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Abstract 

Background: Acute lymphoblastic leukemia (ALL) is one of the most common cancers in children, which 

causes the death of many patients. Nowadays, bioinformatics approaches are widely used to identify factors 

involved in the pathogenesis of diseases. Given the extent of molecular pathways and genes involved in these 

pathways, the use of bioinformatics approaches and the experimental validation of genes is essential. In this 

regard, we evaluated the roles of TOP2A, BUB1, and BUB1B genes in the biological processes of ALL, as well 

as their expression in malignant ALL cells. 

Materials and Methods: The present work is a bioinformatics and experimental study. The GSE102301 

database was used in this study. After determining Differentially Expressed Genes (DEGs), cell lines were used 

to evaluate gene expression. The cell line used in this study was CCRF-CEM. The expression of TOP2A, 

BUB1, and BUB1B genes for validation was evaluated using real-time polymerase chain reaction (RT-PCR). 

Results: In this study, 72 DEGs were identified in ALL patients compared to the control subjects. Out of 4234 

DEGs, 35 genes were up-regulated and 37 genes were down-regulated. The expression of BUB1, BUB1B, and 

TOP2A was increased in CCRF-CEM cells compared to peripheral blood mononuclear cells (PBMCs). The 

difference in the expression of these genes between the two cell types was statistically significant (p < 0.05). 

Conclusion: The findings suggest that BUB1, BUB1B, and TOP2A are significantly overexpressed in ALL 

cells and may play a role in the disease's pathogenesis. These genes warrant further investigation as potential 

biomarkers and prognostic indicators in ALL, especially in clinical patient cohorts. 

Keywords: Acute Lymphocytic Leukemia, Bioinformatics, Topoisomerase   

 

Introduction 
Acute lymphoblastic leukemia (ALL) is 

one of the most common cancers in 

children, which causes the death of many 

patients (1). The average age of ALL 

diagnosis in patients is 15 years. ALL is 

characterized by dysfunction in the 

differentiation of lymphoid cells in the 

bone marrow and peripheral blood (2). In 

this malignancy, the function and 

development of blood lymphocytes are 

disturbed. According to statistical 

evidence, 6000 new cases are diagnosed 

annually and 1500 patients die from the 
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disease (1, 3). Pathogenesis of ALL is a 

combination of genetics, environmental 

factors, and biology. Based on molecular 

methods, including next-generation 

sequencing (NGS), it has been determined 

that mutation, transfer, deletion, and 

genetic abnormalities play an important 

role in the occurrence and progression of 

ALL (4, 5). On the other hand, gene 

expression disorders are also influential 

factors in ALL. Disruption of gene 

expression activates or deactivates 

signaling pathways. Signaling pathways 

are involved in regulating cellular 

biological activities including 

proliferation, apoptosis, and cell 

communication. Increased proliferation or 

inhibition of apoptosis is one of the 

indicators of resistance to treatment in 

ALL patients (6-9). 

Based on systems biology approaches, it 

has been shown that the interactions 

between genes and molecular pathways 

can largely indicate the pathogenesis of 

diseases. There are a series of genes that 

are known as hub genes due to their 

increased interactions with other genes 

(10-13). In the present study, after a 

bioinformatics analysis, three hub genes 

were identified in ALL: Topoisomerase II, 

which has two genetically distinct 

isoforms (TOP2A), budding uninhibited 

by benzimidazoles (BUB1), and BUB1B. 

TOP2A is one of the genes whose 

expression in cells is accompanied by 

increased proliferation. The results showed 

that TOP2A expression in cancer cells can 

be associated with cell proliferation and 

the inhibition of apoptosis (14). 

BUB1 is one of the genes that is part of a 

cell structure. Evidence shows that BUB1 

contributes to the regulation of chromatin 

and chromosomes. Disruption of BUB1 

function or expression can cause 

dysregulation of biological processes in 

the cell (15). 

Nowadays, bioinformatics approaches are 

widely used to identify factors involved in 

the pathogenesis of diseases. Given the 

extent of molecular pathways and genes 

involved in these pathways, the use of 

bioinformatics approaches and the 

experimental validation of genes is 

essential. In this regard, we evaluated the 

roles of TOP2A, BUB1, and BUB1B 

genes in the biological processes of ALL, 

as well as their expression in malignant 

ALL cells. 

 

Materials and Methods 
Characteristics of data 

In this study, the database GSE102301 

extracted from Gene Expression Omnibus 

(GEO) was used. The platform of 

GSE102301 was GPL16791 Illumina 

HiSeq 2500 (Homo sapiens). R software 

was applied to determine Differentially 

Expressed Genes (DEGs). The criteria 

used included logFC| > 2 and p < 0.05. 

Gene ontology (GO) and Kyoto 

Encyclopedia of Genes and Genomes 

(KEGG) pathway 

GeneCodis4 software was used for GO 

analysis related to DEGs. For this purpose, 

molecular functions (MF), cellular 

components (CC), and biological 

processes (BP) related to DEGs were 

identified. Moreover, GeneCodis4 

software was used to analyze the KEGG to 

determine the related molecular pathways. 

p < 0.05 was determined as a significance 

level for the analyses. 

Designing the protein-protein 

interaction (PPI) 

PPI was used to evaluate the interactions 

and networks between proteins and DEGs. 

STRING database was employed to design 

and specify the interactions between 

proteins. Cytoscape software was used to 

observe these interactions. For PPI 

analysis, a minimum required interaction 

score > 0.4 was utilized. 

Cell culture  

In this study, the CCRF-CEM cell line was 

purchased from the Pasteur Institute of 

Iran. The cells were cultured in Dulbecco's 
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modified Eagle medium (DMEM)/F12 

supplemented with 10% fetal bovine 

serum (FBS) (Cytomatingene, Iran) and 

1% penicillin-streptomycin 

(Cytomatingene, Iran). The cells were 

maintained in a humidified incubator at 

37°C with 5% CO2. Peripheral blood 

mononuclear cells (PBMCs) were used as 

control cells.  

RNA extraction and quantitative real-

time polymerase chain reaction (qRT-

PCR) 

To extract RNA from cells, the TRIzol 

reagent was used according to Marbateh's 

instructions. After RNA extraction, cDNA 

was synthesized using the TaqMan 

MicroRNA Reverse Transcription Kit and 

qRT-PCR was performed using the 

TaqMan MicroRNA Assay. The 

expression levels of TOP2A, BUB1, and 

BUB1B genes were normalized to U6 

small nuclear RNA. 

 

Results 
Identification of DEGs 
In this study, 72 DEGs were identified in 

ALL patients compared to the control 

subjects. Out of 4234 DEGs, 35 genes 

were up-regulated and 37 genes were 

down-regulated (Figure 1). 

GO and KEGG enrichment analyses 
GO analysis was conducted based on CC, 

MF, and BP. It was found that CC mainly 

played a role in the plasma membrane, 

granules, DNA replication, cell cycle, and 

hemoglobin complex; MF was shown to 

be involved in immune responses, 

cytokine secretion, and lipid metabolism; 

and BP mainly contributed to immune 

responses, cell differentiation, and antigen 

processing and presentation (Figure 2). 

Determination of hub Genes  
The PPI network depicted in the figure 

demonstrates a diverse array of 

interactions among various proteins, with 

notable central nodes such as FN1 and 

COL1A1, indicating their significant roles 

in cellular processes. The network reveals 

clusters of proteins that may collaborate in 

specific biological functions, such as 

extracellular matrix formation and cellular 

signaling. Interactions among proteins like 

VIM, LRP1, and MCP suggest potential 

pathways involved in cell adhesion and 

migration. This intricate web of 

connections not only highlights the 

complexity of protein interactions but also 

provides insights into the molecular 

mechanisms underlying various 

physiological and pathological conditions, 

presenting opportunities for further 

investigation into targeted therapeutic 

strategies (Figure 3). 

Evaluation of Gene Expression  

The results showed that the expression 

levels of BUB1, BUB1B, and TOP2A 

were increased in CCRF-CEM cells 

compared to PBMCs. The difference in the 

expression of these genes between the two 

cell lines was statistically significant (p < 

0.05) (Figure 4).  
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Figure 1. Volcano diagram-related DEGs. Volcano plot of DEGs identified from the GSE102301 

dataset. The x-axis represents the log2 fold change (log2FC), and the y-axis shows the -log10 adjusted 

p-value. Genes with |log2FC| > 2 and p < 0.05 were considered statistically different. Up-regulated 

genes are shown in red, down-regulated genes in green, and non-significant genes in gray. 
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Figure 2. GO-related DEGs. GO-related BP, CC, and MF. For each section, the results showed 

pathways in cellular physiology. 
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Figure 3. PPIs between DEGs. PPIs are designed by STRING and Cytoscape. Nodes represent 

proteins encoded by DEGs, and edges represent functional interactions. Hub GGenes such as FN1 and 

COL1A1 were identified based on degree centrality. 
 

 
 

Figure 4. Gene expression of BUB1, BUB1B, and TOP2A in CCRF-CEM cells. The expression of all 

three genes was increased in CCRF-CEM cells compared to PBMCs. This increase in expression 

between the two groups was statistically significant (p = 0.01 for BUB1, p = 0.001 for BUB1B and 

TOP2A). 
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Discussion 
According to the results of the present 

study, in the in silico analysis, the BUB1, 

BUB1B, and TOP2A genes were 

identified as hub genes in ALL patients. In 

the experimental section, the results 

showed that the expression of these three 

genes was significantly increased in the 

CCRF-CEM cell line, which is known as 

ALL cells, compared to the control 

PBMCs (p < 0.05). 

In line with the present study, Ren et al. 

demonstrated that TOP2A expression was 

increased in ALL samples. Their results 

showed that based on the function of 

TOP2A in chromatid separation and 

chromosome assembly, its expression is 

increased during cell mitosis. This 

increased expression leads to cell 

proliferation and prevents cell 

differentiation. Therefore, targeting 

TOP2A with chemotherapeutic drugs 

could partially prevent the progression of 

ALL (16). Another study also reported that 

TOP2A gene expression was elevated in 

patients with newly diagnosed ALL, 

though this increase in expression was not 

observed in a small number of cases. 

Further studies showed that glucocorticoid 

resistance was observed in patients without 

increased TOP2A expression (17). 

Tamaichi et al. indicated that mutations in 

ataxia telangiectasia mutated (ATM) can 

be associated with reduced binding to 

TOP2A. This reduction is associated with 

the sensitivity of ALL cells to TOP2 

inhibitors. This sensitivity can be linked to 

mixed lineage leukemia (MLL) in patients. 

Conversely, the absence of mutations in 

ATM was associated with increased 

binding to TOP2A and its phosphorylation 

and ultimately insensitivity to TOP2 

inhibitors (18). On the other hand, it has 

been shown that increased TOP2A 

expression can be associated with drug 

resistance in patients (19). Raghidbaghan 

et al. showed that vincristine reduces 

TOP2A expression through apoptosis. 

Their evaluations revealed that TOP2A 

controls the cell cycle and proliferation of 

ALL cells through interaction with cyclin-

dependent kinase 1 (CDK1) (20). 

In general, evidence suggests that 

increased TOP2A expression in patients 

might be associated with cell proliferation 

and insensitivity to chemotherapy. 

Therefore, targeting TOP2A can prevent 

disease progression and improve the 

clinical conditions of patients. Regarding 

BUB1, previous studies have shown that 

its increased expression is associated with 

poor prognosis in ALL patients. 

Consequently, findings have indicated that 

increased BUB1 expression can be 

associated with a reduced response to 

chemotherapy in patients. BUB1 causes 

cell growth and proliferation and 

resistance to chemotherapy drugs by 

increasing the cell cycle rate (21, 22). On 

the other hand, it has been shown that 

BUB1 is a target of the transcription factor 

T cell leukemia homeobox 1 (TLX1), 

which increases its expression. Increased 

expression of BUB1 and TLX1 in ALL 

patients leads to elevated cell proliferation 

and the inhibition of cell differentiation 

Moreover, BUB1 has been shown to play a 

role in chromosome aberrations in ALL 

patients (24). 

BUB1 is a spindle assembly checkpoint 

(SAC) gene that accurately leads to 

chromosome fidelity and the distribution 

of chromosomes and attaches to 

kinetochores during mitosis. Kinetochores 

not correctly attached to microtubules 

recruit Cdc20-dependent inhibitors, 

including BUBR1, BUB1, BUB2, BUB3, 

Mad1, and Mad2, and suppress anaphase-

promoting complex (APC). Two cascades 

regulate APC: BUBR1-BUB3-Cdc20 and 

Mad2-Cdc20. During SAC arrest, Mad2, 

BUB3, and BUBR1 inhibit the APC/C 

pathway (25). If the BUB genes undergo 

mutations, improper distribution of 

chromosomes can cause aneuploidy in 

daughter cells (26, 27). It was shown that 

BUB genes can suppress B cells. BUB1 
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and BUB1B suppress immune responses 

by raising the secretion of the immune 

system's checkpoint molecules, which 

allows tumor cells to evade the immune 

system (28). 

 

Conclusion 
The findings suggest that BUB1, BUB1B, 

and TOP2A are significantly 

overexpressed in ALL cells and may play 

a role in the disease's pathogenesis. These 

genes warrant further investigation as 

potential biomarkers and prognostic 

indicators in ALL, especially in clinical 

patient cohorts. 

 

Data availability 
Data availability is the corresponding 

author's responsibility. 

 

Ethical Considerations 
Ethical code: IR.IUMS.REC.1402.179. 

 

Acknowledgments 
We wish to thank all our colleagues at 

Tehran University of Medical Science. 

During the preparation of this work the 

author(s) did not use AI. 

Authors’ Contributions 
Nastaran Khodakarim designed the study. 

Maedeh Mohammadi, Azadeh Fateh, 

Mahya Sadat Yassini, Samane Rezapour 

drafted the manuscript. Ali Asghar Kiani 

conducted the data analysis. Bahareh 

Shateri Amiri conduct data collection.  

 

Funding 
Not applicable. 

 

Conflict of Interest 
Not applicable. 

 

 

 

References 
1. Ekpa QL, Akahara PC, Anderson 

AM, Adekoya OO, Ajayi OO, Alabi PO, et 

al. A Review of Acute Lymphocytic 

Leukemia (ALL) in the pediatric 

population: Evaluating current trends and 

changes in guidelines in the past decade. 

Cureus 2023; 15(12):e49930-e49935. 

2. Inaba H, Mullighan CG. Pediatric 

acute lymphoblastic leukemia. 

Haematologica 2020; 105(11):2524-2525. 

3. Brown P, Inaba H, Annesley C, 

Beck J, Colace S, Dallas M, et al. Pediatric 

Acute Lymphoblastic Leukemia, Version 

2.2020, NCCN Clinical Practice 

Guidelines in Oncology. J Natl Compr 

Canc Netw 2020; 18(1):81-112.  

4. Bhojwani D, Yang JJ, Pui CH. 

Biology of childhood acute lymphoblastic 

leukemia. Pediatr Clin North Am 2015; 

62(1):47-60.  

5. Ahmadipour E, Lakkakula BVKS, 

Vahdani G, Tolouian R, Ragati Haghi H, 

Delgado D, et al. Understanding kidney 

injury in COVID-19; a pressing priority. J 

Nephropharmacol 2021; 10(2):e19-e20. 

6. Huang F-L, Liao E-C, Li C-L, Yen 

C-Y, Yu S-J. Pathogenesis of pediatric B-

cell acute lymphoblastic leukemia: 

Molecular pathways and disease 

treatments. Oncol Lett 2020; 20(1):448-

454. 

7. Sin CF, Man PM. Early T-Cell 

Precursor Acute Lymphoblastic Leukemia: 

diagnosis, updates in molecular 

pathogenesis, management, and novel 

Therapies. Front Oncol 2021; 

29(11):750789-750792. 

8. Rad HF, Karimi MS, Behfar M, 

Nazari A, Hassani N, Hasanvand A, et al. 

LncRNA Linc00261 sponge's miR-33-

regulated PI3-kinase in autism disorder. 

Gene Reports 2025; 38(1):102115-102118. 

9. Riyadh Abdulwahid A R, Mahdi M 

H, Shateri Amiri B, Koosehlar E, Kazemi 

N, Ghiasi F, et al. In silico analysis of 

genes and molecular pathways involved in 

the pathogenesis of follicular lymphoma. 

 [
 D

O
I:

 1
0.

18
50

2/
ijp

ho
.v

15
i3

.1
89

21
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ph

o.
ss

u.
ac

.ir
 o

n 
20

25
-1

2-
10

 ]
 

                             8 / 10

http://ethics.research.ac.ir/IR.IUMS.REC.1402.179
http://dx.doi.org/10.18502/ijpho.v15i3.18921
https://ijpho.ssu.ac.ir/article-1-917-en.html


The Evaluation of the Role of Several Genes (BUB1, BUB1B, and TOP2A) and the Related Signaling Pathway in the 

Pathogenesis of Acute Lymphocytic Leukemia (ALL): Combination of in Silico and Experimental Analysis 

 

562                                                                                  Iran J  Ped Hematol Oncol. 2025,  Vol 15, No 3, 554-563 
 

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 Unported License. 

 

Iran J Ped Hematol Oncol 2024; 

14(3):205-216.  

10. Bakhtiarizadeh MR, Mirzaei S, 

Norouzi M, Sheybani N, Vafaei Sadi MS. 

Identification of gene modules and Hub 

genes involved in mastitis development 

uing a systems bology approach. Front 

Genet 2020; 13(11):722-723. 

11. Adereh A, Amini P, Fateh A, 

Faghihkhorasani F, Khdakarim N, Marashi 

SM, et al. Loc646329 sponges miR-21 to 

reduce RAS/MAP kinase signaling 

pathway in oral squamous cell carcinoma 

(OSCC). Naunyn Schmiedebergs Arch 

Pharmacol 2024; 2(2):1-9. 

12. Yazdi M, Alaee M, Ahadi S, 

Khanicherag P, Ghayem E, Babadi GFG, 

et al. Therapeutic Potential of Alpha-

pinene in Breast Cancer: Targeting miR-21 

and PTEN gene expression: Alpha-pinene 

in breast Cancer: Targeting miR-21 and 

PTEN. Galen MED J 2024; 13(1): e3613-

e3613. 

13. Amiri BS, Sabernia N, Abouali B, 

Amini P, Rezaeeyan H. Evaluation of 

microRNA as minimal residual disease in 

Leukemia: Diagnostic and pognostic 

approach: A Review. Iran J Public Health 

2023; 52(12):2541-2553.  

14. Liu T, Zhang H, Yi S, Gu L, Zhou 

M. Mutual regulation of MDM4 and 

TOP2A in cancer cell proliferation. Mol 

Oncol 2019; 13(5):1047-1058. 

15. Carvalhal S, Bader I, Rooimans 

MA, Oostra AB, Balk JA, Feichtinger RG, 

et al. Biallelic BUB1 mutations cause 

microcephaly, developmental delay, and 

variable effects on cohesion and 

chromosome segregation. Sci Adv 2022; 

8(3): eabk0114- eabk0114. 

16. Ren Y, Liang H, Huang Y, Miao 

Y, Li R, Qiang J, et al. Key candidate 

genes and pathways in T lymphoblastic 

leukemia/lymphoma identified by 

bioinformatics and serological analyses. 

Front Immunol 2024; 23(15):1341255-

1341255.  

17. Guerin E, Entz-Werle N, Eyer D, 

Pencreac'h E, Schneider A, Falkenrodt A, 

et al. Modification of topoisomerase genes 

copy number in newly diagnosed 

childhood acute lymphoblastic leukemia. 

Leukemia 2003; 17(3):532-540. 

18. Tamaichi H, Sato M, Porter AC, 

Shimizu T, Mizutani S, Takagi M. Ataxia 

telangiectasia mutated-dependent 

regulation of topoisomerase II alpha 

expression and sensitivity to 

topoisomerase II inhibitor. Cancer Sci 

2013; 104(2):178-184. 

19. Oshima K, Zhao J, Pérez-Durán P, 

Brown JA, Patiño-Galindo JA, Chu T, et 

al. Mutational and functional genetics 

mapping of chemotherapy resistance 

mechanisms in relapsed acute 

lymphoblastic leukemia. Nat Cancer 2020; 

1(11):1113-1127.  

20. Rashidbaghan A, Mostafaie A, 

Yazdani Y, Mansouri K. More related 

gene pathways to vincristine-induced 

death events in a human T-acute 

lymphoblastic leukemia cell line. Rep 

Biochem Mol Biol 2022; 10(4):554-564.  

21. Leung W, Neale G, Behm F, 

Iyengar R, Finkelstein D, Kastan MB, et 

al. Deficient innate immunity, 

thymopoiesis, and gene expression 

response to radiation in survivors of 

childhood acute lymphoblastic leukemia. 

Cancer Epidemiol 2010; 34(3):303-308.  

22. Khayat Kashani HR, Alizadeh P, 

Salimi S, Habtemariam S, Khayatkashani 

M, Tewari D. Epidemiologic profile and 

outcome of primary pediatric brain tumors 

in Iran: retrospective study and literature 

review. Childs Nerv Syst 2022; 38(2):353-

360. 

23. Durinck K, Van Loocke W, Van 

der Meulen J, Van de Walle I, Ongenaert 

M, Rondou P, et al. Characterization of the 

genome-wide TLX1 binding profile in T-

cell acute lymphoblastic leukemia. 

Leukemia 2015; 29(12):2317-2327. 

24. Ghelli Luserna di Rorà A, 

Martinelli G, Simonetti G. The balance 

between mitotic death and mitotic slippage 

in acute leukemia: a new therapeutic 

 [
 D

O
I:

 1
0.

18
50

2/
ijp

ho
.v

15
i3

.1
89

21
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ph

o.
ss

u.
ac

.ir
 o

n 
20

25
-1

2-
10

 ]
 

                             9 / 10

http://dx.doi.org/10.18502/ijpho.v15i3.18921
https://ijpho.ssu.ac.ir/article-1-917-en.html


 

Mohammadi et al.  

 

Iran J  Ped Hematol Oncol. 2025,  Vol 15, No 3, 554-563                                                                                  563 

 
This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 Unported License.  

 

  

window? J Hematol Oncol 2019; 

12(1):123-127. 

25. Mondal G, Sengupta S, Panda CK, 

Gollin SM, Saunders WS, Roychoudhury 

S. Overexpression of Cdc20 leads to 

impairment of the spindle assembly 

checkpoint and aneuploidization in oral 

cancer. Carcinogenesis 2007; 28(1):81-92. 

26. Ru HY, Chen RL, Lu WC, Chen 

JH. hBUB1 defects in leukemia and 

lymphoma cells. Oncogene 2002; 

21(30):4673-4679. 

27. Bolanos-Garcia VM. BUB, mad 

and the mitotic spindle checkpoint control: 

new trends in checkpoint signalling.  New 

research on signal transduction: Nova 

Science Publishers New York 2007; 

11(2):1-36. 

28. Wang S, Liu X, Yang M, Yuan D, 

Ye K, Qu X, et al. BUBs are new 

biomarkers of promoting tumorigenesis 

and affecting prognosis in breast cancer. 

Dis Markers 2022; 21(2):2760432-

2760432.  

 

 [
 D

O
I:

 1
0.

18
50

2/
ijp

ho
.v

15
i3

.1
89

21
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ph

o.
ss

u.
ac

.ir
 o

n 
20

25
-1

2-
10

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://dx.doi.org/10.18502/ijpho.v15i3.18921
https://ijpho.ssu.ac.ir/article-1-917-en.html
http://www.tcpdf.org

