
Oncol. 2024; 18: 562-79. 

59. Lawal B, Kuo YC, Onikanni SA, Chen YF, Abdulrasheed-Adeleke T, 
Fadaka AO, et al. Computational identification of novel signature of 
T2DM-induced nephropathy and therapeutic bioactive compounds from 
Azanza garckeana. Am J Transl Res. 2023; 15: 4504-20. 

60. Karlsson M, Zhang C, Méar L, Zhong W, Digre A, Katona B, et al. A 
single-cell type transcriptomics map of human tissues. Science advances. 
2021; 7: eabh2169. 

61. Uhlén M, Fagerberg L, Hallström BM, Lindskog C, Oksvold P, 
Mardinoglu A, et al. Proteomics. Tissue-based map of the human 
proteome. Science. 2015; 347: 1260419. 

62. Shih JW, Wu ATH, Mokgautsi N, Wei PL, Huang YJ. Preclinical 
Repurposing of Sitagliptin as a Drug Candidate for Colorectal Cancer by 
Targeting CD24/CTNNB1/SOX4-Centered Signaling Hub. Int J Mol Sci. 
2024; 25: 609. 

63. Khedkar HN, Chen LC, Kuo YC, Wu ATH, Huang HS. Multi-Omics 
Identification of Genetic Alterations in Head and Neck Squamous Cell 
Carcinoma and Therapeutic Efficacy of HNC018 as a Novel Multi-Target 
Agent for c-MET/STAT3/AKT Signaling Axis. Int J Mol Sci. 2023; 24: 
10247. 

64. Chen LC, Mokgautsi N, Kuo YC, Wu ATH, Huang HS. In Silico 
Evaluation of HN-N07 Small Molecule as an Inhibitor of Angiogenesis 
and Lymphangiogenesis Oncogenic Signatures in Non-Small Cell Lung 
Cancer. Biomedicines. 2023; 11: 2011. 

65. Lo HC, Hua WJ, Yeh H, Lin ZH, Huang LC, Ciou YR, et al. GMI, a 
Ganoderma microsporum protein, abolishes focal adhesion network to 
reduce cell migration and metastasis of lung cancer. Life Sci. 2023; 335: 
122255. 

66. Chinyama HA, Wei L, Mokgautsi N, Lawal B, Wu ATH, Huang HS. 
Identification of CDK1, PBK, and CHEK1 as an Oncogenic Signature in 
Glioblastoma: A Bioinformatics Approach to Repurpose Dapagliflozin as 
a Therapeutic Agent. Int J Mol Sci. 2023; 24: 16396. 

67. Liu CJ, Hu FF, Xie GY, Miao YR, Li XW, Zeng Y, et al. GSCA: an 
integrated platform for gene set cancer analysis at genomic, 
pharmacogenomic and immunogenomic levels. Brief Bioinform. 2023; 
24: bbac558. 

68. Mokgautsi N, Kuo Y-C, Chen C-H, Huang Y-J, Wu AT, Huang H-S. 
Multiomics Study of a Novel Naturally Derived Small Molecule, 
NSC772864, as a Potential Inhibitor of Proto-Oncogenes Regulating Cell 
Cycle Progression in Colorectal Cancer. Cells. 2023; 12: 340. 

69. Leung W-H, Shih J-W, Chen J-S, Mokgautsi N, Wei P-L, Huang Y-J. 
Preclinical identification of sulfasalazine’s therapeutic potential for 
suppressing colorectal cancer stemness and metastasis through targeting 
KRAS/MMP7/CD44 signaling. Biomedicines. 2022; 10: 377. 

70. Huang T-H, Mokgautsi N, Huang Y-J, Wu AT, Huang H-S. 
Comprehensive omics analysis of a novel small-molecule inhibitor of 
chemoresistant oncogenic signatures in colorectal cancer cell with 
antitumor effects. Cells. 2021; 10: 1970. 

71. Lawson DA, Bhakta NR, Kessenbrock K, Prummel KD, Yu Y, Takai K, et 
al. Single-cell analysis reveals a stem-cell program in human metastatic 
breast cancer cells. Nature. 2015; 526: 131-5. 

72. Depeille P, Henricks LM, van de Ven RA, Lemmens E, Wang CY, Matli 
M, et al. RasGRP1 opposes proliferative EGFR-SOS1-Ras signals and 
restricts intestinal epithelial cell growth. Nat Cell Biol. 2015; 17: 804-15. 

73. Weng TY, Huang SS, Yen MC, Lin CC, Chen YL, Lin CM, et al. A novel 
cancer therapeutic using thrombospondin 1 in dendritic cells. Mol Ther. 
2014; 22: 292-302. 

74. Veen T, Kanani A, Lea D, Søreide K. Clinical trials of neoadjuvant 
immune checkpoint inhibitors for early-stage operable colon and rectal 
cancer. Cancer Immunol Immunother. 2023; 72: 3135-47. 

75. Bedford L, Paine S, Sheppard PW, Mayer RJ, Roelofs J. Assembly, 
structure, and function of the 26S proteasome. Trends Cell Biol. 2010; 20: 
391-401. 

76. Kyu HH, Bachman VF, Alexander LT, Mumford JE, Afshin A, Estep K, et 
al. Physical activity and risk of breast cancer, colon cancer, diabetes, 
ischemic heart disease, and ischemic stroke events: systematic review 
and dose-response meta-analysis for the Global Burden of Disease Study 
2013. BMJ (Clinical research ed). 2016; 354: i3857. 

77. Wu Q, Du X, Cheng J, Qi X, Liu H, Lv X, et al. PECAM-1 drives 
β-catenin-mediated EndMT via internalization in colon cancer with 
diabetes mellitus. Cell Commun Signal. 2023; 21: 203. 

78. Fan YC, Fong YC, Kuo CT, Li CW, Chen WY, Lin JD, et al. 
Tumor-derived interleukin-1 receptor antagonist exhibits 
immunosuppressive functions and promotes pancreatic cancer. Cell 
Biosci. 2023; 13: 147. 

79. Tsai KK, Huang SS, Northey JJ, Liao WY, Hsu CC, Cheng LH, et al. 
Screening of organoids derived from patients with breast cancer 
implicates the repressor NCOR2 in cytotoxic stress response and 
antitumor immunity. Nat Cancer. 2022; 3: 734-52. 

80. Tseng PC, Chen CL, Lee KY, Feng PH, Wang YC, Satria RD, et al. 
Epithelial-to-mesenchymal transition hinders interferon-γ-dependent 
immunosurveillance in lung cancer cells. Cancer Lett. 2022; 539: 215712. 

81. Lin CF, Lin CM, Lee KY, Wu SY, Feng PH, Chen KY, et al. Escape from 
IFN-γ-dependent immunosurveillance in tumorigenesis. J Biomed Sci. 
2017; 24: 10. 



Int. J. Med. Sci. 2024, Vol. 21 

 
https://www.medsci.org 

2364 

82. Chen CL, Chiang TH, Tseng PC, Wang YC, Lin CF. Loss of PTEN causes 
SHP2 activation, making lung cancer cells unresponsive to IFN-γ. 
Biochem Biophys Res Commun. 2015; 466: 578-84. 

83. Li J, Wu C, Hu H, Qin G, Wu X, Bai F, et al. Remodeling of the immune 
and stromal cell compartment by PD-1 blockade in mismatch 
repair-deficient colorectal cancer. Cancer Cell. 2023; 41: 1152-69.e7. 

84. Lu Y, Li Y, Liu Q, Tian N, Du P, Zhu F, et al. 
MondoA-Thioredoxin-Interacting Protein Axis Maintains Regulatory 
T-Cell Identity and Function in Colorectal Cancer Microenvironment. 
Gastroenterology. 2021; 161: 575-91.e16. 

85. Ye PH, Li CY, Cheng HY, Anuraga G, Wang CY, Chen FW, et al. A novel 
combination therapy of arginine deiminase and an arginase inhibitor 
targeting arginine metabolism in the tumor and immune 
microenvironment. Am J Cancer Res. 2023; 13: 1952-69. 

86. Szeponik L, Ahlmanner F, Sundström P, Rodin W, Gustavsson B, Bexe 
Lindskog E, et al. Intratumoral regulatory T cells from colon cancer 
patients comprise several activated effector populations. BMC Immunol. 
2021; 22: 58. 

87. Miragaia RJ, Gomes T, Chomka A, Jardine L, Riedel A, Hegazy AN, et al. 
Single-Cell Transcriptomics of Regulatory T Cells Reveals Trajectories of 
Tissue Adaptation. Immunity. 2019; 50: 493-504.e7. 

88. Erdman SE, Poutahidis T. Roles for inflammation and regulatory T cells 
in colon cancer. Toxicol Pathol. 2010; 38: 76-87. 

 


