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Abstract

Introduction: Pulsed electric fields (PEFs) are applied to facilitate the transfer of various types of molecules,
such as pharmaceuticals, into living cells. In the present study effect of microsecond PEF on human medulloblastoma
cell line (D283Med cells) is investigated to find the crucial targeted genes. Methods: Gene expression profiles of
the human medulloblastoma (D283) cell line in response to microsecond PEF versus control are extracted from the
Gene Expression Omnibus (GEO) database. The samples are analyzed via the GEO2R program to find the significant
differentially expressed genes (DEGs). The significant DEGs were assessed via protein-protein interaction (PPI) network
using Cytoscape software and its applications. Results: Among 410 significant DEGs, 23 hubs and bottlenecks were
determined. A total number of seven hub-bottlenecks including MAPK3, KIT, APP, RUNX2, CXCR4, LMNA, and
BMP4 were pointed out as the crucial targets of microsecond PEF. MAPK3 and KIT were down-regulated while, APP,
RUNX2, CXCR4, LMNA, and BMP4 were up-regulated. Conclusion: It can be concluded that, down-regulation
of MAPK3 and KIT and up-regulation of BMP4 which are the consequence of microsecond PEF treatment inhibit
medulloblastoma. The results exhibited the significant role of MAPK3 in response to microsecond PEF treatment.
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Introduction

Various pulsed electric fields are a suitable tool to
facilitate the transfer of different type of molecules, such
as pharmaceuticals, into living cells [1]. Experiences
have shown that PEF-based technologies are able to treat
cancer. These methods in two ways can be used: first direct
biological effect of PEFs and the second; the cytotoxicity
of genes productions under effect of applied PEFs [2].
Tanori M et al. used microsecond pulsed electric fields
to explore the response of the human medulloblastoma
cell line (D283Med cells). Based on this investigation,

the applied specific pulse protocol irreversibly changed
membrane permeability and induced apoptosis in the
treated cells [3]. Stacey M et al. published data about
the effect of nanosecond PEFs on various human cell
lines. They have reported that chromosomal telomere
damage, nuclear membrane injury, and cell cytoskeleton
breakdown were happened in the treated cells [4].
Detection of the molecular mechanism of diseases and
therapeutic methods has gained significant reputation in
the control of diseases and disorders [5, 6]. Large-scale
tools, such as genomics and proteomics play a crucial
role to exploring the molecular mechanism of diseases.
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Zamanian—Azodi M et al. suggested a biomarker panel
for esophageal cancer via a proteomics method [7].
Abbaszadeh HA et al. investigated proteome alteration
of human gingival fibroblast cells in response to laser
radiation. They showed that the Er: YAG laser affected
cell cycle regulation of human gingival fibroblast cells
[8]. Due to the complexity of genomic data, using
bioinformatics for the interpretation of genomic findings
is a common manner [9, 10]. Protein-protein interaction
network analysis as a bioinformatics approach is a suitable
method to screen gene or protein sets [11]. Interacting
genes have a special position in the interactome. The
genes that connect to large numbers of neighbors are
known as hub genes. These hub genes play a critical role
in the network. The other central genes are bottleneck
genes; the genes that participate in many shortest paths.
The common hub and bottleneck genes are known as hub-
bottlenecks. It is reported that the hub-bottleneck genes
are the crucial nodes of the constructed network [12-14].
In the present study, gene expression alteration of the
human medulloblastoma (D283) cell line in response to
microsecond PEF is extracted from the GEO database.
Data are investigated via PPI network analysis to find
the crucial molecular events to evaluate the anticancer
property of the applied microsecond PEF on the treated
human cancer cell line.

Materials and Methods

Data collection

The Effect of a microsecond pulsed electric field on gene
expression of the human medulloblastoma (D283) cell line
was searched in the GEO database. GSE248601 (https://
www.ncbi.nlm.nih.gov/geo/geo2r/?acc=GSE248601)
was explored as a suitable source to be analyzed. The
medulloblastoma cells were exposed to 0.3 MV/m, 40
s, 5 pulses of microsecond pulsed electric field. Details
of methods are described in reports of Casciati A et al.
[15]. Total RNA of samples was extracted after 24 hours
from treatment using QIAzol and the miRNeasy Micro
Kit from Qiagen.

Pre-evaluation analysis: The gene expression profiles
were analyzed via GEO2R program to explore the
significant DEGs. Uniform Manifold Approximation and
Projection (UMAP) analysis was applied to compare the
similarity of samples. A similar pattern of gene expression
of samples was assessed via an Expression Density Plot.
The significant DEGs were identified based on an adjusted
p-value < 0.05. The genes IDs were decoded to official
gene symbols and the uncharacterized individuals were
ignored.

PPI network analysis: The significant DEGs were
imported in “protein query” of STRING database via
Cytoscape software v 3.7.2. To maximize interactions
between the nodes, a confidence score 0.2 was applied.
The PPI network was created via undirected edges and
was analyzed via “Network Analyzer” plugin. The hubs
of the main connected component of the PPI network
were identified based on degree value > (mean+2 standard
deviation) cutoff. The top Five percent of nodes, based on
betweenness centrality were selected as bottleneck genes.
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The common hub-bottleneck nodes were pointed out as
hub-bottlenecks. The hubs and bottleneck nodes were
included in CluePedia plugin to form a directed network
via Cytoscape software. The nodes were connected via
activation, inhibition, expression, catalysis, reaction, and
post translation modification actions. The hub-bottleneck
nodes that were included in the main connected component
of the directed PPI network were enriched for biological
processes via ClueGO application of Cytoscape software.

Statistical analysis: The significant DEGs were
selected based on an adjusted p-value < 0.05. The PPI
network was formed using a confidence score of 0.2.
The biological processes were determined based on
the following criteria: Kappa score threshold=0.4, term
p-value, term p-value corrected with the Bonferroni step-
down, group p-value, and group p-value corrected with
Bonferroni step- down less than 0.05. For further detail,
“Network specificity” was applied. Redundant groups
with more than 50% overlap were merged.

Results

To compare the gene expression profiles of the
samples UMAP plot (Figure 1) was illustrated. The treated
samples are completely separated from the controls. This
finding corresponds to the difference between the radiated
samples from control individuals. It can be expressed
that the treatment affected gene expression activity of the
cells. Similar patterns of gene expression in the treated
and untreated cells are shown in Figure 2. This finding
indicates that the gene expression profiles are comparable.

A total number of 410 significant DEGs were identified
for more analysis. The main connected component of
PPI network, including 402 nodes and 3,193 edges was
created. The central part of the main connected component
is illustrated in Figure 3. MAPK3, VEGFA, CAV1,
KIT, APP, RUNX2, CXCR4, KLF4, BMP4, LMNA,
HMOX1, VCL,ANXA1, RHOC, SPARC, and CSF1 were
determined as hub genes. MAPK3, VEGFA, APP, CAV1,
RUNX2, BRCA2, LMNA, PPARGCI1A, KIT, ASPM,
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Figure 1. UMAP Plot Presentation of Treated Samples
and the Controls Gene Expression Profiles. Each sample
is compared with 4 its neighbors.
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HMOX1, RHOC, ANXA1, TXNRD1, MERTK, BMP4,
TFRC, CXCR4, GAS7, and SPARC were introduced
as bottleneck DEGs. The list of hubs, bottlenecks, and
hub-bottleneck genes is presented in Table 1.

The directed PPI network is shown in the Figure 4.
As depicted in Figure 4, except CSF1, all element of the
main connected component (MAPK3, KIT, APP, RUNX2,
CXCR4, LMNA, BMP4, ANXAT1, SPARC) are hub-
bottleneck genes. These genes were enriched via gene

ontology to explore the related biological processes (see
Figure 5). As depicted in Figure 5, 7 groups of biological
processes are related to 7 hub-bottleneck of the main
connected component of the directed PPI network.

Discussion

Pre-evaluation analysis showed the applied PEF
effectively changed the gene expression profile of the
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Figure 2. Expression Density Plot Presentation of Treated Cells and the Controls Gene Expression Profiles

Table 1. List of Hubs, Bottleneck Nodes, and Hub-Bottleneck DEGs. The superscripted letters h and b are corresponded
to hub and bottleneck, respectively. the hub-bottleneck nodes are bold.

No. display name Degree Betweenness centrality Log (fold change)
1 MAPK3 115 0.083 -0.79
2 VEGFA 99 0.046 0.86
3 CAV1 76 0.036 -1.01
4 KIT 67 0.022 -1.04
5 APP 66 0.037 0.62
6 RUNX2 62 0.026 0.58
7 CXCR4 61 0.016 1.01
8 LMNA 55 0.024 1

9 BMP4 55 0.018 1.88
10 HMOX1 53 0.02 3.09
11 RHOC 50 0.02 0.43
12 ANXA1 50 0.02 5.1
13 SPARC 49 0.016 2
14 KLF4" 57 0.014 0.87
15 VCL® 53 0.015 0.51
16 CSF1* 46 0.006 1.54
17 PPARGCIAP 45 0.023 -0.7
18 TFRCP 45 0.017 0.61
19 BRCA2° 40 0.024 -0.75
20 TXNRDI® 40 0.019 0.57
21 ASPMP 36 0.021 -0.45
22 GAS7?* 34 0.016 1.25
23 MERTK" 33 0.019 0.74
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Figure 3. Central Part of the Main Connected Component of the Undirected PPI Network. The nodes are layout based

on degree value.
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Figure 4. Action Map of the Hub and Bottleneck Genes.
Blue yellow, red, pink, and green refer to reaction,
expression, catalysis, post translation modification, and
activation actions, respectively.

treated D283 Med cells. Human brain tissue includes a
large number of tissue-specific proteins and genes [16].
It seems that the results of gene expression profile change
of the exposed D283 Med cells to PEF are valid for the
other types of brain cancer. PPI network analysis and gene
ontology enrichment showed that MAPK3, KIT, APP,
RUNX2, CXCR4, LMNA, and BMP4 are the critically
affected genes. As depicted in Table 1, MAPK3 and KIT
are down-regulated while APP, RUNX2, CXCR4, LMNA,
and BMP4 are up-regulated.

Mitogen-activated protein kinase-3 (MAPK3) is the
top-ranked hub and bottleneck gene. It is down-regulated
in response to the applied PEF. MAPK is known as a
serine/threonine protein kinase which can be activated by
various extracellular signal including cytokines, chemical
and physical stress, and growth factors. It is associated
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Figure 5. Biological Processes Related to the Hub-
Bottleneck of the Main Connected Component of the
Directed PPI Network. The associate DEGs are labeled
in black.

with cell differentiation, proliferation, and transformation.
The role of MAPK in apoptosis, inflammation, and other
pathological and physiological processes in the body
is highlighted in literature [17]. An investigation by
MacDonald TJ et al. showed that a decrement of MAPK3
activation leads to inhibition of the metastatic potential of
Daoy medulloblastoma cells [18]. KIT proto-oncogene,
receptor tyrosine kinase (KIT), is another critical down-
regulated DEGs. Heinrich MC et al. have suggested the
KIT inhibition as a therapeutic method in the treatment
of kit-positive malignancies [19]. Based on Blom T et al.
investigation, co-amplification of platelet-derived growth
factor receptor alpha along with KIT can be considered as
a molecular biomarkers in medulloblastomas [20].
Amyloid-beta precursor protein (APP) is another
critical up-regulated DEGs in response to PEF treatment.
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APP is well-known associated gene with pathogenesis of
Alzheimer’s disease (AD) [21]. Wu Y et al. published
document about inhibition of cell proliferation via over-
expression of APP [22]. This finding was obtained via
performed gene expression profiling using a microarray
experiment in human cells. RUNX family transcription
factor 2 (RUNX2) is the fourth crucial up-regulated
DEGs. It is pointed out that RUNX2 plays significant role
in modulating chondrocyte and osteoblast differentiation
and hypertrophy [23]. RUNX2-mRNA levels were
explored in glioblastoma tissues by Yamada D et al. [24].
Based on this document RUNX2-mRNA levels were
higher in glioblastoma samples than the normal brains or
low-grade gliomas. It is suggested that RUNX2 protein
level is positively correlated with proliferative capacity
of the cells. CXC chemokine receptor-4 (CXCR4) is the
fifth key DEGs. Involvement of CXCR4 in hematopoiesis
and cell homing, cell migration, and retention in the bone
marrow is pointed out in literature [25]. Based on previous
studies, CXCR4 is over-expressed in ovarian cancer,
breast cancer, melanoma, small-cell lung cancer, brain
cancers, hepatocellular carcinoma, pancreatic cancer,
gastric and stomach cancers, and soft tissue sarcomas [26].

Prelamin-A/C (LMNA) is the sixth crucial DEGs.
A significant increase in LMNA levels in the brain of
Alzheimer disease patients was reported by Rosene MJ
et al. [27]. Published reports have shown the role of
LMNA in the progression and development of tumors
[28]. The last gene is bone morphogenetic protein 4
(BMP4). BMP4 belongs to TGF-f cytokines superfamily,
which is involved in cell differentiation, maturation and
proliferation [29]. Liu DD et al. showed the regulatory
effect of RUNX2 on osteoblast differentiation. This
process is demonstrated via the BMP4 signaling pathway
[30]. Eckhardt BL et al. investigation showed positive
role of BMP4 on metastasis block in breast cancer. Based
on this document BMP4 improves survival in patients
with breast cancer [31]. These assessments showed
that MAPK3 and KIT down-regulation and BMP4
up-regulation act as cancer-preventive events. While
the up-regulation of APP, RUNX2, CXCR4, and LMNA
can be considered as the side effects of PEF therapeutic
method.

In conclusion, the applied pulsed electric field inhibits
medulloblastoma via down-regulation of MAPK3 and
KIT, and up-regulation of BMP4. MAPK3 emerged as
the top-ranked hub and bottlenecks and its centrality
parameters showed considerable differences relative
to KIT and BMP4 (degree value of about two-fold
and betweenness centrality about four-fold). It can be
concluded that MAPK3 inhibition is the main tool to
suppress medulloblastoma.
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