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Abstract

Introduction: Genomics and bioinformatics are useful methods for exploring unclear aspects of
radiation effects on biological systems. Many radiation-induced alterations in irradiated samples are
post-radiation time-dependent. This study aims to evaluate the post-irradiation effects of the gamma
ray on human Jurkat cells.

Methods: Gene expression profiles of the samples harvested 6 and 24 hours after radiation to find
the critical differential expressed genes and the related pathways. Samples are provided from Gene
Expression Omnibus (GEO) and analyzed by ClueGO.

Results: Twnety-nine critical genes were determined as the important affected genes and 7 classes
of related pathways were introduced. CCNE2, PSMD11, CDC25C, ANAPC1, PLK1, AURKA, and
CCNB1 that were associated with more than 6 pathways were related to one of the determined
pathway groups.

Conclusion: Cell protecting pathways were associated with the genes (HSPA5, HSPA8, HSP90B1,
HMMR, CEBPB, RXRA, and PSMD11) which were related to the minimum numbers of pathways.
The finding of this study corresponds to repair processes which depend on post-radiation time. It
seems these sets of genes are suitable candidates for further investigation.

Introduction

It is reported that gamma radiation induces chromosomal
aberration and DNA damages in the exposed
samples.”” Genomics as a high-throughput method is
applied to discover the widespread aspect of gamma
irradiation effects on biological systems.>* Since the
bioinformatics approach is tied to the high-throughput
methods, bioinformatics plays a significant role in the
interpretation of results of gamma irradiation effects on
living organisms.”

Genomics as a method which studies the genome
is applied to investigate the dysregulated genes after
inducing alterations in internal or external conditions
of living samples. In such a study, the gene expression
profiles of samples are assessed to find the targeted genes.
Finally, different types of dysregulated genes with different
amounts of dysregulation are introduced.®” Like the other
large scale methods, large numbers of dysregulated genes
are determined in a genomics experiment. The study and
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evaluation of this gene set need powerful techniques such
as bioinformatics and its various branches.® '

The products of the genes play roles in the biochemical
pathways to maintain life hemostasis and health condition.
Alteration in the gene expression level leads to functional
changes in the related pathways, which is reflected in
the lifestyle of the treated sample.'"'* There are several
databases including different biochemical pathways
such as the KEGG database that is applied to analyze the
dysregulated pathways by many researchers.'*'* Rezaei-
Tavirani et al have introduced “Cytokine-Mediated
Signaling Pathway” as distinctive dysregulated biological
terms after skin laser therapy.”” Since the DNA repair
process after irradiation is an important parameter and
needs proper time to decrease damages,'® in the present
study, the gene expression profiles of irradiated cells by
gamma rays in 6 hours and 24 hours of “post-radiation
time” are studied to find the critical dysregulated genes
and biochemical pathways.
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Materials and Methods

The gene profiles of GSM2792818-20 from GSE104222/
GPL6480 in GEO, which were irradiated with 10 Gy y-ray
and harvested 6 hours after radiation, were selected as
controls. The gene expression profiles of the samples after
24 hours of radiation were assigned to compare.

The feasibility of the comparison of samples was
provided by the assessment of the studied gene expression
profiles via boxplot analysis by the GEO2R program.

Among 250 differential expressed genes (DEGs) , 190
characterized individuals were selected to be analyzed. A
P value < 0.001 and a fold change > 1.5 were considered
statistically significant. If there was more than one isomer,
the individual with the highest value of expression
was selected. Therefore, 177 DEGs were selected to be
analyzed in the next steps.

The related pathways for the 177 query DEGs were
investigated in Wiki Pathways, KEGG, and REACTOME
Pathways via ClueGO. The network specificity medium
and P value < 0.05 were considered to find the related
pathways. The pathways considering; term P value, term
P value corrected with Bonferroni step down, group P
value, and group P value corrected with Bonferroni step
down were less than 0.05. Kappa score = 7 was resulted.

Results

As it is shown in Figure 1, seven classes of pathways
including 31 pathways were related to 29 DEGs among the
177 query genes. The introduced pathways and the related
genes are shown in Table 1. As it is depicted in Table 1,
about 16% of genes among 177 query DEGs are related to
the identified pathways. The percentage of the associated
genes for each pathway is presented in this table. The
maximum percentage of associated genes (18.75%) is
attributed to (Polo-like kinase mediated events). Based on
the presence of an individual gene in several pathways, the
frequency of the associated pathways for the query DEGs
is calculated and presented in Table 2. CCNBI is related
to maximum pathways, while 11 DEGs are related to one
pathway. Since the identified pathways are classified in
the 7 groups of pathways, the associated pathway groups
for the involved query DEG are determined and shown in
Table 2. As shown in Table 2, there are several genes that
are common between the introduced pathway groups. For
better understanding, these genes and the related pathway
groups are presented schematically in Figure 2. The
pathways are split into 3 sets; individuals that are linked
to 3 genes including groups 5 and 6, groups 1, 3, and 7 that
are connected to two genes, and finally, pathway groups of
2 and 4 which are associated with one gene.

Discussion

Biological effects of gamma-ray radiation and human
health care have been investigated for many years and
useful information has been obtained but there are many
aspects about the mechanism of resulted damages and

also protective methods that are less clear by now.'”
19 In the present study, the effect of post-radiation time
on the gene expression profile of the exposure cells was
investigated. Like other high-throughput studies,*
gamma radiation widely changed the gene expression
profile of the irradiated cells so many different types
of genes were dysregulated. Bioinformatics as a useful
method is applied to resolve problems which are tied to
the complex data of high-throughput investigations.?>*
Thus, among the large numbers of dysregulated genes 177
DEGs were candidates to be assessed. Pathway analysis
is applied to screen and also elucidate the results of such
experiments, and findings are published to introduce the
limited numbers of important dysregulated genes and
critical affected pathways.?*?¢ In Figure 1, various types of
pathways which are related to the dysregulated genes are
presented. Further investigation is needed to explain the
details of Figure 2. As shown in Table 1, the determined
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Figure 1. Results of Pathway Analysis for the 177 Query DEGs.
Each color refers to an individual class of pathways.
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Figure 2. The genes that are common between the introduced
pathway groups and the related groups. Group size is proportional
to the number of pathways which are included in the group. The
groups of 5 and 6 are connected to 3 genes, while groups of 1, 3,
and 7 are related to two genes and groups of 2 and 4 were linked
by one DEGC.
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Table 1. Related Pathways for the 177 Query DEGs

Pathway

% AG Associated Genes Found

'Exercise-induced circadian regulation
2ECM-receptor interaction

’IL-17 signaling pathway

Synthesis of bile acids and bile salts

“Bile acid and bile salt metabolism

Regulation of HSF1-mediated heat shock response
*Parkin-Ubiquitin Proteasomal System pathway
®Unfolded protein response (UPR)

*Photodynamic therapy-induced unfolded protein response
°Prion disease pathway

"Cell cycle

’Oocyte meiosis

’p53 signaling pathway

"Progesterone-mediated oocyte maturation
’Polo-like kinase mediated events

’APC/C-mediated degradation of cell cycle proteins

’APC/C:Cdh1 mediated degradation of Cdc20 and other APC/C:Cdh1 targeted proteins

in late mitosis/early G1

"Regulation of APC/C activators between G1/S and early anaphase
7APC/C:Cdc20 mediated degradation of mitotic proteins
’Phosphorylation of the APC/C

7Activation of APC/C and APC/C:Cdc20 mediated degradation of mitotic proteins

’Condensation of Prophase Chromosomes

’Regulation of mitotic cell cycle

’TP53 Regulates Transcription of Cell Cycle Genes

’TP53 Regulates Transcription of Genes Involved in G2 Cell Cycle Arrest
"Cyclin A/B1/B2 associated events during G2/M transition

’G2/M DNA damage checkpoint

"The role of GTSET in G2/M progression after G2 checkpoint

"AURKA Activation by TPX2

’G1 to S cell cycle control

"DNA damage response

6.25 [CEBPB, DNAJAT, HSPAS]
4.88  [HMMR, SV2B, TNN, VWF]

430  [CEBPB, HSP9OB1, MAPK15, SRSF1]

8.82  [OSBPL1A, OSBPL6, RXRA]

6.98  [OSBPL1A, OSBPL6, RXRA]

441 [HSPA5, HSPA8, HSPH1]

429  [HSPA5, HSPA8, PSMD11]

4.08  [ATF3, CREBRF, HSP9OB1, HSPA5]

14.81  [ATF3, HSP9OB1, HSPAS5, TRIB3]

9.09  [HSP9OB1, HSPAS5, RXRA]

4.03  [ANAPCI, CCNB1, CCNE2, CDC25C, PLK1]

4.84  [ANAPCT, AURKA, CCNB1, CCNE2, CDC25C, PLK1]
5.88 [CCNB1, CCNE2, GTSET, SESN2]

5.05 [ANAPCT, AURKA, CCNB1, CDC25C, PLK1]

18.75 [CCNB1, CDC25C, PLK1]

5.81  [ANAPCT, AURKA, CCNB1, PLK1, PSMD11]

5.56  [ANAPCI1, AURKA, PLK1, PSMD11]

5.00 [ANAPCI1, CCNBT, PLK1, PSMD11]

4.00 [ANAPC1, CCNBT1, PSMD11]

15.79  [ANAPCI1, CCNBT1, PLK1]

5.26  [ANAPC1, CCNBT, PLK1, PSMD11]

4.05  [CCNBT, HISTIH2BD, PLK1]

5.81 [ANAPCI1, AURKA, CCNBT, PLK1, PSMD11]
8.16  [AURKA, CCNBT1, CCNE2, CDC25C]
16.67 [AURKA, CCNB1, CDC25C]

12.00 [CCNBT, CDC25C, PLK1]

4.21  [CCNBT, CDC25C, HISTTH2BD, RNF168]
5.13  [CCNBT, GTSE1, PLK1, PSMD11]

4.11  [AURKA, HMMR, PLK1]

4.41  [CCNBT, CCNE2, PRIMT1]

4.41  [CCNBT, CCNE2, CDC25C]

Note: Pathways are extracted from Wiki Pathways, KEGG, and REACTOME Pathways. Term P value, term P value corrected with Bonferroni step down, group P
value, and group P value corrected with Bonferroni step-down were less than 0.05. %AG refers to %associated genes. The superscript numbers in column 1 is

an indicator of group number.

pathways are classified into 7 pathway groups. The groups
are different based on the kind of included pathways and
also the number of pathways. “Polo-like kinase mediated
events” is the main group which includes 21 pathways
(about 72% of total pathways), while there are three
groups (groups 1-3) that include only one pathway.

As it is depicted in Table 2, only 16% (29 DEGs) of
the query genes are involved in the introduced pathways.
Based on the attribution of DEGs in the pathways, the
genes can be categorized as the following groups: first,
based on the involvement of genes in the pathway groups,
the genes that are presented merely in one group and the
DEGs which are common between more than one groups;
second, based on the number of related pathways for the

genes, the genes with a high value of associated pathways
and the genes with few relevant pathways.

As shown in Table 2, 11 genes (about 38% of the genes)
are related to one pathway while 7 individuals are related
to 2 pathways. There are 3 related pathways for two genes
and also 4 pathways are attributed to 2 DEGs. The genes
that are involved in more than 6 pathways including
CCNE2, PSMD11, CDC25C, ANAPCI1, PLK1, AURKA,
and CCNBI are the genes that were associated merely
with class 7 of the pathways (Polo-like kinase mediated
events).

It can be concluded that the main group of pathways
is “Polo-like kinase mediated events” that includes
72% of pathways and the genes with a higher degree of
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Table 2. Frequency of Associated Pathways and Pathway Groups for Certain DEGs

R Gene Description NAT AGN
1 CEBPB CCAAT/enhancer binding protein beta 2 1,3
2 DNAJAT DnaJ heat shock protein family (Hsp40) member A1 1 1
3 HSPH1 heat shock protein family H (Hsp110) member 1 1 5
4 HSPA5 heat shock protein family A (Hsp70) member 5 4 5,6
5 HSPA8 heat shock protein family A (Hsp70) member 8 3 1,5
6 HSP90B1 heat shock protein 90 beta family member 1 4 3,6
7 HMMR hyaluronan mediated motility receptor 2 7,2
8 SV2B synaptic vesicle glycoprotein 2B 1 2
9 TNN tenascin N 1 2
10 VWF von Willebrand factor 1 2
11 MAPK15 mitogen-activated protein kinase 15 1 3
12 SRSF1 serine and arginine rich splicing factor 1 1 3
13 OSBPL1A oxysterol binding protein like TA 2 4
14 OSBPL6 oxysterol binding protein like 6 2 4
15 RXRA retinoid X receptor alpha 3 4,6
16 PSMD11 proteasome 26S subunit, non-ATPase 11 8 57
17 ATF3 activating transcription factor 3 2 6
18 CREBRF CREB3 regulatory factor 1 6
19 ANAPC1 anaphase promoting complex subunit 1 10 7
20 CCNBI1 cyclin B1 19 7
21 CCNE2 cyclin E2 6 7
22 CDC25C cell division cycle 25C 9 7
23 PLK1 polo like kinase 1 14 7
24 AURKA aurora kinase A 8 7
25 GTSE1 G2 and S-phase expressed 1 2 7
26 SESN2 Sestrin 2 1 7
27 HIST1H2BD histone cluster 1, H2bd 2 7
28 PRIM1 primase (DNA) subunit 1 1 7
29 RNF168 ring finger protein 168 1 7

Note: NAT and AGN refer to “number of the associated term” and “associated group number” respectively.

participation in the pathway are related to this pathway
class. The significant roles of cyclins such as CCNE2 and
CCNBI in the regulation of the cell cycle are highlighted in
the many investigations.”** Roles of PSMD11, CDC25C,
ANAPCI, and PLK1 in the cell cycle and response to
DNA damages are highlighted by Torres-Avila et al.*
Medina-Aguilar et al published a document about the
role of AURKA (Aurora kinase A) in the regulation of
the cell cycle.” It seems that pathway group 7 is tied to
the regulation of the cell cycle and cell proliferation. This
finding corresponds with the nature of gamma exposure.

Considering Figure 2, seven important genes are
introduced as a linker between the 7 pathway groups.
HSPA5, HSPAS, HSP90B1, HMMR, CEBPB, RXRA, and
PSMD11 are the genes that connect all the pathway groups.
It can be concluded that all groups are connected directly
or indirectly to each other. HSPA5, HSPAS8, HSP90BI,
RXRA, and PSMD11 are down-regulated while HMMR

and CEBPB are up-regulated (the data are not shown).
HMMR links groups 2 (ECM-receptor interaction) and 7.
The up-regulation of genes which are involved in “ECM-
receptor interaction” in adipocytes that are active mainly
in energy storage is confirmed by Hyun-Jeong Lee et al.*
It seems the activation of this pathway is a protective
response of cells against gamma exposure. “Exercise-
induced Circadian Regulation” and “IL-17 signaling
pathway” are connected by CEBPB. The up-regulation of
CEBPB and the promotion of related functions increase
the roles of these pathways in the protection of cells in the
irradiated cells.

Conclusion

In conclusion, 29 critical genes were introduced as the
dysregulated individuals by gamma-ray irradiation that
is related to the lacks in the pathways which are mainly
involved in cell proliferation and activation of protective
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pathways. It seems that the activation of protective
pathways is supported in the cells with longer post-
radiation time.
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