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Abstract

Background: Acute lymphoblastic leukemia (ALL) is among the most common
cancers in children, which leads to the death of many patients. ALL patients include new
cases and the relapsed ones. The common genes between these two conditions can largely
help in managing patients and preventing future relapses. Therefore, this study
investigated the genes and molecular pathways between the two conditions using
bioinformatics.

Materials and Methods: In this bioinformatic study, GSE102301 database was used.
After determining differentially expressed genes (DEGS), gene ontology (GO) and the
related Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways were analyzed
(using GeneCodis4 software). Interactions between proteins were evaluated using
STRING database and hub genes were identified based on the highest score. Finally,
ROC curve analysis was used to determine the diagnostic value of hub genes.

Results: Based on the interaction between DEGs, 10 genes were selected as hubs,
which included WDR75, MYBBP1A, DDX10, URB1, HEATR1, NOP14, PUMS3,
VARS], EARS2 and SYK |logFC| > 1 and p < 0.05. The results showed that all the hub
genes had diagnostic value (AUC=L1).

Conclusion: Hub genes identified through bioinformatics analyses may serve as
potential biomarkers; however, future studies need to examine these genes in clinical
settings among the patients.
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Introduction

Acute lymphoblastic leukemia (ALL) is one of
the most common cancers in children, which has
high mortality rate (1, 2). The average age of ALL
diagnosis in patients is 15 years old. ALL is
characterized by uncontrolled proliferation of
immature lymphoid cells in bone marrow and
peripheral blood (3). In this malignancy, the
function and development of blood lymphocytes
are disturbed. According to the statistical
evidence, 6000 new cases are diagnosed annually
and 1500 people die from the disease per year (1,
4).

ALL includes two groups of patients: 1-
Patients who have recently been diagnosed with
ALL and are so-called newly diagnosed; and 2-
Patients who have been previously diagnosed and
have undergone treatment; however, the disease
has relapsed. Treatment strategies are different for
each group of patients (5). For this purpose,
treatment protocols are designed based on the
patient's history, clinical symptoms, severity of the
disease and response to the treatment. In addition,
treatment strategies are determined in many cases
based on the pathogenesis of the disease. Genes
and molecular pathways in the category of
hereditary factors are identified as factors of the
pathogenesis of ALL. Recent diagnostic
approaches have shown that changes in gene
expression differ between newly diagnosed and
relapsed patients. Therefore, their determination
and differentiation can be helpful in better
management of these patients (6-8).

Bioinformatics approaches are among the
methods used nowadays to identify genes and
molecular pathways in various diseases.
Differentiating genes in newly diagnosed and
relapsed cases can help in applying strategies for
patient management. In ALL, this distinction has
been made through bioinformatics approaches to
a limited extent, so we investigated the issue in
this study.

Material and Methods
Characteristic of data

In this study, the database (GSE102301)
extracted from Gene Expression Omnibus (GEO)
was used. The platform of GSE102301 was
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GPL16791 Illumina HiSeq 2500 (Homo sapiens).
The samples in this database included 3 newly
diagnosed ALL samples and 4 relapsed ALL
samples. In our study, differentially expressed
genes (DEGSs) were identified using the Limma
package, with selection criteria set at |logFC| > 1
and p < 0.05 (9). Limma employs an empirical
Bayes approach to moderate variance estimates,
which enhanced statistical reliability.
GO and KEGG pathways

GeneCodis4 software was used for gene
ontology (GO) analysis related to DEGs. For this
purpose, molecular functions (MF), cellular
components (CC) and biological process (BP)
factors related to DEGs were identified. Also,
GeneCodis4 software was used to analyze the
Kyoto Encyclopedia of Genes and Genomes
(KEGG) and determine the related molecular
pathways. p<0.05 was determined as a significant
level for the analyses.
Designing the protein-protein interaction

Protein-protein interaction (PPI) was used to
evaluate the interaction and network between
proteins and DEGs. STRING database was used
to design and specify the interaction between
proteins. For PPI analysis, minimum required
interaction score of >0.4 was used. Cytoscape
software was used to observe these interactions.
ROC curve analysis

The diagnostic value of hub genes was
evaluated using receiver operating characteristic
(ROC) and area under the curve (AUC) analyses.
The criteria used for evaluation were ROC and
AUC > 0.90, at p-value < 0.05.

Results
Identifying DEGs

In this study, 72 DEGs were identified in
relapsed ALL compared to the newly diagnosed
subjects. Out of 72 DEGs, 35 genes were up-
regulated and 37 genes were down-regulated. The
list of DEGs and additional information is shown
in Figure 1.
GO and KEGG enrichment analyses

The results showed that, in the BP category, the
genes were mainly involved in processes such as
DNA repair, positive regulation of transcription
by RNA polymerase | and de novo biosynthetic
processes of XMP, AMP and IMP.
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In the MF category, they were primarily
involved in ATP binding, aminoacyl-tRNA ligase
activity and G-quadruplex DNA binding. In the
CC category, they were mainly enriched in the
nucleoplasm, nucleolus and 90S preribosome. In
the KEGG pathway analysis, they were
predominantly involved in aminoacyl-tRNA
biosynthesis, cellular senescence and Fc gamma
R-mediated phagocytosis (Figure 2 and 3).
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Designing the PPI network and identifying hub
genes

PPI of DEGs was evaluated based on STRING.
The results showed that the total nodes and edges
in PPl were 56 and 88, respectively. Based on the
interaction between DEGs, 10 genes were selected
as hub genes, including WDR75, MYBBP1A,
DDX10, URB1, HEATR1, NOP14, PUMS3,
VARS1, EARS2 and SYK (Figure 4).
Results of ROC curve analysis

Based on the analyses, the results showed that
all 10 hub genes had AUC=1. Therefore, all the
hub genes had a diagnostic value (Figure 5).

1
1
1
1 ° Significance
1
1 e Down
:.o ° Non-si
on-sig
':o ° U
. p
"
u.V =
______ - % Sl WL, N

2

Figure 1. Volcano plot of differentially expressed genes. This figure shows DEGs which are up- or down-regulated
as well as the non-significance between newly diagnosed and relapsed patients.
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Figure 2. Gene ontology-related DEGs: A: Biological process, B: Cellular component, C: Molecular function. The
colors are determined based on the number of genes involved in each pathway, with increasing the number of genes
elevating the color intensity, while decreasing color intensity indicating a lower number of genes in each pathway.
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Figure 3. KEGG analysis of DEGs. The KEGG mostly involved in phagocytosis, biosynthesis and cellular senescence.
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Figure 4. Protein-protein interaction (PPI) between DEGs.
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Figure 5. ROC curve analysis for evaluating survival of patients. The results showed that all hub genes had

AUC=1.
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Discussion

In this study, the main genes, the expression of
which was altered among newly diagnosed and
relapsed ALL patients, included WDRY75,
MYBBP1A, DDX10, URB1, HEATR1, NOP14,
PUM3, VARS1, EARS2 and SYK. In other
words, these genes were shown to have a major
role as hub genes in ALL.

The results demonstrated that WDR?75 had the
highest score among the hub genes. Previous
studies have shown that the WDR gene family
plays an important role in the pathogenesis of
malignancies. Moreover, WDR can act as an
oncogene in solid tumors, including colorectal
and bladder, and cause cell proliferation (10, 11).
Based on the role of WDR75, this gene is likely
to play a role in the occurrence and recurrence of
ALL because, in addition to affecting malignant
cells, it prevents their apoptosis. Therefore, its
targeting could be a therapeutic approach for
managing patients.

MYBBP1A was another gene that was shown
to be altered in expression among newly
diagnosed and relapsed ALL patients. Previous
evidence has shown that MYBBP1A is involved
in asparagine metabolism. The breakdown of
asparagine to aspartic acid and ammonia may be
required for the cell cycle. Previous evidence has
also demonstrated that mutations in MYBBP1A
can confer resistance to asparaginase, a treatment
strategy for ALL patients (12, 13). In addition, the
increased expression of MYBBP1A in ALL
patients can significantly increase the risk of
thrombosis in patients (14). According to the
literature, that uncontrolled asparagine levels can
increase the risk of relapse in patients. Therefore,
the MYBBP1A genecould play a significant role
in ALL relapse (15).

DDX10 was another gene identified as a hub
gene in this study. Evidence suggests that
DDX10 is involved in T-cell differentiation. The
NUP98-DDX10 fusion can promote the
proliferation of human CD34+ cells and prevent
their differentiation (16). In other words, this
fusion causes leukemogenesis (17). Therefore,
DDX10 could play a more prominent role in
disease recurrence because if it is not targeted,
recurrence and progression will occur.
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URB1 also plays a role similar to DDX10.
Decreased expression of URB1 can lead to
decreased numbers of HSCs and, ultimately,
reduced differentiation of T-cells. Further
evaluations have shown that URB1 is the
downstream of mTOR. Therefore, impaired URB1
function can be associated with decreased
proliferation of HSCs and, ultimately, reduced
differentiation of T-cells (18, 19). On the other
hand, NOP14 can play a role in the biogenesis of
ribosomal components, including URBL. Evidence
suggests that NOP14 increases the proliferation of
ALL cells and their resistance to rapamycin
through the MTOR/AKT/ERK pathway (20).
PUM3 was another hub gene that scored highly in
this study. The PUM family is a group of genes that
play a role in the pathogenesis of cancers,
especially ALL. Bai et al. showed that PUM3
expression increased in ALL patients compared to
controls. They also demonstrated that increased
PUMS3 expression in patients could be associated
with poor prognosis. In other words, PUM3 was an
oncogene associated with  malignant cell
proliferation (21). Other works have shown the
PUM family controls the cell cycle and growth of
malignant cells by regulating the expression of
FOXP1/p21/p27 (22).

Given that PUM3 can be a regulator of URB1
and cause proliferation and self-renewal of cancer
stem cells, its activity can cause relapse despite
disease improvement.

Thandapani et al. represented that VARS1 gene
expression increased in T-ALL samples. VARS1
causes the production of valine tRNAs which itself
cause the assembly of complex I through the
consumption of the amino acid valine. The
assembly of complex | leads to mitochondrial
synthesis and increased oxidative phosphorylation
and cellular respiration. These factors lead to the
proliferation of T-ALL cells. Therefore, targeting
VARSL or reducing the consumption of valine-
containing foods could disrupt the assembly of
complex I and prevent cell proliferation. Therefore,
this gene seems to play a greater role in newly
diagnosed patients (23).

This study has certain limitations; it is entirely
based on publicly available RNA-seq data and
relies solely on bioinformatics analyses. Therefore,
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experimental validation could further strengthen
the findings. Since the dataset corresponds to the
relapsed form of the disease, the number of
available samples is limited. Conducting similar
analyses with a larger sample size in future
studies could enhance the reliability and
robustness of the results.

Conclusion

The results of bioinformatics analysis
showed that ten genes including WDR75,
MYBBP1A, DDX10, URB1, HEATRIL,
NOP14, PUM3, VARS1, EARS2 and SYK
could play a significant role as hub genes in
patients with new diagnosis or relapse of ALL.
However, future works need to evaluate the
role of these genes in patients in clinical
settings.
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