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Abstract: 

     Background: Cholangiocarcinoma is one of the rare and fatal cancers, early 

diagnosis is important and essential in treatment. Bearing in mind that alternative 

splicing has a major role and is mentioned in many researches related to cancer. 

Studying alternative splicing patterns and comparing them between healthy and tumoral 

samples may have a major role in finding new biomarkers for the diagnosis and 

prediction of cholangiocarcinoma before reaching advanced stages of cancer. 

     Aim of the study: This study was conducted to examine the impact of alternative 

splicing on cholangiocarcinoma. It aimed to analyze the differences in splicing patterns 

between tumoral and normal samples using bioinformatics-based alternative splicing 

detection tools. Furthermore, the study aimed to discover new biomarkers and 

investigate genetic modification techniques. 

     Tools and Methods: A series of analyses were conducted using Psichomics R 

package to explore downregulated and upregulated genes associated with CHOL. To 

gain further insights, we performed GO enrichment analysis (including Molecular 

Function, Biological Process, and Cellular Component) and KEGG pathway 

enrichment analysis using the ShinyGO 0.76 tool. We also used the STRING software 

to construct a network and exported it to Cytoscape for further exploration and gene 

clustering.  Afterwards basic information related to the main genes cluster were checked 

and retrieved from AScancer atlas. Finally, we performed targeted genome editing using 

CRISPOR tool 

     Results: we identified 283 events that were differentially spliced between tumoral 

and normal samples, by networking the resulted genes we found the main cluster of 

genes identified in the network including 10 genes. These genes were found to be 

enriched in biological processes directly associated with alternative splicing. Although 

these genes have been reported to be involved in other conditions such as relapsing-

remitting multiple sclerosis, Myotonic dystrophy type 2, Localized scleroderma, 

Liposarcoma, and Sjogren's syndrome, their association with cholangiocarcinoma had 

not been previously reported. Therefore, these genes may open up new avenues for 

research in the context of cholangiocarcinoma . 

     By analyzing the differential splicing and PSI distributions of 10 AS events across 

tumoral and normal samples we found that 6 events were upregulated in tumoral 

samples, while 4 events were downregulated compared to normal samples. 

Additionally, Kaplan-Meier survival analysis revealed that two alternative splicing 

events (TIAL1 and SNRNP70) did not have a significant p-value and therefore cannot 

be used as tumor biomarkers for cholangiocarcinoma. However, the other alternative 

splicing events showed a significant p-value and may serve as novel biomarkers with 

high prognostic value. Finally, by using CRISPOR web tool we were able to design 

gRNA for the AS event on EIF4A2 gene (one of the genes that has significant AS event 

correlated with CHOL patients) with the suitable PAM and restriction enzymes in order 

to make targeted genome editing. 

     In conclusion, the results improve our understanding of the association between AS 

events and CHOL and might be a starting point for further research to confirm the 

importance of the splicing events studied in this research in CHOL and to identify new 

prognosis biomarkers.
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1. Introduction 

     Cholangiocarcinoma is a type of cancer that forms in the bile ducts, 

which are a series of tubes that transport bile from the liver and gallbladder 

to the small intestine. This cancer can occur in different parts of the bile 

ducts, and it is classified into three main types based on its location: 

intrahepatic (within the liver), perihilar (at the junction where the bile ducts 

leave the liver), and distal (further down the bile ducts closer to the small 

intestine). Although cholangiocarcinoma is rare, its global incidence has 

been increasing in recent decades. [1, 2]  

CHOL is asymptomatic in the early stages, which leads to a delay in 

diagnosis until the disease reaches advanced stages. The 5-year survival 

rate for patients with cholangiocarcinoma is estimated to be 7-20%, and 

the recurrence rates of tumors after surgical removal are high. [3] 

For these reasons, there is an urgent need to find new biomarkers for the 

diagnosis and prediction of cholangiocarcinoma before reaching advanced 

stages of cancer . 

     Most genes in eukaryotes contain sequences called introns that located 

between the exons which are considered the expressed sequences. After 

transcription, the pre-mRNA from any multi-exon gene has to undergo 

extensive processing to remove the introns, in order for the expressed 

transcript (pre-mRNA) to become a suitable message for downstream 

processes such as translation of the encoded protein.[4]  

     The process of removing introns from pre-mRNAs and connecting the 

remaining exons to each other to produce mature mRNA is called splicing, 

while the different combination of exons in the mRNA producing 

diversified mature mRNA is called alternative splicing (AS) , so AS is a 

posttranscriptional process occurs in about 90% of all genes in eukaryotes 
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by which identical pre-mRNA molecules are spliced in different ways so it 

is the main source of protein diversity and complexity in >90% of human 

genes. [5, 6] 

     The process is carried out by a special molecule called the spliceosome, 

which identifies the junction between introns and exons. To differentiate 

introns from exonic sequences, the spliceosome typically follows the "GU-

AG" rule using four specific consensus sequences: The 5′splice-site (SS) 

characterized by a GU dinucleotide at the 5′ end of the intron, the 3′ SS 

with AG at the 3′ end of the intron, the branch point sequence (BPS) located 

upstream of the 3′SS, and the polypyrimidine tract located between the 

BPS and the 3′ SS.[7] 

     There are five main forms of alternative splicing, including: ES exon 

skipping (also called cassette exon), IR intron retention, MXE mutually 

exclusive exons (only some exons appear in mature mRNA), A5SS (the 

change of the splicing site causes the position of the 3′ end of the exon to 

change) and A3SS (the change of the splicing site causes the position of 

the 5′ end of the exon to change). [8] 

 

Fig (1) The main types of alternative splicing 
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     All data to date indicate that alternative splicing is a well-designed 

process tightly regulated to produce a network of alternatively spliced 

transcripts. While normal alternative splicing generates diverse and 

multifunctional proteins, it has been shown in several previous studies that 

alterations in AS affect basic biological processes and many pathological 

conditions, and it has been shown that aberrant AS can contribute to both 

the original and emerging hallmarks of cancer. [9, 10] 

     Furthermore, in the past two decades many studies have shown that 

splicing changes dramatically in disease states, especially tumors due to 

somatic mutations in components of the human splicing machinery. Cancer 

cells are characterized by their long-life span and their ability to divide 

greatly. In general, some tumor suppressor genes prevent normal cells from 

becoming cancerous by acting on the cell cycle and promoting epigenetic 

changes; It is therefore common for cancer cells to exhibit aberrant splicing 

activity with an increased frequency of splicing isoforms that maintain the 

abnormal rhythm of proliferation and apoptosis. [4, 8] 

     High-throughput sequencing of short cDNA fragments, also known as 

RNA-seq, is a method used to study and analyze alternative splicing and 

other post-transcriptional processes. By analyzing RNA-seq reads, 

researchers can identify the usage of known or unknown splice sites and 

determine the expression level of exons.  

     Split alignments can never cover the constitutive exons, whereas 

alternative exonic parts are located within highly expressed splicing 

junctions. The ratio of the relative abundance of all isoforms containing a 

certain exon over the relative abundance of all isoforms of the gene 

containing the exon, AKA percent spliced in (PSI) is a popular statistic that 

have been widely used in differential expression analysis as it indicates 

how efficiently sequences of interest are spliced into transcripts. [11, 12] 
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2. Research problem 

     The question that defines the research problem is:  

Is there a role for alternative splicing in the emergence and progression of 

cholangiocarcinoma ? 

 

3. Research hypothesis 

     To answer the question that defines the research problem we 

hypothesize that alternative splicing has a role in cholangiocarcinoma 

development and progression. 

 

4. Aim of the study 

     This study was conducted to examine the impact of alternative splicing 

on cholangiocarcinoma. It aimed to analyze the differences in splicing 

patterns between tumoral and normal samples using bioinformatics-based 

alternative splicing detection tools. Furthermore, the study aimed to 

discover new biomarkers and investigate genetic modification techniques. 

 

5. Literature Review: 

     The role of aberrant alternative splicing in cholangiocarcinoma has been 

studied to understand its impact on the development and progression of this 

cancer. Aberrant alternative splicing events have been found to contribute 

to the dysregulation of various cellular processes involved in 

cholangiocarcinoma, including cell proliferation, apoptosis, invasion, and 

metastasis . 
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     Several studies have identified specific genes and splicing factors that 

are involved in aberrant alternative splicing in cholangiocarcinoma, 

however the methodology of each research differed according to the nature 

of the study. Some of the studies were literature reviews and relied on 

summarizing the theoretical aspect of important genes in order to clarify 

the current understanding of the impact of AS on CHOL. For example, the 

study conducted by Yosudjai et al [13] and the study conducted by Marin 

et al [14] listed a set of genes involved in cholangiocarcinoma, their 

splicing variants, and their consequences . 

Table 1 provides a summary of 9 genes and their splicing variants from the 

study conducted by Yosudjai et al. It includes information on the gene, 

splicing variant, and its function 

Table 2 in the paragraph summarizes 8 genes, their splicing variants, and 

their consequences from the study conducted by Marin et al. It provides 

information on the gene, splicing variant, and its consequence. For 

instance, CD44 with exon 6 skipping is associated with decreased overall 

survival, and AGR2 with several combinations of exons 2 to 7 skipping 

affects cancer cell survival and migration. 

 

Table 1: Summary of 9 genes and their splicing variants in Yosudjai. J et 

al study 

 

Gene Splicing variant Function 

CD44 Retained exon v6 Proliferation 

WISP1 Skipping exon 3 Neural and lymphatic invasion 

NEK2B Skipping exon 8 Unknown 



6 
 

TFF2 Skipping exon 2 Independent prognostic marker 

FOXP3 Skipping exon 3 Unknown 

P53 Exon 1-4 skipping Independent prognostic marker 

PKM2 Mutually exclusive exon; exon 9 

skipping and exon 10 retention 

Neural invasion 

EP3-4 Exon 2b,3,4,6 and 8 skipping Proliferation migration and 

invasion 

AGR2vH Alternative 3' and 5' splice site and 

exon 4-7 skipping 

Migration, invasion and 

adhesion 

 

 

Table 2: Summary of 8 genes, their splicing variants and its consequences in 

Marin, J.J.G et al study 

Gene Splicing variant Consequence 

CD44 Exon 6 skipping Decreased OS 

AGR2 Several combinations of exons 2 to 7 

skipping 

Affect cancer cell survival and 

migration 

BAP1 Multiple SV lacking exon 14-17 Promote tumorigenesis 

TFF2 Skipping exon 2 Increased OS 

FOXP3 Skipping exon 2-4 Immune suppression 

EP3-4 Contains exon 1,2a,5 and 10 Enhanced cell proliferation, 

migration and invasion 

PKM2 Mutually exclusive exon; exon 9 

skipping and exon 10 retention 

Decreased OS, Enhanced risk 

of metastasis 

WISP1 Exon 3 skipping Decreased OS, Induction of 

invasion 
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     Some other researches took the direction of clinical (in-vitro) studies, 

which involved studying cell lines and comparing alternative splicing 

events in certain genes between healthy subjects and cholangiocarcinoma 

patients. An example is the study conducted by Herraez et al [15], which 

investigated the expression of aberrant OCT1 variants in hepatocellular 

carcinoma and cholangiocarcinoma. They evaluated the potential impact 

of these variants on the sensitivity of tumors to sorafenib by sequencing 

DNA samples from surgically removed tumors. 

     In addition, computational (in-silico) studies were conducted by 

researchers like Lin et al [3] and Wu et al [16]. Lin et al used bioinformatics 

tools to develop prognostic signatures for overall survival in 

cholangiocarcinoma patients based on cancer pathway-related alternative 

splicing events. Wu et al relied on bioinformatics tools to construct a model 

for predicting cholangiocarcinoma prognosis based on alternative splicing 

events. 
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6. Tools and data collection 

     Several tools are currently available to analyze alternative splicing data, 

we reviewed multiple tools and found that many of them have certain 

shortcomings. These include: 

1. Some tools require expensive computational resources that take BAM 

or FastQ files as input (e.g., SplAdder [17] an alternative splicing 

toolbox, that takes RNA-Seq alignments and an annotation file as input) 

2. Certain tools have a limited set of statistical options for differential 

splicing analysis (e.g., TCGA SpliceSeq [18]: A tool for investigating 

alternative mRNA splicing in TCGA tumor and adjacent normal 

samples, it contains various statistical summaries, but the user cannot 

perform different statistical tests that serve different purposes for 

research and analysis) 

3. Some tools lack a user-friendly interactive graphical interface (e.g., 

SUPPA [19] a tool to study splicing at the transcript isoform or at the 

local alternative splicing event level has been developed in Python, the 

user must be familiar with Python and requires direct involvement in 

every step of the analysis). 

     In order to avoid these drawbacks, we used Psichomics [20]. An 

interactive R package with an intuitive Shiny-based graphical interface for 

alternative splicing quantification and integrative analyses based on The 

Cancer Genome Atlas (TCGA) [21], the Genotype-Tissue Expression 

project (GTEx) [22] and Sequence Read Archive (SRA) [23]. 

However, it should be noted that Psichomics only detects exon skipping 

events and has this as its main limitation. 
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The package is available in Bioconductor at 

(http://bioconductor.org/packages/psichomics) [24] 

psichomics uses PSI values to quantify AS, as shown in figure 2. 

 

Fig (2): PSI calculation method in Psichomics; each AS event is quantified based 

on the ratio of the number of reads that contain a given alternative splicing 

sequence (in orange) to the total number of reads that contain and do not contain 

that sequence (in blue). 

 

We utilized multiple tools for further analysis, including: 

ShinyGO 0.76 [25] 

     This graphical tool serves as a large annotation and pathway database 

compiled from various sources for gene enrichment analysis. It is 

developed based on several R packages and provides access to KEGG and 

STRING for pathway diagrams and protein-protein interaction network 

retrieval. 

 

STRING [26] 

     It is a database that contains known protein-protein interactions, 

including direct physical and indirect functional associations, as well as 

predicted interactions based on computational prediction and knowledge 

http://bioconductor.org/packages/psichomics
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transfer between organisms. Users can explore networks of their set of 

genes of interest and export them to Cytoscape for further analysis. 

 

Cytoscape [27] 

     This open-source software platform is used for visualizing molecular 

interaction networks and biological pathways. It offers various tools and 

sub-programs to integrate networks with annotations, gene expression 

profiles, and other state data. 

 

ASCancer Atlas [28] 

     Alternative Splicing in human Cancers Atlas is a comprehensive 

knowledgebase of alternative splicing in human cancer, houses about 2 

million Computationally Putative Splicing Events (CPSE), covering 33 

TCGA cancer types and 31 GTEx normal tissues and A total of 2,006 high-

confidence Cancer Associated Splicing Events (CASE) with established 

oncogenic roles summarized from extensive functional studies. It has 

several toolkits that allow the user to explore, visualize and analyze AS 

events associated with different types of cancer. 

 

CRISPOR [29] 

     This web tool is specifically designed for genome editing experiments 

using the CRISPR-Cas9 system. It identifies guide RNAs in an input 

sequence and ranks them based on different scores that evaluate potential 

off-targets in the genome of interest and predict on-target activity. 
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7. Workflow for alternative splicing analysis: 

 

The flowchart in figure 3 summarize the workflow: 

 

Fig (3): Flowchart of the methods workflow 

 

7.1. Identifying significantly deferentially spliced events 

First of all, we obtained cholangiocarcinoma data from The Cancer 

Genome Atlas TCGA Database and conducted an initial analysis to 

determine the number of splicing events and the most common types of 

alternative splicing (AS). Subsequently, we utilized the Psichomics R 

package to perform several steps including: 
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7.1.1 Exon-exon junction quantification, gene expression and sample-

associated data retrieval 

Junction quantification, gene expression quantifications (obtained from 

pre-processed RNA-seq data), clinical and sample metadata for 

cholangiocarcinoma were loaded from TCGA database. 

 

7.1.2 Gene expression pre-processing 

      Gene expression quantifications was normalized by raw library size 

scaling which is one of the three types of normalization. The other two 

methods are normalization by gene length and normalization by known or 

unknown technical artifacts across samples. Library size, which refers to 

the total number of reads generated for a specific sample, can vary due to 

various factors such as differences in gene expression levels.  

     The purpose of library size normalization is to make the library sizes 

comparable by scaling the raw read counts in each sample using a single 

sample-specific factor that reflects its library size. This process aims to 

ensure that the gene expression measurements are adjusted for differences 

in library sizes among samples. [30] 

 

7.1.3 Alternative splicing annotation and quantification 

Sequencing of DNA produces sequences of unknown function identifying 

functional elements along the sequence of a genome is called genome 

annotation [31], the hg19 and hg38 annotation of alternative splicing 

events are available in psichomics.  
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Quantification of AS events is based on PSI index which is calculated 

differently for each type of alternative splicing, as depicted in figure 4. 

 

Fig (4): PSI calculation method for each AS type. 

     To be more specific, we excluded alternative splicing events that fell 

below a certain threshold in order to avoid inaccurate quantifications that 

are based on insufficient evidence. 

7.1.4 Data grouping 

     Psichomics enables the grouping of subjects and their samples or genes 

and their alternative splicing events based on phenotypic and clinical 

characteristics. We categorized the data into six groups (as shown in figure 

5) based on the clinical condition. The colors assigned to each group will 

be utilized to represent those same groups in the plots. 

Fig (5): The groups of patients 
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7.1.5 Dimensionality reduction 

     Dimensionality reduction is a technique used to simplify high-

dimensional data by preserving important characteristics. There are various 

techniques for dimensionality reduction, and in this case, we utilized 

Principal Component Analysis (PCA) [32].  

     PCA identifies the combinations of variables that contribute the most to 

the variance in the data. We implemented PCA using the singular value 

decomposition (SVD) algorithm provided by the prcomp function from the 

R package stats (version 3.4.1). We applied PCA to the inclusion levels of 

all genes and splicing events in all samples, considering a tolerance of 5% 

for missing values per event. Additionally, we performed PCA on gene 

expression using both tumoral and normal samples. 

 

7.1.6 Filtering alternative splicing events: 

     We conducted a Wilcoxon rank test to identify splicing events that were 

significantly differentially spliced. Subsequently, we filtered the splicing 

events by considering a substantial difference in median between the 

selected groups (Tumor and Normal).  

Specifically, we only counted the events with an absolute difference in 

median PSI (Δ Median PSI) greater than 0.1 and a Wilcoxon q-value less 

than or equal to 0.01. 

 

7.2. KEGG pathway and Gene Ontology enrichment analysis 

     The Gene Ontology (GO) is a widely used ontology that specifies the 

participation of human and model organism genes in Molecular Function 

(MF), Biological Process (BP), and Cellular Component (CC). It provides 
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insights into the biological significance of genes within a specific gene set 

of interest [33]. KEGG mapping is the process of mapping molecular 

objects (genes, proteins, small molecules, etc.) to molecular 

interaction/reaction/relation networks [34].  

     In this study, we utilized ShinyGO 0.76 [35] to perform Gene Ontology 

(GO) and Kyoto Gene and Genome Encyclopedia (KEGG) enrichment 

analysis on the set of genes generated from the previous process. 

 

7.3. Visual exploration of interactive networks  

     We utilized the STRING online database [36] to investigate significant 

interactions among the genes of interest. Subsequently, the network was 

exported to Cytoscape for further exploration of interactive networks and 

clustering of the genes to identify the main gene cluster. 

 

7.4. Differential Splicing and Survival Analysis 

     Back to Psichomics density plots for every AS event was performed to 

check whether a significant difference in inclusion (PSI) between tumor 

and normal TCGA samples for AS events of each gene of the main cluster. 

To evaluate the prognostic value of a given alternative splicing event, 

survival analysis was performed on groups of patients separated based on 

a given alternative splicing quantification (i.e., PSI) cut-off.  

Kaplan-Meier estimators (and illustrating curves) and proportional hazard 

(PH) models have been applied to groups of patients with survival 

distributions being compared using the log-rank test.  
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7.5. Screening for the significant AS events in ASCancer 

     As previously mentioned, ASCancer Atlas provides various toolkits that 

enable us to explore, visualize, and analyze alternative splicing (AS) 

events. We compiled essential information about each gene in the main 

gene cluster and identified the splicing model of the AS event in protein-

coding transcripts. Additionally, we compared the PSI value and 

expression value for each significant splicing event in CHOL TCGA 

samples. 

 

7.6. Targeted genome editing using CRISPR  

     CRISPR-Cas9, also known as clustered regularly interspaced short 

palindromic repeats and CRISPR-associated system 9, is a naturally 

occurring genome editing system used by bacteria as a defense mechanism 

against viral infections. When bacteria are infected by viruses, short DNA 

sequences from the viruses are integrated into CRISPR loci within the 

bacterial genome. These sequences act as a "memory" of previous 

infections, allowing the bacteria to recognize and defend against the 

viruses in the future.  

     If the viruses attack again, the bacteria produce RNA segments from the 

CRISPR arrays to search for a matching sequence. This triggers the 

CRISPR-associated (Cas) nuclease to create a double-strand break at 

specific "foreign" DNA sequences."      

     Researchers adapted modified this immune defense system to edit DNA 

by designing a small RNA molecule that contains a short "guide" sequence. 

This guide RNA is capable of binding to a specific target sequence in the 

DNA of a cell. Additionally, the guide RNA also binds to the Cas9 enzyme. 

When introduced into cells, the guide RNA identifies the desired DNA 
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sequence, and the Cas9 enzyme cuts the DNA at the designated location. 

This process allows for gene editing by removing, adding, or modifying 

sections of the DNA sequence [37, 38]. 

     In the context of targeting oncogenic alternative splicing events, 

CRISPR-Cas9 can be used to specifically edit the DNA sequences that are 

responsible for aberrant alternative splicing in cancer cells. By targeting 

and modifying these sequences, researchers can potentially correct the 

abnormal splicing patterns and restore normal gene expression. 

     We utilized the CRISPOR [39] web tool to identify specific guide RNAs 

for the significant alternative splicing (AS) event in the EIF4A2 gene. 

 

 

 

 

 

 

 

 

 

 

 



18 
 

8. Results and data analysis: 

8.1. significant deferentially spliced events involved in CHOL: 

     Through the analysis of the CHOL TCGA dataset, we identified a 

total of 38,804 alternative splicing (AS) events in 9,673 genes. Among 

these events, exon skipping was the most common AS event, as 

depicted in figure (6).  

Consequently, we utilized Psichomics to quantify all skipped exon 

events, as this tool specifically detects exon skipping events.

 

Fig (6): Distribution of AS types across cases in CHOL TCGA dataset 

 

 

8.1.1 Data retrieval 

     The clinical data comprised 44 patients, consisting of 25 females and 

19 males. All relevant clinical information, such as age, height, race, 

ethnicity, vital status, medical history, risk factors, age at initial pathologic 

diagnosis, and tumor stage (as shown in figure 7), was retrieved from 

TCGA database. 
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Fig (7): Distribution of tumor stages across cases in CHOL TCGA dataset 

 

     The junction quantification data revealed the presence of 249,567 splice 

junctions in the 45 patient samples. Additionally, gene expression analysis 

detected 20,531 genes. The distribution of library sizes across the samples 

is depicted in figure (8). 

Fig (8): The library size distribution across samples 
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8.1.2 Gene expression pre-processing 

     Following the filtration and normalization of gene expression, we 

obtained a total of 14,036 genes. The distribution of these genes per sample 

is depicted in figure 9. Additionally, the distribution of the library sizes 

across the samples is illustrated in figure 10.

 

showing Distribution of genes across samples t: boxplo)9( Fig 

 

  

Fig (10): The library distribution across samples after normalization 
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8.1.3 Alternative splicing quantification 

     Quantifying alternative splicing was performed by selecting the 

junction quantification dataset from the loaded data and choosing Human 

hg19 as the alternative splicing event annotation. We chose Skipped exon 

(SE), Mutually exclusive exon (MXE), Alternative 5’ splice site 

(A5SS), Alternative 3’ splice site (A3SS), Alternative first exon 

(AFE) and Alternative last exon (ALE) as the event types of interest and 

set the minimum read counts’ threshold to 10. Inclusion levels calculated 

with total read counts below this threshold are discarded from further 

analyses. 

     We identified a total of 30,196 alternative splicing events, each with a 

PSI value. Scatter plots illustrating the AS quantification per event can be 

found in figures 11A and 11B. 

 

 

Fig (11A+ 11B) Scatter plots of AS quantification per event 
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8.1.4 Dimensionality reduction 

      After conducting PCA on Inclusion levels, we obtained 7,032 splice 

events. Subsequently, two PCA plots were generated. The initial plot, 

referred to as figure 12A, is a score plot illustrating the clinical samples. 

On the other hand, the second plot, known as the loadings plot (figure 12B), 

showcases the variables, specifically the alternative splicing events.

 

Fig (12A): score plot of PCA scores for the clinical samples 

 

Fig (12B): loadings plot depicts the projection of splicing events on the two first 

principal components, with selected events labelled with their cognate gene 

symbol. The bubble size represents the relative contribution of each alternative 

splicing event to the selected principal components. 
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     Then when we performed PCA for gene expression using Tumor and 

Normal samples we obtained 14,036 genes, also, two PCA plots are then 

generated. The first plot (figure13A) is a score plot that shows the clinical 

samples, while the second plot (figure 13B) displays the variables (in this 

case, gene expression)  

 

Fig (13A) score plot of PCA scores for the clinical samples 

 

 

Fig (13B) loadings plot depicts the projection of gene expression on the 

two first principal components. 
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8.1.5 Filtering alternative splicing events: 

     Analyses deemed 283 events to be differentially spliced between tumor 

stage I and normal samples (with |Δ Median PSI| > 0.1 and Wilcoxon q-

value ≤ 0.01) as shown in figure (14).  

 

Fig (14): Volcano plot of differential splicing analysis performed between tumor 

stage I and normal samples using the Wilcoxon rank-sum test. Significantly 

differentially spliced events (|Δ median PSI| ≥ 0.1 and Wilcoxon rank-sum test 

with Benjamini–Hochberg (FDR) adjustment ≤ 0.01) are highlighted in orange 

(283 events). 

 

8.2. KEGG pathway enrichment analysis and GO gene enrichment 

analysis: 

     The results of the GO Biological Process enrichment analysis showed 

that the genes associated with OS-related AS events were involved in 

various processes, including Peroxisome fission, Hepatocyte proliferation, 

Epithelial cell proliferation involved in Liver morphogenesis, 
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Mitochondrial fission, Liver development, and Hepatobiliary system 

development (Figure 15A+ 15B).  

     The GO Molecular Function analysis indicated that the genes with OS-

related AS events were mainly associated with functions such as Vascular 

endothelial growth factor receptor 1 binding, L-ascorbic acid binding, 

Cadherin binding, Carboxylic acid binding, Heparin binding, Sulfur 

compound binding, and Cell adhesion molecule binding (Figure 16).  

     In terms of GO Cellular Component analysis, the genes with OS-related 

AS events were primarily categorized in Cytoplasmic stress granule, Cell 

cortex, Organelle sub compartment, Organelle envelope, Envelope, and 

Mitochondrion (Figure 17).  

     Furthermore, the KEGG pathway enrichment analysis revealed that the 

genes corresponding to these AS events were primarily enriched in 

Galactose metabolism, Regulation of lipolysis in adipocytes, VEGF 

signaling pathway, and PPAR signaling pathway (Figure 18). 

Fig (15A): Dot plot of GO Biological Process enrichment analysis of genes whose 

events are significantly differentially spliced between normal and tumoral 

samples 
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Fig (15B): A network of GO(BP) pathways of genes whose events are 

significantly differentially spliced between normal and tumoral samples. Two 

pathways (nodes) are connected if they share 20% or more genes. Darker nodes 

are more significantly enriched gene sets. Bigger nodes represent larger gene 

sets. Thicker edges represent more overlapped genes. 

Fig (16): Dot plot of GO Molecular Function analysis of genes whose events are 

significantly differentially spliced between normal and tumoral samples 
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Fig (17): Dot plot of GO Cellular Component analysis of genes whose events are 

significantly differentially spliced between normal and tumoral samples 

Fig (18): Dot plot of KEGG pathway enrichment analysis of genes whose events 

are significantly differentially spliced between normal and tumoral samples. 

 



28 
 

The distribution of events among genome is illustrated in figure (19): 

 

Fig (19): distribution of genes whose events are significantly differentially spliced 

between normal and tumoral samples among genome. 

 

8.3. Interactive network of genes of interest 

     The network depicted in figure 20, which was created using STRING 

software, consists of 209 nodes and 249 edges. The average node degree is 

2.38, and the average local clustering coefficient is 0.36PPI. Additionally, 

the enrichment p-value is 6.36e-08. This enrichment suggests that the 

proteins in the network are connected as a group, as they exhibit more 

interactions among themselves than would be anticipated in a random set 

of proteins with a similar size and degree distribution derived from the 

genome. 
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Fig (20): A network of interaction between genes whose events are significantly 

differentially spliced between normal and tumoral samples, generated in 

STRING 

After exporting the network to Cytoscape, the MCODE function was 

utilized to identify significant clusters. The MCODE function employed a 

degree cutoff of 2, a node score cutoff of 0.2, a k score of 100, and a max 

depth of 100. The first and most crucial cluster comprises 10 nodes and 27 

edges. The genes within this cluster are highlighted in yellow and can be 

found at the center of figure 21. 
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Fig (21): The main cluster of the genes network is highlighted in yellow 

generated via Cytoscape. 
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     GO Biological Process enrichment analysis demonstrated that the genes 

in the cluster mainly corresponded to Negative regulation of mRNA 

splicing via spliceosome, Regulation of mRNA splicing via spliceosome, 

Regulation of mRNA processing, Regulation of RNA splicing, mRNA 

export from nucleus, mRNA-containing ribonucleoprotein complex export 

from nucleus, Ribonucleoprotein complex localization and mRNA 

transport.( Figure 22A+ 22B) 

 

 

Fig (22A): Dot plot of GO Biological Process enrichment analysis of the gene 

cluster. 

http://amigo.geneontology.org/amigo/term/GO:0048025
http://amigo.geneontology.org/amigo/term/GO:0048025
http://amigo.geneontology.org/amigo/term/GO:0048024
http://amigo.geneontology.org/amigo/term/GO:0050684
http://amigo.geneontology.org/amigo/term/GO:0043484
http://amigo.geneontology.org/amigo/term/GO:0006406
http://amigo.geneontology.org/amigo/term/GO:0006406
http://amigo.geneontology.org/amigo/term/GO:0071427
http://amigo.geneontology.org/amigo/term/GO:0071427
http://amigo.geneontology.org/amigo/term/GO:0071166
http://amigo.geneontology.org/amigo/term/GO:0051028
http://amigo.geneontology.org/amigo/term/GO:0051028
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Fig (22B): A network of GO(BP) pathways of the gene cluster. 

     Through ShinyGO 0.76 access to STRING-db, we also retrieve a 

protein-protein interaction (PPI) network (figure 23) of the gene cluster 

that indicated there were 33 interactions between the genes with p value 

8.09e-13. 

 

Fig (23): protein-protein interaction (PPI) network of the gene cluster 
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     According to Jensen disease enrichment analysis, these genes were 

primarily found to be associated with relapsing-remitting multiple 

sclerosis, Myotonic dystrophy type 2, Localized scleroderma, 

Liposarcoma, and Sjogren's syndrome. This information is depicted in 

figure (24). 

 

 

Fig (24): Bar graph of Jensen disease enrichment analysis of the gene cluster. 
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8.4. Differential Splicing and Survival Analysis 

The inclusion levels of the 10 genes (table 3) were analyzed using 

Psichomics to determine if there was a significant difference in their 

splicing between normal and tumor TCGA CHOL samples. 

 

Table 3: Differentially AS events of the genes cluster and their genomic 

coordinates 

 

 

PSI distributions in tumor stage I and normal samples are depicted in the 

density plots in table 4: 

  

Gene Event type Chromosome Strand genomic coordinates 

UPF1 Alternative 5' splice site 

(A5SS) 

19 + 18963880 _18964061 

U2AF2 Alternative 5' splice site 

(A5SS) 

19 + 56180535 _56180810 

TIAL1 Skipped exon (SE) 10 - 121341434_121339588 

SRSF10 Alternative last exon 

(ALE) 

1 - 24298063 _24294213 

SNRNP70 Skipped exon (SE) 19 + 49604728 _49607891 

RUVBL1 Alternative first exon 

(AFE) 

3 - 127838257_127842427 

POLDIP3 Skipped exon (SE) 22 - 42995799_42998776 

MBNL1 Skipped exon (SE) 3 + 152165409_152163328 

FXR1 Skipped exon (SE) 3 + 180693910_180688146 

EIF4a2 Skipped exon (SE) 3 + 186503672_186502485 
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Table 4: Table of density plots of PSI distributions (of the 10 genes cluster) in 

tumoral and normal samples. 

  

  

  



36 
 

  

  

 

 

     To study the impact of alternative splicing events on prognosis, Kaplan-

Meier curves were plotted for groups of patients separated by the optimal 

PSI cutoff for each alternative splicing event that maximizes the 

significance of group differences in survival analysis. The purpose was to 

identify genes that could serve as prognostic biomarkers for the disease. 

The prognostic significance of the alternative splicing events is 

demonstrated by the Kaplan-Meier survival curves presented in Table 5. 
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Table 5: Kaplan–Meier survival curves illustrating the overall survival probability 

of CHOL patients stratified according to inclusion levels of indicated AS events in 

the 10 genes 
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8.5. Basic information related significant AS events 

     Basic information about the 10 genes obtained from ASCancer Atlas 

were summarized in tables from 6A to 6J. These tables also include the 

splicing model of the alternative splicing (AS) event in protein-coding 

transcripts, and plots that compare the PSI value and expression value for 

each significant splicing event in CHOL TCGA samples. 

 

Tables 6A to 6J: Basic information related to each of the 10 genes, splicing 

model, and plots of PSI value and expression in normal and tumoral samples 

1. UPF1  

Table 6A 

Ensembl Gene 

ID 

ENSG00000005007 

Approved 

Name 

UP-Frameshift protein 1 

Locus Type Protein-coding gene 

Gene Summary This gene encodes a protein that is a component of a multiprotein 

complex responsible for both the export of mRNA from the nucleus 

and the surveillance of mRNA. 
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AS model 

 

Splicing 

Expression 

 

2. U2AF2 

Table 6B 

Ensembl Gene 

ID 

ENSG00000063244 

Approved 

Name 

U2 small nuclear RNA auxiliary factor 2 
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Locus Type Protein-coding gene 

Gene Summary U2 auxiliary factor (U2AF) is a splicing factor that consists of a 

large and a small subunit. The U2AF2 gene encodes the U2AF 

large subunit, which contains a region that can specifically bind 

to RNA with three RNA recognition motifs and an Arg/Ser-rich 

domain that is essential for splicing. The large subunit of U2AF 

binds to the polypyrimidine tract of introns at an early stage of 

spliceosome assembly. 

AS model 

 

Splicing 

Expression 
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3. TIAL1 

Table 6C 

Ensembl Gene 

ID 

ENSG00000151923 

Approved 

Name 

TIA1 cytotoxic granule associated RNA binding protein like 1 

Locus Type Protein-coding gene 

Gene Summary The protein encoded by this gene is an RNA-binding protein. This 

protein plays a role in regulating several activities, including 

translational control, splicing, and apoptosis. It contains three RNA 

recognition motifs (RRMs) and is capable of binding to adenine 

and uridine-rich elements in mRNA and pre-mRNAs of various 

genes.  

AS model 
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Splicing 

Expression 

 

4. SRSF10 

Table 6D 

Ensembl Gene 

ID 

ENSG00000188529 

Approved 

Name 

Serine and arginine rich splicing factor 10 

Locus Type Protein-coding gene 

Gene Summary This gene product belongs to the serine-arginine family, which 

plays a role in both constitutive and regulated RNA splicing. 
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AS model 

 

Splicing 

Expression 

 

5. SNRNP70 

Table 6E 

Ensembl Gene 

ID 

ENSG00000104852 

Approved 

Name 

Small nuclear ribonucleoprotein U1 subunit 70 
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Locus Type Protein-coding gene 

Gene 

Summary 

This gene product is a member of the serine-arginine family, which 

is involved in both constitutive and regulated RNA splicing. It is a 

small nuclear ribonucleoprotein that associates with U1 

spliceosomal RNA, forming the U1snRNP, which is a core 

component of the spliceosome. Located in the nucleoplasm. 

AS model 

 

Splicing 

Expression 

 



46 
 

 

6. RUVBL1 

Table 6F 

Ensembl Gene 

ID 

ENSG00000175792 

Approved 

Name 

RuvB like AAA ATPase 1 

Locus Type protein-coding gene 

Gene Summary This gene encodes a protein that possesses both DNA-dependent 

ATPase and DNA helicase activities. It is a member of the 

ATPases associated with diverse cellular activities. The protein 

interacts with multiple multi subunit transcriptional complexes and 

protein complexes involved in ATP-dependent remodeling and 

histone modification. 

AS model 

 



47 
 

Splicing 

Expression 

 

7. MBNL1 

Table 6G 

Ensembl Gene 

ID 

ENSG00000152601 

Approved 

Name 

Muscle blind like splicing regulator 1 

Locus Type Protein-coding gene 

Gene Summary This gene encodes a C3H-type zinc finger protein that belongs to 

the muscle blind protein family. It was first identified in Drosophila 

melanogaster. The protein plays a role in regulating alternative 

splicing of pre-mRNAs. 
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AS model 

 

Splicing 

Expression 

 

8. POLDIP3  

Table 6H 

Ensembl Gene 

ID 

ENSG00000100227 
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Approved 

Name 

DNA polymerase delta interacting protein 3 

Locus Type Protein-coding gene 

Gene Summary This gene encodes a protein that contains an RNA recognition 

motif (RRM) and is involved in the regulation of translation. It 

functions by recruiting ribosomal protein S6 kinase beta-1 to 

mRNAs. 

AS model 

 

Splicing 

Expression 
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9. EIF4A2 

Table 6I 

Ensembl Gene 

ID 

ENSG00000156976 

Approved 

Name 

Eukaryotic translation initiation factor 4A2 

Locus Type Protein-coding gene 

Gene Summary The translation of mRNA is a complex process that involves 

initiation, elongation, and termination. Essential factors for 

translation are members of the eukaryotic initiation factor 4A 

(eIF4A) family. The different isoforms of eIF4A have been named 

as eIF4A1 (DDX2A), eIF4A2 (DDX2B), and eIF4A3 (DDX48). 

Both eIF4A1 and eIF4A2 are involved in the initiation of 

translation. There is evidence suggesting that various eukaryotic 

initiation factors are closely associated with the development and 

prognosis of different types of human cancers. 

AS model 
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Splicing 

Expression 

 

10. FXR1 

Table 6J 

Ensembl Gene 

ID 

ENSG00000114416 

Approved 

Name 

FMR1 autosomal homolog 1 

Locus Type Protein-coding gene 

Gene Summary The gene product is an RNA binding protein that interacts with the 

proteins FMR1 and FXR2. These proteins move between the 

nucleus and cytoplasm and bind to polyribosomes, particularly the 

60S ribosomal subunit. 
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AS model 

 

Splicing 

Expression 
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8.6. Targeted editing on EIF4A2 gene 

     The CRISPOR web tool was utilized to identify specific guide RNAs 

for the significant alternative splicing (AS) events associated with CHOL 

patients. For instance, we chose the EIF4A2 gene as an example. This gene 

plays a role in the initiation of translation, and most of the evidence has 

indicated that different eukaryotic initiation factors are closely linked to 

the development and prognosis of various types of human cancers. From 

our findings, we observed a significant alternative splicing event in this 

gene that is associated with patients diagnosed with CHOL. This AS event 

is located on the third chromosome, specifically on the forward strand, 

within the genomic coordinates of 186502485-186502751. We obtained 

the sequence of this genomic location, which is 267 base pairs long. By 

querying CRISPOR for guide RNAs, we discovered 24 potential guide 

sequences. The figure (25) displays these sequences along with their 

corresponding PAM sites and the expected cleavage position. 

Fig (25): PAM sites and the expected cleavage position in the genome, colors 

green and yellow indicate high and medium specificity of the PAM's guide 

sequence in the genome. 

We selected the guide with the highest specificity score 

Guide Sequence: AACAGGTGCTAGTCCCCCAG 

PAM (Protospacer Adjacent Motif): AGG 

Restriction Enzymes: LpnPI, MaeIII 
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     The specificity score is 91, which is a prediction of how likely an RNA 

guide sequence for this target may cause off-target cleavage in other parts 

of the genome. A higher specificity score (>50) indicates a better guide. 

     The efficiency score is 79, which predicts how well the target can be cut 

by its RNA guide sequence.  

     The out-of-frame score is 69, indicating the likelihood of the guide 

causing out-of-frame deletions. 

     The off-target mismatch counts represent the number of possible off-

targets in the genome for each number of mismatches. The sequence '0-0-

1-6-77' means that the target matches 0 locations in the genome with no 

mismatches, 0 locations with 1 mismatch, 1 location with 2 mismatches, 6 

locations with 3 mismatches, and 77 locations with 4 mismatches. 

     From the previous results, we can observe that the EIF4A2 gene is 

expressed at high levels in tumor samples. Additionally, the alternative 

splicing (AS) event associated with this gene is up-regulated. Therefore, if 

our goal is to decrease the expression of the EIF4A2 gene, we should 

design the gRNA to target the promoter elements of the gene. On the other 

hand, if our desired genetic manipulation is to introduce a specific 

sequence change, such as modifying the splicing position, the gRNA 

should be designed to target the region where the desired edit should be 

made and, in this case, a repair template will be required to facilitate the 

desired genetic manipulation. 

     Once the RNA guide and appropriate vector have been selected, the next 

step involves delivering the gRNA(s) into the cells. This can be done 

through ex-vivo or in-vivo methods. In ex-vivo therapy, cells are isolated 

and edited outside of the body before being transplanted back. In in-vivo 

therapy, genetic materials are directly injected into the body. The final step 
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is to validate the genetic modification. CRISPR editing can result in 

various genotypes within the cell population. Some cells may remain wild 

type due to a lack of gRNA and/or Cas9 expression, or inefficient target 

cleavage in cells expressing both Cas9 and gRNA. There are several 

common methods to confirm that the desired edit is present in specific 

cells, such as PCR amplification and gel electrophoresis, or PCR 

amplification and next-generation sequencing. [40, 41]  

The flowchart in figure (26) summarizes the workflow of Crispr 

technology. 

  

Fig (26): Flowchart of the Crispr technology workflow 
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9. Discussion 

     Cholangiocarcinoma, the second most common primary liver cancer 

worldwide, has a relatively low incidence in most high-income countries 

(0.3-2 cases per 100,000 people). However, in certain regions like 

Southeast Asia, where a liver fluke parasite is prevalent, the incidence can 

be much higher (up to 40-fold greater). In addition, gallstones and 

inflammatory conditions of the digestive tract can increase the risk of bile 

duct cancer. [42, 43] 

     For early-stage tumors, surgery is the only therapeutic option that offers 

a chance of cure. If imaging tests indicate a good chance of removing the 

entire tumor, surgery may be performed. However, cholangiocarcinoma is 

often asymptomatic during the early stages, leading to late-stage diagnosis 

where surgery cannot completely remove metastatic cancer [44, 45]. 

Therefore, there is an urgent and growing need to understand the 

pathogenesis of this tumor and develop prognosis and diagnosis methods. 

     In the present study, a series of analyses were conducted using 

Psichomics R package to explore downregulated and upregulated genes 

associated with cholangiocarcinoma. The normalized RNA-seq data from 

healthy subjects and cholangiocarcinoma patients were derived from 

TCGA database, The goal was to identify significantly differentially 

spliced events between tumoral and normal samples. A total of 283 events 

were found to be differentially spliced based on specific criteria (|Δ median 

PSI| ≥ 0.1 and Wilcoxon rank-sum test with Benjamini–Hochberg (FDR) 

adjustment ≤ 0.01). These events were considered as alternative splicing 

events associated with overall survival in CHOL and classified into three 

groups: biological processes, molecular functions, and cellular 

components, using Gene Ontology (GO) terms. Additionally, KEGG 

pathway enrichment analysis was conducted using ShinyGO 0.76. 
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     The genes with OS-related AS events in CHOL were found to be mainly 

involved in Peroxisome fission, Hepatocyte proliferation, Epithelial cell 

proliferation involved in liver morphogenesis, and were primarily enriched 

in Cytoplasmic stress granule, Cell cortex, Envelope, and Mitochondrion. 

They were also associated with functions such as Vascular endothelial 

growth factor receptor 1 binding, L-ascorbic acid binding, Cadherin 

binding, and Cell adhesion molecule binding. 

     Furthermore, pathway analysis revealed that these genes are mainly 

involved in Galactose metabolism, Regulation of lipolysis in adipocytes, 

VEGF signaling pathway, and PPAR signaling pathway. 

     Using bioinformatics tools including STRING and Cytoscape analyses 

of all genes with significant prognostic values identified the following 

genes to be located at the center of the gene network: UPF1, U2AF2, 

TIAL1, SRSF10, SNRNP70, RUVBL1, POLDIP3, MBNL1, FXR1 and 

EIF4a2. These genes are primarily enriched in biological processes related 

to the regulation and negative regulation of mRNA splicing via 

spliceosome, as well as the regulation of mRNA processing and RNA 

splicing. These processes are directly associated with alternative splicing. 

     Additionally, these genes as a group have been reported to be involved 

in various conditions such as relapsing-remitting multiple sclerosis, 

Myotonic dystrophy type 2, Localized scleroderma, Liposarcoma, and 

Sjogren's syndrome. However, their association with CHOL has not been 

previously reported. Therefore, these genes may open up new avenues for 

research, as their clustering results from a network that accurately screens 

significant AS events identified through the Wilcoxon rank-sum test with 

Benjamini–Hochberg (FDR) adjustment and median change. 
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     Differential splicing and PSI distributions of the 10 AS events across 

tumoral and normal samples revealed that 6 events were up-regulated in 

tumoral samples and 4 were down- regulated when compared to normal 

samples, Kaplan–Meier survival analysis for overall survival probability 

of CHOL patients stratified according to inclusion levels of indicated AS 

events in the 10 genes revealed 2 AS events (TIAL1 and SNRNP70) had p 

value >0.05 thus can't be used as tumor biomarkers for this tumor, 

meanwhile the other 8 AS events had a significant p value thus had a high 

prognostic value and might be novel biomarkers. 

     In looking for each of the eight genes individually, we found that there 

are some genes that have not been previously well studied in the context of 

cholangiocarcinoma, including eIF4A2 which is one of the initiation 

factors of mRNA translation. The dysregulation and aberrant expression of 

eIF4A isoforms have been found in various tumor tissues including gastric, 

lung, colorectal and breast cancer [46]. U2AF2 Plays a role in pre-mRNA 

splicing and 3'-end processing its alterations have been associated with a 

variety of human cancers such as lung cancer [47], and according to 

reports, alterations in U2AF2 splicing factor have very low frequencies 

among hematological tumors [8]. Also, FXR1 which is an RNA binding 

protein that is related to poor prognosis in some cancers, including ovarian 

cancer, breast cancer, and head and neck squamous carcinoma [48]. 

     In the other hand, we found some genes that have been shown to be 

involved in cholangiocarcinoma including UPF1, SRSF10, RUVBL1, 

POLDIP3 and MBNL1. Currently, UPF1 is known to have a crucial role in 

promoting cell proliferation and differentiation [49], additionally, there is 

growing evidence suggesting that UPF1 could potentially be used as a 

biomarker for diagnosing and treating cancer in future clinical applications 

as UPF1 is dysregulated and plays a significant role in various types of 
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cancer, including hepatocellular [50], colorectal [51], gastric [52], 

pancreatic [53], thyroid [54], ovarian [55], and prostate cancer [56] 

     POLDIP3 (DNA Polymerase Delta Interacting Protein 3) is a binding 

partner and target of S6 kinase 1, regulates DNA replication, mRNA 

translation efficiency and cell growth. a study of alternative transcript of 

POLDIP3 demonstrated that this alternative transcript is upregulated and 

functions as a critical oncogene in hepatocellular carcinoma.[57] 

     Serine/arginine splicing factor 10 (SRSF10) is a member of the family 

of mammalian splicing regulators which have been implicated in the 

carcinogenesis and progress of a variety of cancers, SRSF10 has been 

found to have a strong association with overall survival and is significantly 

related to the prognosis of intrahepatic cholangiocarcinoma.[58] 

     RUVBL1, also named as Pontin is a protein that is involved in various 

biological processes, such as regulating gene transcription, modifying 

chromatin structure, detecting and repairing DNA damage. It has been 

found to be overexpressed in several types of cancer, interestingly 

RUVBL1 has been found to have high expression and a significant 

prognostic value for patients with Hilar Cholangiocarcinoma.[59] 

     MBNL1 which is one of RNA-binding proteins (RBPs) has previously 

been linked to   several cancers and in the context of cholangiocarcinoma 

it has been found that MBNL1 was upregulated with differential expression 

levels in tumoral samples in consistent with the results of our study.[60] 

     The AScancer atlas was utilized to gather additional information about 

10 alternative splicing (AS) events and determine the splicing model in 

protein-coding transcripts. By comparing the Percent Spliced In (PSI) and 

expression values for each significant splicing event, statistically 
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significant differences were observed between tumoral and normal samples 

in terms of PSI, expression values, or both. 

     Because variation in AS patterns vary from patient to patient which may 

make personalized genetic treatment the best choice as synthetic regulation 

of alternative splicing provides critical molecular tools in biomedicine. 

While the use of CRISPR-Cas9 for targeting oncogenic AS events is not 

yet well studied, the specificity of these events to different tumor types and 

the customizable nature of the CRISPR-Cas9 system suggest that splice 

variants can be effectively targeted with CRISPR-Cas9. [61, 62] 

     At the end by using CRISPOR web tool we were able to design gRNA 

for the AS event on EIF4A2 gene with the suitable PAM (Protospacer 

Adjacent Motif) and restriction enzymes in order to make targeted genome 

editing. 
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10. Conclusion 

     In conclusion, it was observed that certain genes involved in alternative 

splicing exhibited abnormal patterns in cholangiocarcinoma samples 

compared to normal tissues. These aberrant splicing events were found to 

be associated with specific biological pathways implicated in 

cholangiocarcinoma development and progression. 

     Furthermore, the identification and characterization of alternative 

splicing events contributed to a better understanding of the molecular 

mechanisms underlying cholangiocarcinoma. Overall, the integrated 

bioinformatics analysis in this research provided insights into the role of 

aberrant alternative splicing in the emergence and progression of 

cholangiocarcinoma by influencing various cellular processes and gene 

expression patterns., highlighting its potential impact on disease 

pathogenesis and offering potential avenues for targeted therapies. 

     However, the study had some limitations. First, it was a pure 

bioinformatics study and did not include clinical experiments to prove the 

scientific hypothesis. Second, the patients enrolled in the study were 

exclusively from a single database, which may limit the generalizability of 

the findings. Third, the study focused mainly on exon skipping as the most 

represented splicing type among the alternative splicing events in the 

cholangiocarcinoma dataset. Fourth, as we mentioned before the use of 

CRISPR-Cas9 for targeting alternative splicing (AS) events is still an area 

of active research and is not well studied. CRISPR technology, in general, 

has many caveats and risks associated with it, as genetic modification can 

have unintended consequences. Therefore, it is crucial to conduct in-vivo 

and ex-vivo studies to validate the clinical consequences of genetic 

modifications before considering their use in a clinical setting. 
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