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Abstract
Introduction: Conventional fractionation (CF) and hypofractionation (HF) are two radiotherapy
methods against cancer, which are applied in medicine. Understanding the efficacy and molecular
mechanism of the two methods implies more investigations. In the present study, proteomic findings
about the mentioned methods relative to the controls were analyzed via network analysis.
Methods: The significant differentially expressed proteins (DEPs) of prostate cancer (PCa) cell
’;cce.pled: August 4, 2022 line DU145 in response to CF and HF radiation therapy versus controls were extracted from the
ublished online September 23, . X . X X
2022 literature. The protein-protein interaction (PPI) networks were constructed via the STRING database
via Cytoscape software. The networks were analyzed by “NetworkAnalyzer” to determine hub DEPs.
Results: 126 and 63 significant DEPs were identified for treated DU145 with CF and HF radiation
respectively. The PPl networks were constructed by the queried DEPs plus 100 first neighbors. ALB,
CD44, THBST, EPCAM, F2, KRT19, and MCAM were highlighted as common hubs. VTM, OCLN,
HSPB1, FLNA, AHSG, and SERPINCT appeared as the discriminator hub between the studied cells.
Conclusion: 70% of the hubs were common between CF and HF conditions, and they induced
radio-resistance activity in the survived cells. Six central proteins which discriminate the function of
the two groups of the irradiated cells were introduced. On the basis of these findings, it seems that
DU145-CF cells, relative to the DU145-UF cells, are more radio-resistant.
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Introduction
Radiation therapy is an effective method against cancer
development, and it also inhibits various types of
cancers.' There are optimized protocols for the doses and
processes of radiation application. High dose radiation
and hypofractionation (HF) are known as effective
radiotherapy methods. The lower dose and elongated
fractionation are characterized by lower values of
effectiveness. In the case of resistant cancers, higher dose
radiation and a few repetitions is recommended.
Utilizing an optimized method of radiation therapy
is a goal in the treatment of cancers. Therefore, the
understanding of body response to different types of
radiation therapy is investigated widely by researchers.?
The efforts via studying the cellular response to

radiation indicate that different methods of radiation are
accompanied by various patterns of gene expression and
proteome changes.*” Different types of targeted proteins
and protein level changes may imply a gross alteration in
biological functions. Since such alterations are associated
with the dysregulation of large numbers of proteins,
proteomics is a suitable method for exploring molecular
events. Many proteomic investigations about the
mechanism of radiation therapy are administrated, and
the findings have led to approving radiation therapy.®”
Since the output of proteomics includes large numbers
of dysregulated proteins, bioinformatics can analyze the
finding to explore the core of alterations.* In protein-
protein interaction (PPI) network analysis, the studied
proteins connect to each other to form a network.
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Each protein plays an almost unique role in network
construction. The central proteins play critical roles in
network creation.'’ The proteins that make higher values
of connection with the first neighbors in the network are
known as hubs. It is accepted that the hub nodes that
are involved in the affected biological functions are the
key elements of the network. Several investigations have
shown that network analysis and interpretation of the
related hubs are applied in the radiation field.'"'

In the present study, the proteomes of prostate cancer
(PCa) cell line DU145 which are radiated by two methods
(conventional fractionation [CF] and HF radiation)
relative to the parental cells in the absence of radiation
published by Kurganovs et al”® are analyzed via PPI
network analysis.

Methods

Conventional fractional (CF) radiation therapy is a
method in which patients with PCa receive 1.8-2 Gy
per fraction daily over several weeks. In the case of HF
radiation therapy, a radiation dose>2 Gy per fraction
is applied. PCa cell line DU145 was selected to find the
cell response to CF radiation therapy versus HF radiation
therapy. To create HF cells (DU145-HF), the DU145
cells were treated with 10 Gy daily for five fractions
over several weeks.!* The CF cells (DU145-CF) were the
parental DU145 cells that were exposed to 2 Gy dose daily
for 5 days per week followed by a 7- to 10-day recovery.
This process was repeated 59 times.'* As it is investigated
by Kurganovs et al, the proteomes of DU145-CF and
DU145-UF cells are different from the proteome of
parental cells (DU145-PAR)."

In the present analysis, the proteomic findings of
Kurganovs et al were used to analyze differences between
the proteomes of DU145-CF and DU145-UF cells
relative to DU145-PAR cells. Among the dysregulated
proteins, the individuals which were characterized by
1.5<Fold change (FC) < (-1.5) were selected as significant
differentially expressed proteins (DEPs).

The significant DEPs were included in the STRING
database from “protein query” via Cytoscape software.
The PPI network was created via undirected edges. Due
to poor connections between the nodes of the network,
the proper number of first neighbors from the STRING
database was added to the queried DEPs and the networks
were reconstructed. The networks were analyzed by the
“NetworkAnalyzer” application of Cytoscape software to
explore the central nodes. 10 top nodes of queried DEPs based
on the degree value for each network were identified as hubs.
The hubs of the networks were compared and discussed.

Results

One hundred twenty-six and 63 significant DEPs were
identified for DUI145-CF versus DUI145-PAR and
DU145-HF versus DU145-PAR analyses respectively (see

Figure 1).

Among the 126 significant DEPs of DU145-CF cells,
122 ones were recognized by the STRING database. To
decrease the number of isolated nodes and to maximize
interactions, 100 first neighbors were added to the queried
proteins. The network including 17 isolated proteins, 2
paired nodes, and a main connected component counting
201 individuals (101 queried proteins and 100 added first
neighbors) was formed.

Of the 63 queried proteins related to the analysis of
DU145-HF, 61 individuals were recognized by STRING.
After adding 100 first neighbors from the STRING
database, a network including 11 isolated proteins, 1
paired nodes, and a main connected component of 148
nodes (100 first neighbors plus 48 queried DEPs) was
constructed.

The hub nodes of the constructed networks were
determined. As it is shown in Table 1, 70% of the hubs
of the two networks are similar. The similar hubs are
ALB, CD44, THBS1, EPCAM, F2, KRT19, and MCAM.
VTM, OCLN, HSPB1, FLNA, AHSG, and SERPINCI1
discriminate the two networks. Fold changes of the hub
nodes are shown in Table 2.

Discussion

Kurganovs et al focused on the role of CD44 as a
radioresistant agent in an original investigation.”® Here,
seven common dysregulated central proteins that are
involved in radiation resistance activity, including ALB,
CD44, THBS1, EPCAM, F2, and KRT19, are highlighted.
Albumin as the powerful hub node is a housekeeping
protein that is involved in many critical activities in cell
function. Considering the role of albumin in optimizing
body hemostasis,” it seems that its upregulation may be
a detoxification role against a non-hemostatic condition
after radiation therapy.

Thrombospondin 1 (THBS1) is another hub protein
that is highlighted in our analysis. This up-regulated
protein plays a role as an angiogenesis inhibitor. It is
reported that the decreased level of THBSI is associated
with the progress of cancer.'*It can be concluded that the
upregulation of THBSI is a part of anticancer activity in
the radiated cells.

The epithelial cellular adhesion molecule (EPCAM) is
the fourth common hub that was introduced in the present
analysis. Mal A et al. have published a document about
the overexpression of EPCAM which is associated with
a higher degree of cellular plasticity and heterogeneity
that encourages the radioresistant performance of cancer
cells.'” As it is depicted in Table 2, EPCAM is down-
regulated in the two methods of radiation. Therefore, the
expression change of EPCAM cannot be considered a
radioresistant activity in the radiated cells.

Another common hub is prothrombin or coagulation
factor II (F2) which is up-regulated in both irradiated cells.
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Figure 1. Fold Change Alteration for Significant Dysregulated Proteins (1.5 <FC<(-1.5)) of DU145-HF Cells Relative to the DU145-PAR Cells (Orange Curve)
and DU145-CF Cells Versus DU145-PAR Cells (Blue Curve). The analyzed protein is presented as a number based on its ranked FC

Table 1. List of Hub Nodes of the Two Networks (Networks of DU145-CF
and DU145-HF Cells)

Query Term D?;g 5. HE gS%Tse-glF DUI:E: HEF Bg;:,zu::: .
Network Network Network

ALB 102 105 0.036 0.022
CD44 87 92 0.008 0.018
THBS1 72 70 0.006 0.002
VTN - 70 - 0.007
EPCAM 55 56 0.008 0.006
OCLN - 54 - 0.004
F2 49 47 0.004 0.003
KRT19 48 44 0.001 0.003
HSPB1 - 44 - 0.002
MCAM 43 38 0.001 0.000
FLNA 40 - 0.006 -
AHSG 38 - 0.005 -
SERPINC1 37 - 0.002 -

Note: The common hubs are bold. VTN, OCLN, and HSPB1 are the hubs
of DU145-CF and FLNA; AHSG, and SERPINCT1 are hub nodes of DU145-
HF cells and do not appear as common hubs. BC is the abbreviation of
betweenness centrality.

As it is reported, impairment of coagulation hemostatic
may happen after preoperative irradiation.’® Keratinl9
(KRT19) is the sixth common hub node. An investigation
indicates that the expression of KRT19 is correlated
to the poor overall survival of breast cancer patients."”
The last common hub is the melanoma cell adhesion
molecule (MCAM) which is up-regulated in both studied
cells. Evidence indicates that MCAM overexpression
can promote the tumorigenicity of human osteoblastic
PCa cells. The initiation of metastasis in breast cancer is

Table 2. Fold Changes of the Hub Node for DU145-CF and DU145-HF Cells

Query Term FC for DU145-CF Cells FC for DU145-HF Cells
ALB 2.6 2
CD44 2.3 1.9
THBS1 2.5 1.6
VTN 6.3 -
EPCAM -2.3 -1.7
OCIN -1.8 -
F2 4.6 3.1
KRT19 -1.8 -1.6
HSPB1 -2 -2.4
MCAM 2.6 2.3
FLNA - 2.7
AHSG 3.8 2.9
SERPINCI1 2.8 1.8

Note: If (-1.5)<FC<1.5, the value was presented as (-).

attributed to the MCAM.” It seems that the up-regulation
of the MCAM can lead to the promotion of cancer and an
increase in radiation resistance activity in the treated cells.

Vitronectin (VIN), occludin (OCLN), and heat shock
protein Bl (HSPBI1) are the hubs of DU145-CF cells
that do not appear as hubs in the network of DU145-HF
cells. As it is shown in Table 2, VIN is up-regulated with
FC=6.3. On the basis of the literature, the amplified level
of VTN in breast cancer patients is associated with a poor
survival rate relative to the patients without an amplified
level of VIN.?! Evidence indicates that irradiation up-
regulates VIN in the treated mice, which is accompanied
by increased lung fibrosis.”> OCLN is a down-regulated
hub in the DU145-CF cells network. It is reported
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that occludin and claudin-1 as tight junction marker
proteins are overexpressed in response to conventional
fractionated radiation in the course of 2 weeks of
fractionation.” In the original research, this hub protein
is down-regulated. Different outcomes of experiments
may be related to the samples (mice oral mucosa versus
cell line). HSPBI is another downregulated hub whose
upregulation was highlighted as a radioresistant agent.**
Since HSPB1 was down-regulated in the DU145-CF cells,
it can be concluded that the mentioned cells are radio
sensitive considering the function of HSPBI.

Filamin A (FLNA), alpha 2-HS glycoprotein (AHSG),
and alpha-1 antitrypsin (SERPINCI1) are the three hubs
of the DU145-HF cells network that are not pointed as
hubs in the DU145-CF cells network. On the basis of
previous investigations, the radio-sensitization effect
of curcumin on bladder cancer is mediated by FLNA.»
Therefore, FLNA down-regulation can be interpreted
as an increasing mode in the radio-resistance activity
of the treated cells. AHSG, another upregulated hub, is
highlighted in the report of Arjmand et al*® about the
deregulation of AHSG and SERPINA1 in response to low-
level laser radiation. SERPINCI, the third up-regulated
hub protein, was down-regulated in the serum of an
irradiated rat by low-level laser radiation.” Like FLNA,
the expression change of SERPINCI in the cell line and
rat serum follows the opposite direction.

Conclusion

The findings indicate that 70% of central deregulated
proteins in the DU145 cells under CF and HF radiation
are similar and induce radio-resistance activity in the
survived cells. This effect is controlled by ALB, CD44,
THBS1, EPCAM, F2, KRT19, and MCAM. The function
of six central proteins (MCAM, VTM, OCLN, HSPBI,
FLNA, AHSG, and SERPINCI1) discriminates the destiny
of the two groups of irradiated cells. Based on these
findings, it seems that DU145-CF cells are more radio-
resistant relative to the DU145-UF cells.

Ethical Considerations
Not applicable.

Conflict of Interests
The authors declare that they have no conflict of interest.

References

1. Baskar R, Lee KA, Yeo R, Yeoh KW. Cancer and radiation
therapy: current advances and future directions. Int ] Med Sci.
2012;9(3):193-9. doi: 10.7150/ijms.3635.

2. Zemplenyi AT, Kalo Z, Kovacs G, Farkas R, Be6the T, Banyai D,
Sebestyén Z, Endrei D, Boncz |, Mangel L. Cost-effectiveness
analysis of intensity-modulated radiation therapy with
normal and hypofractionated schemes for the treatment of
localised prostate cancer. European Journal of Cancer Care.
2018;27(1):212430. doi: 10.1111/ecc.12430.

3. Li H, Galperin-Aizenberg M, Pryma D, Simone CB, 2nd,
Fan Y. Unsupervised machine learning of radiomic features

for predicting treatment response and overall survival of
early stage non-small cell lung cancer patients treated
with stereotactic body radiation therapy. Radiother Oncol.
2018;129(2):218-26. doi: 10.1016/j.radonc.2018.06.025.
Fan PC, Zhang Y, Wang Y, Wei W, Zhou YX, Xie Y, et al.
Quantitative proteomics reveals mitochondrial respiratory
chain as a dominant target for carbon ion radiation: delayed
reactive oxygen species generation caused DNA damage.
Free Radic Biol Med. 2019;130:436-45. doi: 10.1016/j.
freeradbiomed.2018.10.449.

Li Z, Li N, Shen L, Fu J. Quantitative proteomic analysis
identifies MAPK15 as a potential regulator of radioresistance
in nasopharyngeal carcinoma cells. Front Oncol. 2018;8:548.
doi: 10.3389/fonc.2018.00548.

Manfredi M, Brandi J, Di Carlo C, Vita Vanella V, Barberis E,
Marengo E, etal. Mining cancer biology through bioinformatic
analysis of proteomic data. Expert Rev Proteomics.
2019;16(9):733-47. doi: 10.1080/14789450.2019.1654862.
Ventura TMO, Ribeiro NR, Taira EA, de Lima Leite A, Dionizio
A, Rubira CMF, et al. Radiotherapy changes the salivary
proteome in head and neck cancer patients: evaluation
before, during, and after treatment. Clin Oral Investig.
2022;26(1):225-58. doi: 10.1007/s00784-021-03995-5.

Pan HT, Ding HG, Fang M, Yu B, Cheng Y, Tan YJ, et al.
Proteomics and bioinformatics analysis of altered protein
expression in the placental villous tissue from early recurrent
miscarriage patients. Placenta. 2018;61:1-10. doi: 10.1016/j.
placenta.2017.11.001.

Zamanian-Azodi M, Rezaei-Tavirani M, Hasanzadeh H,
Rahmati Rad S, Dalilan S. Introducing biomarker panel
in esophageal, gastric, and colon cancers; a proteomic
approach. Gastroenterol Hepatol Bed Bench. 2015;8(1):6-18.
Rezaei-Tavirani M, Rezaei-Taviran S, Mansouri M, Rostami-
Nejad M, Rezaei-Tavirani M. Protein-protein interaction
network analysis for a biomarker panel related to human
esophageal adenocarcinoma. Asian Pac ] Cancer Prev.
2017;18(12):3357-63.doi: 10.22034/apjcp.2017.18.12.3357.
Abbaszadeh HA, Peyvandi AA, Sadeghi Y, Safaei A,
Zamanian-Azodi M, Khoramgah MS, et al. ErYAG laser
and cyclosporin a effect on cell cycle regulation of human
gingival fibroblast cells. J Lasers Med Sci. 2017;8(3):143-9.
doi: 10.15171/jlms.2017.26.

Patil A, Kinoshita K, Nakamura H. Hub promiscuity in protein-
protein interaction networks. Int ] Mol Sci. 2010;11(4):1930-
43. doi: 10.3390/ijms11041930.

Kurganovs N, Wang H, Huang X, Ignatchenko V, Macklin A,
Khan S, et al. A proteomic investigation of isogenic radiation
resistant prostate cancer cell lines. Proteomics Clin Appl.
2021;15(5):€2100037. doi: 10.1002/prca.202100037.
Fotouhi Ghiam A, Taeb S, Huang X, Huang V, Ray J,
Scarcello S, et al. Long non-coding RNA urothelial carcinoma
associated 1 (UCAT) mediates radiation response in prostate
Oncotarget. 2017;8(3):4668-89. doi: 10.18632/
oncotarget.13576.

Torres LN, Salgado CL, Dubick MA, Cap AP, Torres Filho
IP. Role of albumin on endothelial basement membrane and
hemostasis in a rat model of hemorrhagic shock. ] Trauma
Acute Care Surg. 2021;91(2S Suppl 2):565-573. doi: 10.1097/
ta.0000000000003298.

Kaur S, Bronson SM, Pal-Nath D, Miller TW, Soto-Pantoja
DR, Roberts DD. Functions of thrombospondin-1 in the
tumor microenvironment. Int ) Mol Sci. 2021;22(9):4570. doi:
10.3390/ijms22094570.

Mal A, Bukhari AB, Singh RK, Kapoor A, Barai A, Deshpande |,
et al. EpCAM-mediated cellular plasticity promotes radiation
resistance and metastasis in breast cancer. Front Cell Dev

cancer.

Journal of Lasers in Medical Sciences Volume 13, 2022


https://doi.org/10.7150/ijms.3635
https://doi.org/10.1111/ecc.12430
https://doi.org/10.1016/j.radonc.2018.06.025
https://doi.org/10.1016/j.freeradbiomed.2018.10.449
https://doi.org/10.1016/j.freeradbiomed.2018.10.449
https://doi.org/10.3389/fonc.2018.00548
https://doi.org/10.1080/14789450.2019.1654862
https://doi.org/10.1007/s00784-021-03995-5
https://doi.org/10.1016/j.placenta.2017.11.001
https://doi.org/10.1016/j.placenta.2017.11.001
https://doi.org/10.22034/apjcp.2017.18.12.3357
https://doi.org/10.15171/jlms.2017.26
https://doi.org/10.3390/ijms11041930
https://doi.org/10.1002/prca.202100037
https://doi.org/10.18632/oncotarget.13576
https://doi.org/10.18632/oncotarget.13576
https://doi.org/10.1097/ta.0000000000003298
https://doi.org/10.1097/ta.0000000000003298
https://doi.org/10.3390/ijms22094570

Hypofractionated Radiation Versus Conventional Fractionated Radiation

20.

21.

22.

23.

Biol. 2020;8:597673. doi: 10.3389/fcell.2020.597673.
Kvolik S, Jukic M, Matijevic M, Marjanovic K, Glavas-
Obrovac L. An overview of coagulation disorders in cancer
patients. Surg Oncol. 2010;19(1):e33-46. doi: 10.1016/].
suronc.2009.03.008.

Kabir NN, Rénnstrand L, Kazi JU. Keratin 19 expression
correlates with poor prognosis in breast cancer. Mol Biol Rep.
2014;41(12):7729-35. doi: 10.1007/s11033-014-3684-6.
Zoni E, Astrologo L, Ng CKY, Piscuoglio S, Melsen ],
Grosjean J, et al. Therapeutic targeting of CD146/MCAM
reduces bone metastasis in prostate cancer. Mol Cancer Res.
2019;17(5):1049-62. doi: 10.1158/1541-7786.mcr-18-1220.
Bera A, Subramanian M, Karaian J, Eklund M, Radhakrishnan
S, Gana N, et al. Functional role of vitronectin in breast
cancer. PLoS One. 2020;15(11):e0242141. doi: 10.1371/
journal.pone.0242141.

Shen TL, Liu MN, Zhang Q, Feng W, Yu W, Fu XL, et al. The
positive role of vitronectin in radiation induced lung toxicity:
the in vitro and in vivo mechanism study. ] Transl Med.
2018;16(1):100. doi: 10.1186/512967-018-1474-y.

Gruber S, Cini N, Kowald LM, Mayer ], Rohorzka A, Kuess P,
et al. Upregulated epithelial junction expression represents

24.

25.

26.

27.

a novel parameter of the epithelial radiation response to
fractionated irradiation in oral mucosa. Strahlenther Onkol.
2018;194(8):771-9. doi: 10.1007/s00066-018-1302-6.
Rajesh Y, Biswas A, Banik P, Pal I, Das S, Borkar SA, et al.
Transcriptional regulation of HSPB1 by Friend leukemia
integration-1 factor modulates radiation and temozolomide
resistance in glioblastoma. Oncotarget. 2020;11(13):1097-
108. doi: 10.18632/oncotarget.27425.

Wang Z, He S, Jiang M, Li X, Chen N. Mechanism

study on radiosensitization effect of curcumin in
bladder cancer cells regulated by filamin A. Dose
Response. 2022;20(2):15593258221100997. doi:

10.1177/15593258221100997.

Arjmand B, Vafaee R, Razzaghi M, Rezaei-Tavirani M,
Ahmadzadeh A, Rezaei-Tavirani S, et al. Central proteins
of plasma in response to low-level laser therapy involve
in body hemostasis and wound repair. | Lasers Med Sci.
2020;11(Suppl 1):555-59. doi: 10.34172/jlms.2020.59.

Kilik R, Bober P, Ropovik I, Befiacka R, Gendi ], Necas A, et
al. Proteomic analysis of plasma proteins after low-level laser
therapy in rats. Physiol Res. 2019;68(Suppl 4):5399-5404.
doi: 10.33549/physiolres.934377.

Journal of Lasers in Medical Sciences Volume 13, 2022 \ 5


https://doi.org/10.3389/fcell.2020.597673
https://doi.org/10.1016/j.suronc.2009.03.008
https://doi.org/10.1016/j.suronc.2009.03.008
https://doi.org/10.1007/s11033-014-3684-6
https://doi.org/10.1158/1541-7786.mcr-18-1220
https://doi.org/10.1371/journal.pone.0242141
https://doi.org/10.1371/journal.pone.0242141
https://doi.org/10.1186/s12967-018-1474-y
https://doi.org/10.1007/s00066-018-1302-6
https://doi.org/10.18632/oncotarget.27425
https://doi.org/10.1177/15593258221100997
https://doi.org/10.34172/jlms.2020.S9
https://doi.org/10.33549/physiolres.934377

