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ABSTRACT

Aim: This study aims to investigate the anticancer molecular mechanism of RT2 through protein-protein interaction (PPI) network
analysis. For this aim, a bioinformatics evaluation of the proteome profile of colon cancer is carried out.

Background: Antimicrobial peptides such as RT2 showed anticancer properties against various tumors. The molecular mechanism of
the anticancer effect of RT2 is a challenging subject.

Methods: By applying Cytoscape V.3.9.1 and integrated apps, the profile of the interaction network and related centrality is analyzed.
An enrichment analysis of hub bottlenecks was also performed, and highlighted biological processes were visualized and determined.
Results: Several 207 differentially expressed proteins were retrieved by PPI network analysis, and 10 hub bottlenecks were
introduced. Among these differentially expressed proteins (DEPs), only AKT1 is from the queried DEPs. Key biological processes
contributing to RT2 targeting mechanism include “Regulation of fibroblast proliferation”, “Positive regulation of cyclin-dependent
protein serine/threonine kinase activity”, “positive regulation of miRNA transcription”, and “fungiform papilla formation”.
Conclusion: In conclusion, central proteins Tp53, MYC, EGFR, AKT1, HDACI, and SRC can be introduced as a targeted biomarker
panel of bioactive peptide treatments. However, extensive research is required to establish this claim before clinical application.
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Introduction

Antimicrobial peptides (AMPs) such as RT2 have explore less invasive replacements (1). Colorectal cancer

been reported effective in cancer (1). These types of
peptides are cationic active molecules against both gram-
positive and gram-negative bacteria (2, 3). These natural
peptides can be obtained from different sources, including
animals, vegetables, and microorganisms (4). These
bioactive peptides are generally less toxic to healthy
tissues (4). On the other hand, the requirement for better
treatment options for cancer promotes researchers to
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(CRC), as one of the important malignancies, remains a
health issue around the world, especially for male
populations. This is due to the elevated resistance of
cancer cells to the common treatment options and their
adverse effects on healthy cells (1). In this sense,
alternative treatment options are seeking by researchers
for better and less invasive therapeutic approaches such as
application of bioactive peptides (5). Proteomics as a high-
throughput study could assist in detecting biomarkers with
a fundamental contribution to the anticancer treatment
mechanism of bioactive peptides. Further evaluation of
these biomarkers could be handled as protein-protein
interaction network analysis (6). In this respect, more
potential biomarkers and new ones could be introduced by
applying diverse algorithms of interacting network
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software. Central proteins of a PPI network are vital for
the network stability and effective function. Disruption of
these central proteins’ regulation largely affects the
function of many other related proteins in the network (7).
Therefore, malfunction of related biological processes of
these proteins could alter the whole biological system.
These proteins could be dysregulated due to different
conditions, such as disease state (8). Uncovering the
regulated proteins in the presence of applied treatment
agents could accelerate the recognition of that specific
treatment mechanism of regulation (9). In the main study,
a number of 212 regulated proteins in the presence of RT2
in colon cancer (Caco-2) are reported that most of them
are down-regulated (10). This study introduced some
mechanisms by which RT2 eliminates cancer
development that is through metabolism changes,
apoptosis, and reduction of cancer cells proliferation.
Complementary study by protein-protein interaction
network analysis could indicate which protein markers are
more efficient in these processes. In addition, perhaps
more details regarding contributing biomarkers and their
related processes could be identified. What is more, other
central proteins in the PPI network could be detected as
possible contributing markers in the antitumor mechanism
of RT2 after extensive validating studies.

Methods

By applying label-free proteomics, different
concentrations of RT2, a cationic peptide (0, 15, 30, 60,
and 120 pM), were assessed on colon cancer (Caco-2).
The Caco-2 cells are selected as the typical cancer cells.
This active molecule is derived from Crocodylus
siamensis leukocytes. Based on the MTT assay
conclusion, the four first doses were chosen for further
proteomics analysis considering the toxicity level of
cancerous and healthy cells (11). The data from
proteomics analysis was then applied for protein-protein
interaction network exploration by Cytoscape V.3.9.1.
(https://cytoscape.org/) (12). The software used the
STRING database (http:/string-db.org/) to retrieve the
PPI network of the RT2 effectiveness on colon cancer
profile. STRING App. Identifies interaction relationships
from four sources, including protein query, PubMed
query, Disease query, and Stitch (13). The protein query
was handled with the aid of STRING App. and two
networks of DEPs were obtained.

Gastroenterol Hepatol Bed Bench 2023;16(4):415-420

The first network is confirmed without any
additional proteins, while the second network consists
of DEPs and several 50 first neighbors. The statistical
analysis used for the PPI network query was set to
score confidence of 0.5 to gain more confident results.
The second network was used for centrality analysis in
terms of the detection of Degree (K) and betweenness
centrality (BC) parameters via “NetworkAnalyzer,” a
well-established application in Cytoscape (14). The
nodes with the highest K are hubs, and nodes with the
biggest amount of BC are the bottlenecks. In addition,
nodes with both features are hub bottlenecks.
NetworkAnalyzer was applied to detect the central
elements of the PPI network (9). After identifying hub-
bottlenecks, annotating these elements was important to
examine. ClueGO 2.5.9+CluePedial.5.9 plug-ins aid
the gene ontology of hub bottlenecks concerning
biological processes (15). Term grouping was set to 0.5
for a more confident outcome, and the number of
proteins and percentage per term was chosen as 2 and
3, respectively. Other statistical criteria were as default,
including the p-value of grouping and the correction
test were 0.05 and Bonferroni step-down, respectively.
The kappa score cut-off for activation, expression, and
inhibition determination was set to 0.5.

Results

Several 207 nodes with 139 links were identified by
STRING through Cytoscape. By adding 50 neighbor
proteins, the obtained network consists of 257 nodes and
1593 links (data are not shown). Some of the individual
nodes in the first network joined the whole interaction
network in the second query. Based on hub and bottleneck
calculation, the interacting network was then designated
for the centrality analysis and key nodes. In this analysis,
10% of top nodes with respect to high degree and
betweenness values were chosen, and common nodes
(hub-bottlenecks) were depicted in Table 1.

In Table 1, ten top nodes were determined as
important keys of the PPI network. AKT1 is the only
queried node (DEP) in this list. These proteins are hub
bottlenecks that show high degree and betweenness
centrality values. TP53 is the most highlighted hub
bottleneck with a degree of 71 and betweenness
centrality of 0.07. TP53 and ESRI1 are the top
bottlenecks with a BC value of 0.07. AKT1 shows the



high degree value, but it is not a significant bottleneck as
its betweenness centrality value is 0.02.

Table 1. The hub-bottleneck nodes ranked based on
greatest to smallest values in degree. The node with
asterisk is from queried proteins.

Row Display name K BC
1 TP53 71 0.07
2 MYC 63 0.03
3 GAPDH 63 0.03
4 CTNNBI1 61 0.04
5 HSP90AAL 60 0.04
6 EGFR 56 0.03
7 ESR1 56 0.07
8 AKT1* 56 0.02
9 HDACI1 54 0.05
10 SRC 53 0.03

For further analysis, the biological terms related to
the hub bottlenecks were considered to be evaluated, as
indicated in Figure 1. The Terms were extracted from all
default sources of the CluGO plug-in, such as KEGG.

Among 10 queried terms in ClueGO, 9 were
detected considering designated statistical criteria. The
most highlighted groups of terms include “Regulation
of fibroblast proliferation”, “Positive regulation of
cyclin-dependent protein  serine/threonine  kinase
activity”, “positive regulation of miRNA transcription”,
and “fungiform papilla formation”.

Table 2 presents the relationship between hub
bottlenecks and bioactive peptides based on a literature
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review. The finding indicates that Tp53, MYC, EGFR,
AKT1, HDACI, and SRC among the 10 introduced
critical DEPs are related to the bioactive peptides.

Discussion

Due to current treatment option limitations
regarding their side effects and lack of personalization,
natural sources have received great attention recently
(9). Many different types of cancers are reported to be
studied by treating antimicrobial peptides (AMPs) (31).
The effectiveness of these bioactive molecules has been
demonstrated by molecular studies such as a powerful
tool known as proteomics (32, 33). One of these
peptides is RT2; its anticancer properties on colon,
cervical, brain, and melanoma are well-established
according to the previous findings (34-36).

Based on the main study, cell viability was reduced
as the dosage was increased according to the MTT
assay. The cell viability was decreased from 100% to
8.55% as the doses were increased. This showed that
the anticancer effect of RT2 is dose-dependent and
should be considered in molecular studies. Our study
considered the protein expression profile in the
presence of RT2 dosage significantly changes protein
expression for PPI analysis. The analysis showed that
the network is scale-free, and some nodes are essential
to the network's stability and strength. These nodes are
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Figure 1. Biological processes related to top proteins in PPI network analyzed by ClueGO+CluePedia. The colored

terms refer to the related groups of biological terms. The assessed proteins are presented in red color.
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Table 2. Target hub-bottlenecks with previous reports on cancer therapy with bioactive peptides

Protein Name  Target Cancer

Literature References

Bioactive Peptide-Based Therapeutics

Breast cancer, Colon

Tps3 cancer, Leukemia (16-19)
Breast cancer,

MYC Neuroblastoma (20, 21)

EGFR Colon cancer (22-24)

AKTI Colon cancer, Breast (25-27)
cancer

HDACI Colon cancer, Gastric (28, 29)
cancer, Breast cancer

SRC Breast cancer (27)

RT2, CPe-IlI, P2, Gloriosa superba Peptides, Lunasin

FPPa, Peptide FNIII14, (ACBP)s from goal spleen
TFF3, AMPs rich in tryptophan, proline, and arginine
RT2, Lunasin, SCIP

Lunasin, FHPFPR, NWFPLPR, and HYNPYFPG

Lunasin

considered the central hub bottlenecks in the PPI map.
Several ten proteins were recognized as hub
bottlenecks; AKT1 is from DEPs. TP53 is the most
highlighted central protein, and SRC is the value.

To better understand the role of the hub bottlenecks in
the anticancer mechanism of RT2, a literature review of
the top ones previously reported as bioactive peptide
targets was conducted. TP53 tumor suppressor protein
(TP53) is this study's first highlighted hub- bottleneck. Its
extensive associations in cancer trigger and development
are well-defined (37). Moreover, this protein level
increment has been reported in treating RT2 in cancer
therapy (38). Therefore, our finding indicates that not only
is TP53 a central protein in the PPI network, but the
presence of RT2 treatment also influences it. This shows
that TP53 is a valuable therapy target by peptides such as
RT2. This protein also targets similar bioactive peptides
such as CPe-IlII, P2, Lunasin, and Gloriosa superba
Peptides from natural sources (20). These peptides induce
up-regulation in TP53, which is responsible for apoptosis.
MYC, the next hub bottleneck, is a key proto-oncogene in
cancer triggers and developments. (ACBP)s from goal
spleen FPPa and Peptide FNIII14 are the popular bioactive
peptides affecting MYC expression in a way that can
cause the reduction in this protein expressions (4, 21, 22).

Histone deacetylases (HDAC) is the fifth reviewed
protein. Some bioactive peptides from plant sources
inhibit this protein's activity in different cancers.

Quinoa peptides, including FHPFPR, NWFPLPR,
and HYNPYFPG, were effective against the HDAC
gene (29) reported by our study as one of the key hub
bottlenecks.

HDAC inhibition could trigger apoptosis processes
in the anticancer activity of bioactive peptides (29).

The processes linked to these proteins could be novel
in the RT2 mechanism of cancer-fighting. However, more
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studies are required to indicate the role of hub bottlenecks
in the antitumor mechanisms of RT2. The literature
review application in this study also indicated that Lunasin
is one of the effective bioactive peptides in food sources.

Conclusion

In conclusion, RT2, as an antibacterial peptide,
promotes biological processes that could be vital in
cancer-fighting. In addition, some central proteins
contribute to these biological processes, and their role in
the RT2 anticancer mechanism could be important.
Validation studies are required to identify this connection
and possibly more effective cancer target therapy.

This PPI study suggests that antimicrobial peptides
such as RT2, targeting key biomarkers in cancer, could
be introduced as promising cancer treatment
approaches. However, extensive research in this respect
is required to validate the claim.

Conflict of interests
The authors declare no conflict of interest.

References

1. Chauhan S, Dhawan DK, Saini A, Preet S.
Antimicrobial peptides against colorectal cancer-a
focused review. Pharmacol Res 2021;167:105529.

2. Anunthawan T, De La Fuente-Nufiez C, Hancock
RE, Klaynongsruang S. Cationic amphipathic peptides
KT2 and RT2 are taken up into bacterial cells and kill
planktonic and biofilm bacteria. Biochim Biophys Acta
2015;1848:1352-8.

3. Loépez-Garcia G, Dublan-Garcia O, Arizmendi-
Cotero D, Goémez Olivan LM. Antioxidant and
antimicrobial peptides derived from food proteins.
Molecules 2022;27:1343.

4. Wang L, Dong C, Li X, Han W, Su X. Anticancer
potential of bioactive peptides from animal sources.
Oncol Rep 2017;38:637-51.



5. Quintal-Bojorquez N,  Segura-Campos MR.
Bioactive peptides as therapeutic adjuvants for cancer.
Nutr Cancer 2021;73:1309-1321.

6. Zamanian—Azodi M, Rezaei—Tavirani M,
Hasanzadeh H, Rad SR, Dalilan S. Introducing
biomarker panel in esophageal, gastric, and colon
cancers; a proteomic approach. Gastroenterol Hepatol
Bed Bench 2015;8:6.

7. Karbalaei R, Allahyari M, Rezaei-Tavirani M,
Asadzadeh-Aghdaei H, Zali MR. Protein-protein
interaction analysis of Alzheimers disease and NAFLD
based on systems biology methods unhide common
ancestor pathways. Gastroenterol Hepatol Bed Bench
2018;11:27.

8. Rezaei-Tavirani M, Rezaei-Tavirani S, Mansouri V,
Rostami-Nejad M, Rezaei-Tavirani M. Protein-protein
interaction network analysis for a biomarker panel
related to human esophageal adenocarcinoma. Asian
Pac J Cancer Prev 2017;18:3357-3363.

9. Arjmand B, Zamanian Azodi M, Rezaei Tavirani M,
Esmaeili S, Vafaee R. Contradictory effects of 6-
shogaol on the human cervical cancer cell line HeLa
through network analysis. Res J Pharmacogn
2022;9:29-37.

10. Maijaroen S, Klaynongsruang S, Roytrakul S,
Konkchaiyaphum M, Taemaitree L, Jangpromma N.
An integrated proteomics and bioinformatics analysis
of the anticancer properties of RT2 antimicrobial
peptide on human colon cancer (Caco-2) cells.
Molecules 2022;27:1426.

11.Zhang T, Xie N, He W, Liu R, Lei Y, Chen Y, et al.
An integrated proteomics and bioinformatics analyses
of hepatitis B virus X interacting proteins and
identification of a novel interactor apoA-I. J Proteomics
2013;84:92-105.

12. Shannon P, Markiel A, Ozier O, Baliga NS, Wang
JT, Ramage D, et al. Cytoscape: a software
environment for integrated models of biomolecular
interaction networks. Genome Res 2003;13:2498-504.

13. Szklarczyk D, Franceschini A, Wyder S, Forslund
K, Heller D, Huerta-Cepas J, et al. STRING vI10:
protein—protein interaction networks, integrated over
the tree of life. Nucleic Acids Res 2015;43:447-52.

14. Assenov Y, Ramirez F, Schelhorn S-E, Lengauer T,
Albrecht M. Computing topological parameters of
biological networks. Bioinformatics 2008;24:282-4.

15.Bindea G, Mlecnik B, Hackl H, Charoentong P,
Tosolini M, Kirilovsky A, et al. ClueGO: a Cytoscape
plug-in to decipher functionally grouped gene ontology
and pathway annotation networks. Bioinformatics
2009;25:1091-3.

Hosseinpour Z. et al 419

16. Aghamiri S, Zandsalimi F, Raee P, Abdollahifar M-
A, Tan SC, Low TY, et al. Antimicrobial peptides as
potential therapeutics for breast cancer. Pharmacol Res
2021;171:105777.

17. Budchart P, Khamwut A, Sinthuvanich C, Ratanapo
S, Poovorawan Y, T-Thienprasert NP. Partially purified
Gloriosa superba peptides inhibit colon cancer cell
viability by inducing apoptosis through p53
upregulation. Am J Med Sci 2017;354:423-9.

18. Chatupheeraphat C, Roytrakul S, Phaonakrop N,
Deesrisak K, Krobthong S, Anurathapan U, et al. A novel
peptide derived from ginger induces apoptosis through the
modulation of p53, BAX, and BCL2 expression in
leukemic cell lines. Planta Med 2021;87:560-9.

19.Xue Z, Wen H, Zhai L, Yu Y, Li Y, Yu W, et al.
Antioxidant activity and anti-proliferative effect of a
bioactive peptide from chickpea (Cicer arietinum L.).
Food Res Int 2015;77:75-81.

20.Pabona JMP, Dave B, Rahal O, de Lumen BO, de
Mejia E, Simmen RC. Soy peptide lunasin induces
PTEN[Imediated apoptosis in human breast cancer
cells. FASEB J 2011;25:213.3-213.3.

21.Wang E, Sorolla A, Cunningham PT, Bogdawa
HM, Beck S, Golden E, et al. Tumor penetrating
peptides inhibiting MYC as a potent targeted
therapeutic strategy for triple-negative breast cancers.
Oncogene 2019;38:140-50.

22. Fujita M, Sasada M, Iyoda T, Osada S, Kodama H,
Fukai F. Biofunctional Peptide FNIII14: Therapeutic
Potential. Encyclopedia 2021;1:350-9.

23.Zhang Y, Liu Y, Wang L, Song H. The expression
and role of trefoil factors in human tumors. Transl
Cancer Res 2019;8:1609-1617.

24.Yang Y, Lin Z, Lin Q, Bei W, Guo J. Pathological
and therapeutic roles of bioactive peptide trefoil factor
3 in diverse diseases: recent progress and perspective.
Cell Death Dis 2022;13:62.

25. Marimuthu SK, Nagarajan K, Palanisamy S, Subbiah
L. Interactions and stability of tryptophan, proline and
arginine rich peptides with EGFR kinase and its
anticancer activities—insilico approaches. Research
Square 2022. DOI: 10.21203/rs.3.1s-1248937/v1.

26.Maijaroen S, Jangpromma N, Daduang J,
Klaynongsruang S. KT2 and RT2 modified
antimicrobial peptides derived from Crocodylus
siamensis Leucrocin 1 show activity against human
colon cancer HCT-116 cells. Environ Toxicol
Pharmacol 2018;62:164-76.

27.Jiang Q, Pan Y, Cheng Y, Li H, Liu D, Li H.
Lunasin suppresses the migration and invasion of breast
cancer cells by inhibiting matrix metalloproteinase-2/-9

Gastroenterol Hepatol Bed Bench 2023;16(4):415-420



420 Targeting colon cancer via RT2 peptide: a system biology study

via the FAK/Akt/ERK and NF-«B signaling pathways.
Oncol Rep 2016;36:253-62.

28.Wei W, Fan X-M, Jia S-H, Zhang X-P, Zhang Z,
Zhang X-J, et al. Sea cucumber intestinal peptide
induces the apoptosis of MCF-7 cells by inhibiting
PI3K/AKT pathway. Front Nutr 2021;8:763692.

29.Fan X, Guo H, Teng C, Zhang B, Blecker C, Ren G.
Anti-colon cancer activity of novel peptides isolated
from in vitro digestion of quinoa protein in Caco-2
cells. Foods 2022;11:194.

30. Hernandez-Ledesma B, De Lumen BO. Lunasin: a
novel cancer preventive seed peptide. Perspect Medicin
Chem 2008;2:75-80.

31. Zandsalimi F, Talaei S, Noormohammad Ahari M,
Aghamiri S, Raee P, Roshanzamiri S, et al. Antimicrobial
peptides: a promising strategy for lung cancer drug
discovery? Expert Opin Drug Discov 2020;15:1343-54.

32.Shah P, Hsiao FSH, Ho YH, Chen CS. The
proteome targets of intracellular targeting antimicrobial
peptides. Proteomics 2016;16:1225-37.

33.Umadevi P, Soumya M, George JK, Anandaraj M.
Proteomics assisted profiling of antimicrobial peptide
signatures from black pepper (Piper nigrum L.). Physiol
Mol Biol Plants 2018;24:379-87.

Gastroenterol Hepatol Bed Bench 2023;16(4):415-420

34. Theansungnoen T, Maijaroen S, Jangpromma N,
Yaraksa N, Daduang S, Temsiripong T, et al. Cationic
antimicrobial peptides derived from Crocodylus
siamensis leukocyte extract, revealing anticancer
activity and apoptotic induction on human cervical
cancer cells. Protein J 2016;35:202-11.

35.Demirbag Karaali M, Aydin Karatas E.
Investigation of the potential anticancer effects of
napelline and talatisamine dirterpenes on experimental
brain tumor models. Cytotechnology 2020;72:569-78.

36. Maraming P, Klaynongsruang S, Boonsiri P, Peng
S-f, Daduang S, Rungsa P, et al. Anti-metastatic Effects
of Cationic KT2 Peptide (a Lysine/Tryptophan-rich
Peptide) on Human Melanoma A375. S2 Cells. In Vivo
2021;35:215-27.

37. Wang Z, Strasser A, Kelly GL. Should mutant TP53
be targeted for cancer therapy? Cell Death Differ
2022;29:911-20.

38. Maraming P, Klaynongsruang S, Boonsiri P,
Maijaroen S, Daduang S, Chung JG, et al. Antitumor
activity of RT2 peptide derived from crocodile
leukocyte peptide on human colon cancer xenografts in
nude mice. Environ Toxicol 2018;33:972-7.



