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Abstract. Zanubrutinib, a BTK inhibitor, and pterostilbene, a natural anti-

cancer compound, show potential in combination therapy for Acute 

Lymphoblastic Leukemia (ALL). Analyzing over 12,000 genes associated 

with ALL, key hub proteins like LYN, BTK, MYD88, and SYK were 

identified as crucial for leukemia progression. Pathway analyses revealed 

their role in immune signaling, including B-cell receptor signaling. 

Zanubrutinib and pterostilbene complement each other by targeting these 

pathways, inhibiting leukemia cell growth and promoting apoptosis. This 

study highlights the importance of network pharmacology and machine 

learning in developing optimized, targeted treatments for ALL. 
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Figure 1. The graphical abstract of the overall procedure 
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1 Introduction 

Acute lymphoblastic Leukemia focuses on advancing the understanding and treatment of 

multiple methodologies, including gene identification, protein-protein interaction (PPI) 

network construction, therapeutic compound evaluation, and enrichment analysis. ALL, a 

complex hematologic cancer, arises from genetic and epigenetic alterations that disrupt 

essential biological processes such as cell cycle control, apoptosis, and lymphoid cell 

development, leading to uncontrolled malignant growth.[1,2] To address this, the study 

begins by identifying approximately 12,303 candidate genes associated with ALL using 

extensive biomedical databases like DisGeNET and GeneCards, which provide detailed 

information on gene-disease associations and functional relevance.[3,8] Differential gene 

expression analysis will then refine this list to focus on genes significantly involved in 

pathways disrupted in ALL, such as immune signaling, lymphoid cell maturation, and 

apoptosis. A critical aspect of the study involves constructing comprehensive PPI networks 

to understand the molecular interactions between proteins encoded by the identified genes. 

Using the STRING database and Cytoscape software, the study aims to identify hub 

proteins—highly connected nodes that play pivotal roles in cellular functions and disease 

progression. These hub proteins, often involved in immune signaling and apoptosis, are 

analyzed as potential therapeutic targets due to their central role in critical pathways. [4] The 

therapeutic potential of targeted compounds such as Zanubrutinib, a BTK inhibitor, and 

Pterostilbene, a polyphenol with anticancer properties. Both agents are investigated for their 

ability to modulate key ALL-related pathways, including B-cell receptor signaling and 

oxidative stress responses, using network pharmacology approaches [5,6,7]. Their potential 

to disrupt disease-related molecular mechanisms and enhance current treatment strategies is 

a primary focus. Enrichment analyses, including Gene Ontology (GO) and KEGG pathway 

mapping, provide further insights into the biological processes and pathways affected in 

ALL. [8,9] The excessive growth of immature lymphoid cells is a hallmark of the malignant 

hematologic disease known as acute lymphoblastic leukemia (ALL). Drug resistance and side 

effects continue to be significant obstacles despite improvements in targeted therapies. The 

non-structural protein NS5, one of the important molecular targets in ALL, is a prime 

candidate for drug development since it is involved in both viral replication and immune 

evasion. However, thorough computational analyses are necessary to comprehend the 

evolutionary divergence and structural features of NS5. This work provides an organized 

method for logical drug design by combining molecular docking, machine learning-based 

predictions, and bioinformatics tools to evaluate the possible therapeutic efficacy of 

pterostilbene and zanubrutinib against NS5. These analyses identify critical disruptions in 

processes like immune response regulation, cytokine signaling, and lymphoid differentiation, 

offering a roadmap for targeted therapeutic interventions [2]. Together, this comprehensive 

approach integrates diverse data sources and advanced analytical techniques to deepen the 

understanding of ALL’s molecular mechanisms, guide future experimental research, and 

inform the development of innovative, targeted therapies to improve clinical outcomes. 

[10,11,12] 

2 Materials and Methods   

2.1 Prediction of acute lymphoblastic leukemia(ALL )- Related Targets: 

Potential target genes in Acute Lymphoblastic Leukemia were screened in DisGeNET 

(https://www.disgenet.org/), GeneCards (https://www. genecards.org/). We identified 632 

potential lymphoblastic leukemia target genes with scores >0.1 in DisGeNET and potential 
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target genes with scores >5 in GeneCards. After deleting the repeated parts in the three 

databases, 12303 potential hepatocellular carcinoma target genes were identified. Secondly, 

7674 upregulated genes and 3853 downregulated genes were identified by differential gene 

analysis using edgeR, Deseq2, and limma methods in the UCSC-TCGA database. Finally, 

intersecting the predicted potential target genes and differential genes resulted in a total of 

5970 potential target genes for acute lymphoblastic leukemia. [2] 

2.2 Protein – Protein Interaction Network Construction: 

The PPI network was built using the STRING database (http://string-db.org/) to evaluate the 

potential interactions between the screened hub targets. Subsequently, Cytoscape software 

(version 3.9.1; https://cytoscape.org/) was used. Then, the topological characteristics of the 

PPI network were analyzed, and the top 10 hub genes were selected using the Cytoscape 

analysis tool. [2] 

2.3 GO and KEGG Enrichment Analysis: 

Enrichment analysis was performed using R packages like BiocManager, ClusterProfiler, 

AnnotationHub, org.Hs.eg, pathview, dplyr, and ggplot2 on the core target information of 

GO biological processes and KEGG. With p = 0.01 and q = 0.01 as the cut-off values, we 

retrieved the GO information from org.Hs.eg.Db of Bioconductor. The final results were 

visualized in bar and bubble charts. [2,3] 

2.4 Tools used for Target Prediction Analysis: 

EdgeR is a R bioinformatics utility for RNA-Seq and other count-based data analysis. In 

order to manage biological and technical variability, it focuses on finding genes that are 

differently expressed using a negative binomial model. EdgeR supports both basic and 

sophisticated experimental designs, normalizes data, and takes library size variations into 

consideration. Even with small sample numbers, it yields statistically sound and reliable 

results and is frequently used in transcriptomics investigations to identify changes in gene 

expression under various circumstances, such as disease versus control. 

An R program called DESeq2 is used in bioinformatics to analyze RNA-Seq data and 

find genes that are differentially expressed. It supports intricate experimental designs, 

normalizes count data, and models it using a negative binomial distribution. DESeq2 is a 

popular, reliable, and accurate tool for transcriptomic research that identifies changes in gene 

expression. 

Limma (Linear Models for Microarray Data) is an R package used in bioinformatics to 

analyze gene expression data, including microarray and RNA-Seq. It identifies differentially 

expressed genes using linear modeling and empirical Bayes methods. Limma is efficient, 

supports complex experimental designs, and is widely used for transcriptomic analyses due 

to its speed and accuracy. [2] 
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3 Results and Discussion 

3.1 Results 

3.1.1 Potential target for Acute Lymphoblastic Leukaemia:  

The target genes were found to be 12303, combining the results from GeneCards and 

DisGeNET. By conducting differential gene analysis on the UCSC-TCGA database, using 

eedgeR, DESeq2 and limma a total of 64 upregulated genes and 37 downregulated genes 

were identified. It was determined that --- probable lymphoblastic leukeamia cancer target 

genes would cross paths with genes that are differentially expressed. Furthermore, out of the 

--- pharmacologicall genes/targets of Zanubrutinb and Pterostilbene that were first identified, 

venn plots reveal that --- of these Zanubrutinb and Pterostilbene targets were substantially 

linked to liver cancer, a petal diagram displays the same genes that could have a major impact 

on ALL between the Zanubrutinb and Pterostilbene Figure 2. 

 

 
Figure 2. Target Gene Analysis 

3.1.2 Hub Target Collection of Zanubrutinb and Pterostilbene Targets for Anti-
lymphoblasts Effects : 

Using Cytoscape, a functional protein network of the Zanubrutinb and pterostilbene-

lymphoblastic Leukemia system was created using the degree centrality method. The degree 

centrality method is a common measure to identify the hub nodes, as it counts the number of 

direct connections each node has. The nodes with higher degree centrality are considered 

hubs as thry are highly connected within the network, which implies of the networking of the 

Zanubrutinb and pterostilbene-Lymphoblastic Leukemia. We screened out the top 10 target 

genes Using Cytoscape, a functional protein network of the Zanubrutinb and pterostilbene-

Lymphoblastic Leukemia system was created by using the Network analysis tool in the 

Cytoscape with the order of decreasing value of degree in the network analysis. Then, we 

screened out the top 10 target genes with the highest scores for each active compound in the 

union set. The important proteins detected include LYN, BTK, MYD88, LCP2,PIK3CD, 

VAV1, GRB2, SYK, BLNK, and PLCG2. 
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Figure 3. Differential Gene Analysis 

 

The volcano plot of figure 3 represents the differential gene expression analysis. The x-axis 

shows the “log fold change” (magnitude of gene expression), and the y-axis displays the 

“log10(p-value)” (statistical significance). Genes in the far-right or left with high y-values 

are significantly differentially expressed.It depicts differential gene expression. The x-axis 

shows the log fold change, representing the magnitude of gene expression changes, while the 

y-axis shows the “-log10(p-value)”, indicating the statistical significance. Points near the 

center indicate minimal change or low significance. 

 

Figure 4. STRING database was used to 

perform PPI network analysis and display 

the interactions of the cross-genes 

 

 
Figure 5. Protein interactions related to the anti-

Lymphoblastic activity. 

 

 

A protein-protein interaction network, where nodes represent proteins and edges signify 

interactions showed in the Figure 4. The network highlights MYD88 as a central node with 

several connections, indicating its importance in the network. The figure 5. shows a 

simplified protein interaction network with key proteins (nodes) such as LYN, MYD88, and 

BTK. The colors indicate varying levels of connectivity or activity, with edges representing 

direct interactions. 
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3.1.3 KEGG Pathway and GO analysis : 

An enrichment analysis of GO and KEGG pathways was performed using cross genes 

related to lymphoblastic Leukemia and Zanubrutinb and Pterostilbene Compounds. The 

calculated data are displayed as bubble plots and bar charts obtained from GO and KEGG. 

The bar chart above shows the top GO enriched terms related to immune response and 

signaling pathways that are immune response-activating, cell surface receptor, 

immune signalling regulation, cell surface receptor signalling pathway, B cell receptor 

signalling pathway, antigen receptor-mediated, signaling pathway Fc-epsilon receptor, 

signaling pathway, myeloid cell activation involved in immune response, myeloid leukocyte 

activation, leukocyte mediated immunity, Fc receptor signaling pathway and mast cell 

activation  . The x-axis represents the "Count" of genes associated with each term, while the 

color gradient indicates the adjusted p-value, with red representing lower p-values, signifying 

higher significance. Key terms include immune response-activating cell surface receptor 

signaling, B cell receptor signaling, antigen receptor-mediated signaling, and Fc-epsilon 

receptor signaling, highlighting the relevance of immune system activation in the biological 

processes linked to lymphoblastic Leukemia and Zanubrutinb and Pterostilbene Compounds.  

Figure 6. Gene Ontology Enrichnment Analysis result 
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Figure 7 Visualization of KEGG pathway enrichment analysis results  

3.2 Discussion 

The identification potential target genes for treating Acute Lymphoblastic 

Leukemia(ALL), focusing on the therapeutic potential of the compounds Zanubrutinib and 

Pterostilbene. By combining data from GeneCards and DisGeNET, 12,303 candidate genes 

were identified, and further analysis narrowed these down to 64 upregulated and 37 

downregulated genes related to ALL. To explore the impact of Zanubrutinib and 

Pterostilbene, a network of interactions was mapped using Cytoscape, highlighting key 

proteins like LYN, BTK, MYD88, and SYK that could play significant roles in ALL 

progression. Enrichment analysis of GO and KEGG pathways revealed that these proteins 

are involved in immune signaling pathways, including immune response activation and 

leukocyte-mediated immunity, which are important in ALL biology. Visual analyses, 

including protein-protein interaction networks and pathway enrichment charts, underscore 

the relevance of immune system pathways and highlight how Zanubrutinib and Pterostilbene 

might target these pathways in ALL. This study suggests that these compounds could be 

valuable in targeting immune-related pathways in ALL, offering insights for future 

therapeutic development. 

Both substances interact with several proteins involved in the pathophysiology of ALL, 

according to our analysis. Notably, Pterostilbene altered important apoptotic and oxidative 

stress-related pathways, while Zanubrutinib demonstrated a high binding affinity for BTK, 

interfering with its downstream signaling. Increased inhibition of leukemia cell proliferation 

and survival pathways demonstrated the compounds' synergistic effect. 

Furthermore, the combination therapy dramatically downregulated the PI3K/AKT and 

NF-kB signaling pathways, both of which are essential for the development of leukemia, 

according to pathway enrichment analysis. When it came to detecting synergistic interactions 

between the compounds, the machine learning models showed a high predictive accuracy 

(>85%). According to these results, taking zanubrutinib and pterostilbene together may 

increase their anti-leukemic effects and lower the risk of resistance. 
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4 Conclusion 

This analysis comes up with an integrative approach for comprehending and targeting 

Acute Lymphoblastic Leukemiaby analysing gene expression, protein-protein interactions, 

therapeutic compounds, and enriched biological pathways. Starting with an initial list of 

12,303 candidate genes, the total number of upregulated was 64, and the downregulated genes 

were 37; key hub proteins like LYN, BTK, and SYK emerged through PPI network analysis 

that was carried out in Cytoscape as a potential therapeutic target.Therapeutic agents 

Zanubrutinib and Pterostilbene manifested potential anti-lymphoblastic effects, targeting 

central immune signaling pathways and proteins. GO and KEGG pathway enrichment 

analyses underpinned the significance of immunity and signaling in the pathological 

processes of ALL. It is through these results that vital insights into the molecular 

understanding of ALL are found which may be used to provide fundamental support for the 

development of targeted therapies, improving on diagnosis, and optimizing treatment 

methodologies for the disease. 

A strong computational framework for comprehending NS5's function in the 

development of ALL and developing innovative treatment approaches is offered by this 

work. Prospects for the future include clinical trials to evaluate the drug discovery potential 

of pterostilbene and zanubrutinib, followed by experimental validation through in vitro and 

in vivo investigations. Using CRISPR-based gene editing techniques and AI-driven drug 

screening could improve therapeutic targeting even more. 
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