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As there is no cure for cancer, hence it becomes one of the top causes of mortality
worldwide. Bacterial peptide obtained from probiotic species possesses anti-cancer and anti-
bacterial activity and shows specificity towards the prominent target of cancer cells. To find such
peptides with anti-cancer activity, a thorough literature review was conducted. Major 9 peptides
have been selected as a promising candidate, and their interactions with 9840 possible target
genes were retrieved using the STITCH database and the STRING 11.0b database, respectively.
In the Cytoscape software version 3.8.2 network analysis, 2465 nodes and 10871 edges were
found. Cytoscape version 3.8.1 was used to build, visualize and analyze target-disease and
target-pathway networks for anti-cancer peptides to advance current understanding. There were
3127 nodes identified as disease-associated. In total, 271 nodes and 318 edges were discovered,
along with 27 distinct genes linked to 243 distinct pathways. The hub genes were found by
centrality analysis to comprehend how peptides and highly significant genes interact. Thus, six
key hub genes for the peptides—GRB2, APP, COPS5, CDK1, RPS3, and XRCC6—were identified
based on topological criteria such as MCC, degree, closeness, betweenness, and radiality. Major
genes were discovered to be linked to Neoplasm Metastasis, Neoplasms, Non-Small Cell Lung
Carcinoma, and Primary Malignant Neoplasm among the 57 genes. The expression of the
disease-related genes and their regulation of the molecular mechanisms causing the disease,
together with their transcription factors, have been identified.
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In general, Lactic acid bacteria (LAB) are
used as starters for the production of fermented
food traditionally. Recently, it showed promising
food preservatives and therapeutic effects’.

Since LAB is Generally Recognized
as Safe (GRAS), its simple metabolism and
production of multi-valuable biochemicals such as
food ingredients and high-value pharma precursors
emerged as a promising cell factory. Cancer is still
one of the deadliest diseases and the conventional

treatment strategies ((e.g., chemotherapy, surgery,
radiotherapy, etc.) used to combat, has numerous
shortcomings due to associated side effect and
significant challenges to patient health. A bacterial
protein produced by a group of prokaryotic
microorganisms is of great potential for cancer
therapy’.

Bacteria like Clostridium spp.
and Bifidobacterium longum strains have been
found to endure and progress in hypoxic conditions
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surrounding the tumor and hence inhibiting its
proliferation and causing cell death®. The lactic
acid bacterium Lactococcus lactis produces nisin, a
lantibiotic of class I bacteriocins possessing broad-
spectrum antibacterial activity against Gram-
positive bacteria®. It is injected intramuscularly into
the babies to prevent the deadly disease and showed
80% effectiveness primarily in the laboratory.
Moreover, certain bacteria showed tumoricidal
effects such as Clostridia, Shigella, Lactococcus,
Bifidobacteria, Listeria, Salmonella, Vibrio and
Escherichia coli. They have been reported to
have an extraordinary ability to treat cancer®. The
immune system’s ability to fight is worth noting
irrespective of any infection or disease, still, some
bacteria were found to enhance its ability positively.
The cross-talk between bacteria and the immune
system can improve the response against malignant
cells, such as CD8 + T-cells was found to be the
most influential component to inhibit tumor cell
growth®”. Actinomycin D, bleomycin, doxorubicin,
mitomycin C) and diphtheria toxin are some of
the reported Anticancer antibiotics®. Bacteriocins
discovered almost 100 years ago are proteinaceous
in nature ° and are produced by various species
of bacteria and archaea. Some of the well-known
bacteriocins produced by Gram-negative are
microcin E492, colicins, (A, D, E1, E2, E3) and
Gram-positive bacteria-produced bacteriocin-like
nisin. Bacterial proteins and peptides are strong
anti-proliferative agents in cancer treatment.
Likely, in the nuclei of Lactobacillus sp., an
enormous amount of unmethylated dinucleotide
repeat sequences are present which bind to a
specific receptor on the surface of human cells and
activate the innate immune response. Findings also
suggested the combined activity of the bacteriocin
enterocin A with colicin E1 showed anti-cancer
activity against AGS human cancer cells which
further lead to caspase activation and cell death'.
Bifidobacterium Derived Bacteriocins Bifidin B1
and Bifidin B2, showed potential antioxidant and
Antitumor Activity against MCF-7 and Skov-3
with IC50 values of 28.9+ 8.76 pg/ml, and 29.87+
9.13 pg/ml, respectively'’.

Cancer is a genetic disease; hence it
alters the way how a cell functions, divides and
grows. Recently therapeutic approach has been
explored using bacteriocin; a cationic antimicrobial
and anti-cancer peptide. The current research
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deals with a similar type of peptide of interest
possessing antibacterial and anti-cancer activity.
The gene-gene interaction network has organized
the complex data and provided a comprehensive
structure hence the peptide-gene network reveals a
visual understanding of the interconnection while
the target disease and target-pathway network
gave a deeper understanding of the connection
and the major genes involved. This study was
conducted to identify highly influential genes and
the transcription factors associated with cancer,
and it may help to discover drug-able targets in the
future.

MATERIAL AND METHODS

Construction of Dataset

In this era, identification of the molecular
targets of active small-molecule or peptides is
crucial and presently an unachieved challenge.
Hence, network pharmacology and metabolomics
play an important role to bring light to the possible
targets of the peptides, which is solely possible
via the system biology approach. The peptides
responsible for the defense mechanism of the
bacterial cell were identified from an extensive
literature survey using the keyword “bacteriocin”.
The proteins interacting with these kinds of
peptides were determined and the UniProt ID
of target proteins was obtained from UniProtKB
(https://www.uniprot.org/) database by limiting the
species to “Homo sapiens”. The potential target
genes of the proteins were collected from the
STITCH database.
Target gene- Disease network construction

DisGeNET is a search tool that contains
integrated human diseases, genes and experimental
research'? combines information on human gene-
disease associations (GDAs) and variant-disease
associations (VDAs). The keyword “Cancer” was
used to search throughout the databases to screen
the disease concerning the target genes. The target-
disease network was constructed, visualized and
analyzed. The associated disease of the target genes
was obtained from the DisGeNET database. Target
proteins and their associated disease interaction
were constructed, visualized and analyzed using
Cytoscape 3.5.1.
KEGG pathway enrichment analysis

Analysis of the pathways associated
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with the target genes was done using the Kyoto
Encyclopaedia of Genes and Genomes (KEGG)
pathway database. Screening of the genes
associated with non-cancer and cancer-related
pathways was determined. The KEGG pathway
enrichment analysis was performed to discover the
pathways associated with the potential targets of
the peptides with a p-value < 0.05. Target proteins
and their associated pathway interaction were
constructed and visualized using Cytoscape 3.5.1.
Venn Diagram gives a pictorial representation of
the two sets of data in an overlapping circle sharing
a common pathway. It illustrates the pathways
related to cancer and non-cancer diseases using
Venny 2.0 software.
Peptide-target gene network construction

In this era of big data, inspecting the
interaction of the peptides with their respective
targets is unfeasible and time-consuming. System
biology provides a platform, to establish the
network via network analysis tools. Moreover, in
an unbiased fashion, the network analysis assists us
to identify the unknown potent targets of the active
component. The target genes of the peptides were
obtained using the STITCH database. The peptide-
target gene network was constructed, visualized
and analyzed using Cytoscape 3.4.0".
Identification of IP and network construction

The potent peptide possessing anti-
bacterial and anti-cancer roles and its respective
target genes were screened. The interacting partners
of the target genes were obtained using the “Search
tool for retrieval of interacting genes” (STRING
v10.5) database. A confidence score cut off >0.9
reported through experiments and databases were
only considered for the gene-protein network
construction. The target-gene-IPs network was
constructed, visualized and analyzed using
Cytoscape 3.4.0".
Identification of highly influential genes

The closely related or highly interconnected
hub genes were analyzed through cytohubba
plugin20 of Cytoscape 3.5.1. CytoHubba plugin'*
of Cytoscape was utilized for assessment based
on centrality to identify the modules and the top-
ranked nodes. Centrality analysis helps to identify
the key genes involved in the biological process.
Genes with a degree ¢”’9 were defined as hub genes
in the present study. The highly influential genes
were identified from the gene-protein interaction
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network based on topological properties like MCC,
Degree, Closeness, Betweenness, Radiality and
EPC. Moreover, the measure depends upon the
network based on Degree. Topological properties
of the networks refer to how the individual genes
are interrelated or arranged. The cellular state was
maintained indirectly by Hub genes, for it interacts
with a large number of partners and offers control
over it. The gene list enrichment analysis'® was
performed to retrieve molecular function and
biological processes using ToppGene Suite (http://
toppgene.cchmc.org)'S. The p-value cut-off was set
as 0.05, gene limits 1 d” n d” 2000 and correction
as FDR to extract the functional gene ontology for
the set of hub genes.
Relationship between expression levels of hub
genes and survival

The hub genes were found to regulate
varied biological processes which in terms, are
associated with the disease!’. The biological
processes were searched using GenCLiP 2.0:a web
server'®, tabulated and represented in graphical
form.
Identification of the transcription factors
concerning the gene regulation

The activation and repression activity
of the associated TFs respective to the hub genes
are studied using the transcriptional regulatory
relationships unraveled by sentence-based text-
mining (TRRUST), v2: an expanded reference
database of human and mouse transcriptional
regulatory interactions'’. (TRRUST v2: an
expanded reference database of human and mouse
transcriptional regulatory interactions. Nucleic
Acids Research 26 Oct 2017)

RESULTS

Extraction and dataset construction of peptides
from Lactic acid bacteria

The interaction between the peptides and
the potent target was stabilized, visualized and
analyzed by the construction of the network using
Cytoscape software 3.8.2.

The Gene- disease associations have
revealed, that several diseases share common
genes. Specific gene expressions are involved in
controlling varied biological functions, regulations
and the advancement of diseases. The network
was constructed and the disease gene association



SIDDIQUE et al., Biomed. & Pharmacol. J, Vol. 16(4), 2213-2230 (2023)

was extracted from the DisGeNET database.
Further, the study revealed 3126 unique nodes
were associated with 17112 diseases as shown
[Figure 2].

A total number of 3127 genes was found
to be associated with various kinds of diseases.
Among them, ANG, APP, AR, ATIC, BRE, CKB,
CS, DES, GAN, GLA, IDE, IDS, IK, LAT, MET,
MICA, MOS, MYOC, NSF, PIP, RAN, REL,
RELA, RET, SET, SMS, SON and TRO, the 28
unique genes were associated with 243 unique
pathways. For the pathways associated with the
genes, a total of 271 nodes and 318 edges were
observed in the constructed network. The network
was constructed, visualized and analyzed using
Cytoscape software 3.8.2 as shown in [Figure 3].

Among the 242 pathways, 141 pathways
were found to be associated with cancer and 100
pathways are related to other diseases. Only one
pathway is commonly found in both cancer and
non-cancer-related pathways as shown [Figure 4].

The network shows 2465 nodes and 10871
edges concerning the target genes of the active
peptide as shown in [Figure 5] in which darker
color and larger size represented bigger degree
values. The Target genes and their respective IP
are listed and attached as Supplementary File 2
and File 3.

Identification of Hub genes based on centrality
analysis

Based on the core network, these genes
were identified as the crucial genes in the gene-gene
core network of 10871 nodes. The sub-network
was derived from the gene-gene network and
described using topological features degree, MCC,
Closeness, Betweenness, Radiality and EPC using
the cytohubba plugin of Cytoscape software 3.8.2.
The study showed 57 genes with varied scores for
each of the features [Table 2a]. Among them, two
genes CDK 1 and RPS3 were found to be common
in all the six hub categories and genes like GRB2,
APP, XRCC6 and COPSS5 are found common for
four hub categories [Table 2b].

Gene ontology

The functional annotation-based method
was adopted for the gene enrichment analysis using
ToppGene as represented in Table 3. The molecular
functions and biological processes were retrieved
and the association of the gene and the respective
cellular role was identified. This study focused
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on the peptides and their immediate gene targets
and their interacting partners. It is the first report
to identify the hub genes (GRB2, APP, XRCC6,
COPSS5, CDK1 and RPS3) associated with the anti-
cancer peptides and their gene ontology analysis
was performed. The highly influential genes were
prioritized based on the molecular functions and
biological processes which may play a vital role
in anti-cancer activity.

Expression levels of hub genes and their survival

The six hub genes showed a significant
correlation with the disease and showed to be
involved with cell growth and cell death. As per
the analysis, APP and CDK1 were positively
correlated with overall survival (OS), and RPS3
was negatively correlated with OS. Moreover,
the expression of GRB2, COPS5, RPS3 and
XRCC6 were found to vary in different biological
processes. The genes and their respective biological
processes were tabulated in Table 4.

Moreover, the genes COPS5, XRCC6
and GRB2 are involved in processes like DNA
binding, Immune response. Cell death, Cell
growth, S phase, Squamous cell carcinoma,
Protein complex, Kinase inhibitor, Kinase activity,
Protein-protein interaction, Breast cancer cell,
and RNA interference. In addition, COPS5 and
XRCC6 are involved in the DNA repair mechanism
solely. Alone, COPSS regulates the process like
the Ubiquitin proteasome pathway and Cyclin-
dependent kinase. The gene XRCC6 is solely
involved with DNA helicase, Histone deacetylase
inhibitor, and Poly ADP ribose. Moreover, the gene
GRB2 was found to be expressed in the processes
like Cyclin-dependent kinase and RNA binding
[Figure 6].

The peptides influence the role of the
hub genes in the mammalian cell. Moreover, the
associated TFs activate or repress the specific hub
genes by specific interaction which ultimately
leads to varied biological processes. The role
of a transcription factor in association with the
activation and repression of the hub genes is
delineated attached as Supplementary File 4 and
illustrated [Figure 7].

DISCUSSION

The peptides precisely hold anti-cancer
and anti-microbial activities that are produced
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by probiotic bacteria including Lactobacillus, search keyword used “Bacteriocin, Antimicrobial
Bifidobacterium; and Pediococcus, etc. were  peptides, Antibacterial, Anti-cancerous agent,
retrieved using extensive literature search with the ~ Cytotoxic, Apoptosis”. Further, using the Uniprot

Extraction and dataset
construction of antibacterial
peptides from Lactic acid
bacteria

l

( Identification of Target >

Target Pathway
molecular
Pathways

< Identifcation of IPs >

Biological process
Molecular functions
Subcellular Locations

I

Network
Construction

| 1

Delineating

Centrality analysis }::> the role of hub
genes

Chart 1. Flowchart the Construction of Dataset

Go analyse

Expression of Genes in

the disease

Fig. 1. Peptide — Target Network — Interaction between peptides and target are constructed and presented as a
circular image Total of 9 peptides interacted with 9840 target proteins.
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kB function Uniprot (http://www.uniprot.org/)  involved are blockage of angiogenesis, apoptosis,
database, species were restricted to humans, depolarization of cell membrane, inhibition of
target genes of the peptides were retrieved. The  cell proliferation and inhibition of tumorigenesis
redundant duplicates were removed and the target  in vivo?. Hence, in this research well known
genes of the respective peptides were obtained  bacteriocin with a potential role was collected using
and converted into gene symbols. The major  an extensive literature survey. Further concerning
peptides with a critical role in cancer identified are, ~ the peptides, the target genes collected from the
Laterosporulin10, M2163, Nisin Q, Weissellicin =~ STITCH database restricted the search items to
M, BaCf3, Bovine lactoferrin whereas peptides  homo sapiens.
like BacF1, BacF2 and Small Bacteriocin (7E)-3- Through the DisGeNET database, the
hydroxy-N-(2-oxooxolan-3-yl) tetradec-7-enamide ~ associated diseases of the target genes were
(C18H31NO4) exhibit antibacterial role. A total retrieved. Cancers like Acute lymphocytic
of nine major peptides are-associated with 9840  leukemia, Childhood Acute Lymphoblastic
target proteins found to be critically involvedinan ~ Leukemia, Non-Small Cell Lung Carcinoma,
antibacterial and or anti-cancer activity and were  Breast Carcinoma, Childhood Leukaemia,
used to construct the dataset as listed in Table 1. Secondary Neoplasm, CNS metastases, Malignant
Recently, experimental data revealed the  mesothelioma, Precursor Cell Lymphoblastic
cytotoxic role of bacteriocin against, selective Eeukemta-Leukemia-Lymphoma and many such
cancer cell lines such as breast cancer, prostate
cancer, colon cancer, bone cancer etc. It has also
been reported, the underlying mechanism mainly

Fig. 2. Analysis of disease-gene association- Total
17112 number of diseases were found to be associated

with the target genes. The number of unique nodes Fig. 3. Genes-pathway network construction — Using
was found to be 862 and edges 1669 in Target—disease KEGG software, the Circular network has been
network. constructed for Target — Associated Pathway network.
Other Pathways Pathways related

Fig. 4. Target—associated related and Target Fig. 5. Using string database IPs were collected and
associated- other pathways have been illustrated using  the network was constructed using Cytoscape software
the Venn diagram v.3.8.2.
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more cancer are found to be associated with the
genes. Whereas non-cancerous diseases like
Gout, Arthritis, Obesity, Schizophrenia, Major
Depressive Disorder, Human immunodeficiency
virus (HIV) II infection category B1, Malaria,
Myocardial Infarction, Coronary heart disease,
Premature aging syndrome, ankylosing spondylitis,
Seizures, Pancreatitis and Alzheimer’s Disease like
other diseases are found to share the same genetic

. Corresponding gene-term association
ositively reported

Corresponding gene-term association
not reported yet

The proportion of genes associated with the
term:

0%
20%
40%
60%
80%
100%
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origin. The number of nodes was found to be 862
and edges 1669 [Figure 1]. In [Figure 2] the blue
bubbles indicate genes are interconnected and
are associated with multiple diseases. The Target
Gene-Disease network was constructed, visualized
and analysed using Cytoscape software 3.8.2. The
Gene- disease associations have revealed, that
several diseases share common genes. Specific
gene expressions are involved in controlling
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Fig. 6. Using GenCLiP 2.0: a web server, the graph was plotted and has been presented.

Peptides

Bac F2
wmeMNGR
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BaCf3
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Small Basteriosin

Bac FI ——y

Biological Processes
DNA Binding
Immime response
Cell Death
Cell Growth

Apoptosis

Fig. 7. Identification of the transcription factors concerning the gene regulation along with expression levels of
hub genes and their survival are schematically presented
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Table 1. The antimicrobial peptides and their role as an antibacterial &/or anticancer agent
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S.  Antimicrobial Role References Sequence/ Alpha-helix
no. bacteriocin Sequence ID content
1. Bac F1 Exhibited broad- Amrita Ray and - -
spectrum activity Mohapatra,
against both Kadirvelu
Gram-positive Jeevaratnam
and Gram-negative 2019%
bacteria
2. Bac F2 Exhibited broad- Amrita Ray - -
spectrum activity and Mohapatra,
against both Kadirvelu
Gram-positive Jeevaratnam
and Gram-negative 2019%
bacteria
3. Laterosporulin10 Anticancer Piyush >QO0T00383.1 15.38%
property Baindaral laterosporulin family
(2017)* class I1d bacteriocin
[Brevibacterium sp.
INUCC-42IMGCQ
YECPDAVKSWAY
QGYQCHPVEKKY
YRHVYAVCMNGL
NVYCKTEWSTKC
4. M2163 trigger Tsai et al. KRKCPKTPFDNT 25.00%
apoptosis in 2015 % PGAWFAHLILGC
cancer cell SW480
5. Nisin Q Anti-cancer role Jae M. Shin >BAD05046.1 nisin Q 0.00%
etal. 2016 [Lactococcus lactis]
MSTKDFNLDLVSVS
KTDSGASTRITSISL
CTPGCKTGVLMG
CNLKTATCNCS
VHVSK
6. Weissellicin M Anti-cancer Shin-Hye >BAL44213.1 88.37%
property Kwak et al. weissellicin M
2014 [Weissella hellenica]
MVSAAKVALKV
GWGLVKKYYTK
VMQI[FIGURE JEG
WSVDQIADWLKRH
7. BaCf3 anticancer Bindiya, GNHDCCMGQLPK 7.41%
and antibiofilm E. S., & Bhat, CMLGPGQGAA
potential S.G.2017%» TXQGK
8. Bovine lactoferrin reduced the Zhang et al., >AAB26570.1 44.44%
proliferation of 2015% lactoferrin
MCF-7 breast {internal fragment}
cancer cells dose- [cattle, milk, Peptide
dependently by Partial, 18 aa]
inducing apoptosis YTRVVWXAVGP
EEQKKXQ
9. Small Bacteriocin Inhibitory John J et. al. >WP_000216581.1 22.00%
(7E)-3-hydroxy-N potential against 20167 MULTISPECIES:
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-(2-oxooxolan-3-yl)
tetradec-7-enamide
(C18H3INO4)

Staphylococcus
aureus.
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N-acyl homoserine
lactonase family
protein
[Bacillus]MTVKKLYFIP
AGRCMLDHSSVNS
ALTPGKLLNLPVW
CYLLETEEGPILVD
TGMPESAVNNEGL
FNGTFVEGQILPK
MTEEDRIVNILKR
VGYEPDDLLYIISS
HLHFDHAGGNGA
FTINTPIIVQRTEYE
AALHREEYMKEC
ILPHLNYKIIEGDYE
VVPGVQLLYTPGH
SPGHQSLFIETEQS
GSVLLTIDASYTKE
NFEDEVPFAGFDPE
LALSSIKRLKEVVK
KEKPIFFGHDIE
QEKSCRVFPEYI

varied biological functions, regulations and
the advancement of diseases. The network was
constructed and the disease gene association was
extracted from the DisGeNET database. Further,
the study revealed 3126 unique nodes were
associated with 17112 diseases.

Major pathways directly associated with
cancer are identified as, Basal cell carcinoma,
Breast cancer, Endometrial cancer, Pancreatic
cancer, and Viral carcinogenesis. Next, the
pathways associated with non-cancer diseases
like Acarbose and validamycin biosynthesis,
Biosynthesis of 12-, 14- and 16-membered
macrolides, Maturity onset diabetes of the young,
Renin-angiotensin system, etc. The common
pathway associated with both cancer and non-
cancer disease was found to be 2-Oxocarboxylic
acid metabolism. Graphical representation of genes
and their associative diseases is presented in Venn
diagrams for cancer-related and non cancer-related
pathways [Figure 4].

Genes identified were CDK1 (cyclin-
dependent kinase 1), RPS3 (Ribosomal Protein S3),
GRB2 (Growth factor receptor-bound protein 2),
APP (Amyloid Beta Precursor Protein), XRCC6
(X-ray repair eress—cross-complementing 6) and
COPSS5 (COP9 Signalosome Subunit 5). GRB2,
APP and XRCC6 are associated with Ataxia,

Bladder Neoplasm, Breast Carcinoma, Carcinoma,
Diabetes Mellitus, Non-Insulin-Dependent,
Malignant neoplasm of the urinary bladder,
Mammary Neoplasms, Neoplasm Metastasis,
Neoplasms, Neuroblastoma, Non-Small Cell
Lung Carcinoma, Primary malignant neoplasm,
Renal Cell Carcinoma and Tumor Progression. In
the case of genes COPS5, CDK1 and RPS3 they
are associated with Childhood Osteosarcoma,
Hyperactive behavior, Liver carcinoma, Malignant
Neoplasms, Neoplasm Metastasis, Neoplasms,
Non-Small Cell Lung Carcinoma, Osteosarcoma,
Osteosarcoma of bone, Primary malignant
neoplasm and Tumor Cell Invasion. Alternative to
this work, an experiment has been performed?®, that
has investigated the role of four miRNAs and their
target genes in the cross-resistance of RR sub-line
using Real-time PCR analysis.

Based on the topological features,
centrality was measured. A set of 6 genes were
identified in this study. The findings suggested
that the 6 hub genes were found to interact
mainly with 4894 genes. A similar report has
been published?, and their findings stated that
they have screened the top five hub nodes, such
as PHLPP1, UBC, ACACB, TGFBI, and ACTB.
In that case, they performed GSEA which resulted
in the identification of the five hub genes. Their
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study revealed that the hug genes were essentially
enriched in the ribosomal pathway. Whereas,
as reported in 2018, they performed the assay
experimentally and checked for the expression
of AKTI1 and TGFB2, upregulation of CASP3
HCT116 cells, using quantitative real-time PCR
analysis. A similar report®', also investigated the
levels of Bax, Bcl2, Trp53, and Casp3 mRNA
expression by RT-PCR analysis to check the therapy

Table 2b. The genes possessing the common
factors of at least 4 categories among, MCC,
Degree, Closeness, Betweenness, Radiality and
EPC were selected

Genes 3 Factors 4 Factors
GRB2 Yes -
APP Yes -
XRCC6 Yes -
COPS5 Yes -
CDK1 Yes
RPS3 Yes
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efficacy of the venom. In this current research, we
have identified the hub genes like GRB2, APP,
XRCC6, COPSS5, CDKI1 and RPS3. As reported
in 202132, 7 key hub genes like RAB3IP, CENPN,
NEDD1, CENPU, SPC25, POLR2D and CDC25A
were identified and among them, CDC25A was
found to be negatively correlated with CRC the
survival of a patient.

Gene GRB2 Growth factor receptor-bound
protein 2 also known as Grb2 is an adaptor protein
involved in signal transduction/cell communication
and hence also plays an important role in process
like tumor growth, invasiveness and metastasis.
Reports have revealed, it is called a high-priority
target protein for anti-cancer drug development
purposes and its structural knowledge may aid
in the development of anti-cancer drugs. The
GRB?2 protein consists of Src homology domains
and its respective structure-function relation also
contributes to drug development. As the drug can
easily bind with the protein domain after it invades
the cell and counteracts GRB2 signalling®.

Table 3. Gene Ontology analysis: Molecular functions and biological processes were identified for the highly
influential genes

Genes  Molecular function p Value Biological processes pValue
GRB2  Ephrin receptor binding 3.93E-05 regulation of MAPK cascade 6.00E-07
- cellular response to DNA damage stimulus  1.01E-06
- MAPK cascade 1.86E-06
APP Ephrin receptor binding 3.93E-05 regulation of MAPK cascade 6.00E-07
- MAPK cascade 1.86E-06
- positive regulation of protein kinase activity 1.20E-05
XRCC6 Cyclin binding 1.22E-04 cellular response to DNA damage stimulus  1.01E-06
Carbon-oxygen lyase activity 2.61E-04 DNA repair 9.88E-06
damaged DNA binding 1.74E-04 positive regulation of protein kinase activity 1.20E-05
COPS5 - regulation of MAPK cascade 6.00E-07
- cellular response to DNA damage stimulus  1.01E-06
- MAPK cascade 1.86E-06
- DNA repair 9.88E-06
CDK1  Hsp70 protein binding 9.69E-05 regulation of MAPK cascade 6.00E-07
cyclin binding 1.22E-04 cellular response to DNA damage stimulus  1.01E-06
- MAPK cascade 1.86E-06
- DNA repair 9.88E-06
- positive regulation of protein kinase activity 1.20E-05
RPS3 Hsp70 protein binding 9.69E-05
damaged DNA binding 1.74E-04 regulation of MAPK cascade 6.00E-07
carbon-oxygen lyase activity  2.61E-04 cellular response to DNA damage stimulus  1.01E-06
- MAPK cascade 1.86E-06
- DNA repair 9.88E-06

positive regulation of protein kinase activity 1.20E-05
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Table 4. The gene expression was determined for the highly influential
genes based on the biological processes they regulate

S. Biological Processes APP COPS5 RPS3 XRCC6 GRB2 CDKI1
No.

1. DNA repair v v 4 4 x v
2. DNA binding v v v v v v
3. Immune response v v v v v v
4. Cell death 4 v 4 4 v v
5. Cell growth 4 4 v v v v
6. S phase v v x v v v
7. Squamous cell carcinoma 4 v x v v v
8. Protein complex v v x v v v
9. Kinase inhibitor 4 4 x v v v
10.  Kinase activity v v x v v v
11.  Protein-protein interaction v v x 4 v 4
12.  Breast cancer cell 4 4 x v v v
13.  RNA interference 4 v x v v v
14.  DNA helicase 4 x x 4 x v
15.  Histone deacetylase inhibitor v x x 4 x 4
16.  Poly ADP ribose 4 x x v x v
17.  Ubiquitin proteasome pathway v v x v x v
18.  Cyclin-dependent kinase v v x x v v
19.  Translation initiation factor v x v x x 4
20. RNA binding v x v x v v

APP gene provides instructions for
making a protein called amyloid precursor protein.
This protein is found in many tissues and organs
named an Amyloid beta precursor protein (APP).

APP or amyloid precursor-like protein 2
(APLP2) contributes to the migration, invasion, or
proliferation of tumor cells. Reports also exposed its
role in the causation of Alzheimer’s disease, breast
cancer progression and are linked with neurological
disorders®. It has also been delineated, its increased
overexpression contributes to rapid cell division
and invasion in advanced breast cancer. Hence
targeting this specific protein may aid to control
the progression and act as an effective therapy®.
X-ray repair cross-complementing 6 (XRCC6)
exhibits the role of an Activator, DNA-binding,
Helicase, Hydrolase, Lyase and as a multifunctional
enzyme. In the case of cancer, it is involved in
tumor growth and development. Its overexpression
is directly related to the size and progression of the
disease®®. Hence it may serve as a potential target
for therapy. Moreover, it has also been disclosed,

in the repair of double—strand breaks (DSBs), this
DNA non-homologous end-joining repair gene
XRCC6/Ku70 contributes widely. It has also
been reported there is an association of genetic
polymorphisms in XRCC4, XRCCS5, XRCC6 and
XRCC7 with cervical cancer and rural population
are-is more prone’’. Hence targeting this gene may
also contribute to the therapeutic approach.
COPS5 (COP9 Signalosome Subunit 5)
is a Protein Coding gene. It is a highly conserved
protein complex that functions as an important
regulator in multiple signaling pathways. COPSS5
is also reported to be one of the frequently altered
genes in ER4+ breast cancer samples from TCGA.A
The study suggested, its deregulation contributes
to-the activation of oncogenes, the deactivation
of tumor suppressor genes and hence leads to
oncogenesis®®. In addition, it also confirmed its
role as a biomarker for prognosis, diagnosis and
as a therapeutic tool for the development of drugs.
Cyclin-dependent kinase 1(CDK1) or cell division
cycle protein 2 homolog is a highly conserved
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protein that functions to regulate the progression
of the cell cycle progression, transcription and
other biological processes. In human cells, any
kind of mutation, deregulation or increase in the
expression of this gene leads to hyperactivity of
CDK. These changes further lead to progression,
cell proliferation and metastasis. Though it acts
as a very attractive target for drug development,
its highly conserved structure and ATP-binding
pocket make it less accessible. Other approaches
like targeting the protein-protein interface by
the peptides and targeting allosteric sites by a
smaller group of compounds has-had also been
studied®. The activation of Cdk1 also contributes
to HIV-1-induced apoptosis and upstream of the
p53-dependent mitochondrial permeabilization
step, however, unscheduled activation led to
neurological disorders due to neuronal apoptosis®.
Well-established research has confirmed the
link between overexpression of CDK with the
progression of cancer, and CDK1 gene silencing
induces apoptosis and cell cycle arrest which led
to inhibition of retinal angiogenesis*!. Cytoplasmic
ribosomal protein S3 (rpS3) is a Protein Coding
gene of 243 amino acid components of the 40S
ribosomal small subunit. It greatly contributes to
apoptosis, DNA repair and the translation process.
It is generally secreted by all types of cancer cells
and confirmed in case of melanoma growth, over-
expressed in colon adenocarcinoma, colorectal
cancers, hepatocarcinogenesis etc. Hence this gene
will serve as a potent therapeutic target in drug
development research [Table 2].

The gene ontology study revealed the
molecular functions of the genes GRB2 and APP
were found to be linked with ephrin receptor
binding. Genes XRCC6 and RPS3 were responsible
for damaged DNA binding and carbon-oxygen
lyase activity. Molecular functions like cyclin
binding were found to be associated with Gene
XRCC6 and CDK 1. Moreover, CDK1 and RPS3
were associated with the Hsp70 protein binding
role. In addition, COPS5 was not found to be
associated with any molecular functions. Based on
the biological processes, genes responsible for the
cellular functions were majorly MAPK cascade,
regulation of MAPK cascade, positive regulation
of protein kinase activity, cellular response to
DNA damage stimulus and DNA repair. All of
this information was retrieved from ToppGene
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and the data collected are tabulated as shown in
[Table 3]. A similar kind of study has also been
executed”? , where they have performed the gene
ontology (GO), pathway enrichment analysis using
g: Profiler, Protein-protein interaction network
(PPIN) constructed by Search Tool for the Retrieval
of Interacting Genes (STRING) and analyzed using
Cytoscape successfully.

In conclusion, our findings suggest that
APP and CDK1 may play an essential role in the
development of Cancer and may serve as a potential
biomarker for future diagnosis and treatment.
The image depicted the expression of genes in
percentages associated with diseases like cancer. In
addition, it has been shown in graphical illustration
[Figure 6] 434,

APP assists with high levels of transcription
in a specific type of cells. CCCTC-Binding Factor
(CTCEF) is a zinc finger protein, a multifunctional
transcription factor that binds to the APBbeta
domain of APP to initiate transcription from the
APP promoter. In this regard, CTCF is-capable
of both activating and repressing the gene APP*.
ETS2, ETS Proto-Oncogene 2, Transcription
Factor which chromosome 21 transcription factor
ETS2 transactivates the beta-APP gene. APP is
up-regulated in the prostate, colon, pancreatic
tumor, and oral squamous cell carcinoma, hence
controlling the growth in the case of pancreatic
and colon cancer*®. NFIL3, Nuclear Factor,
Interleukin 3 Regulated is an immune system
modulator transcription factor that regulates the
expression of the human gene APP as well as
APPB gene in zebrafish*’. The increase in activity
of the SP1, Sp1 Transcription Factor, leads to the
upregulation of the expression of the APP gene*®.
Moreover, transcription factors like AP1, SP1
and TFIID interact with the -203 to +55 bp of the
human APP promoter sequence. Whereas STAT1,
Signal Transducer and Activator of Transcription
1 involve in suppressing tumor growth*. TBP,
TATA-Box Binding Protein regulates the activity
of most of the genes throughout the system, and
are specifically found to be involved in DNA repair
mechanism while associated factor TBPL1 is
involved in processes like cell cycle arrest and
apoptosis™. In the case of squamous cell carcinoma,
it has been especially noted of the transcription role
ofthe TFAP2A, Transcription Factor AP-2 Alpha in
regulating the gene Amyloid precursor protein and
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chromatin accessibility study of lung cancer cells
demonstrates that TFAP2A increases angiogenesis
in the development of anlotinib resistance®’.

In the case of gene CDK1, ARID3A, AT-
Rich Interaction Domain 3A isolated as protein
binds to E2F1, which stimulates transcription via
transcription factor like E2F that regulates the
progression of the cell cycle. Though the role of
ARID3A has not yet been fully revealed. E2F1,
E2F Transcription Factor 1 along with DP-1
controls the various cellular promoters and the
respective gene products involved in the cell cycle.
Moreover, the level of E2F1 is correlated with
transcriptional targets like (TYMS, DHFR, PCNA,
RRM1, CCNEI, CDC2, and MYBL2), known to
target cyclin-dependent kinase 1 (Cdk1), which is
involved in G1 checkpoint control*?.

After the cell suffers DNA damage, E2F
activity increases during the S/G2 phase where it
fails to exit the cell cycle and goes through mitosis
which further leads to genetic instability, encourage
the spread of cancer and reduces therapeutic
sensitivity®. According to a recent study, E2F3
promotes cellular proliferation during the G1/S
transition. Several genes, including CDK1 and
Survivin expression, are modulated by E2F3*. In
the case of cell proliferation, and cell differentiation
ETS2, ETS Proto-Oncogene 2, Transcription
Factor, regulates gene expression.

ETS2 is the substrate for CDK10/
cyclin M and its phosphorylation leads to the
inhibition of ETS2 transactivation®. IRF1,
Interferon Regulatory Factor 1 regulates epithelial-
mesenchymal plasticity in breast cancer cells.
Plasticity is the ability to invade surrounding and
distant tissues and to withstand chemotherapy>’.
IRF1, Interferon regulatory factor 1, a suppressor
protein might bind to two HOTAIR promoter sites
(53-64 and 136-148 bp) which contain related
binding motifs. Moreover, the critical effect
of HOTAIR activity has been described in the
progression of the cell cycle and proliferation by
the regulation of a variety of molecules. It has also
been proposed, HOTAIR coordinates in a molecular
pathway which leads to promoting proliferation
through the activation of CDK1/CDK2/STAT3
signalling cascade®’.

PTTG], Pituitary tumor-transforming
gene | or Securin is a PTTG1 Regulator of Sister
Chromatid Separation. The main prognostic
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genes of the hepatitis B inflammation and cancer
transformation are PTTG1, MAD2L1, CDK1,
and NEK2 as reported®®. RB1, RB Transcriptional
Corepressor 1 is an RB. Tumor suppressor, which
controls cell cycle progression, a key regulator
of many biological processes, besides shows the
downstream target for CDK4/6 inhibitors. In case
the RB1 Is inactivated, it surely led to cancer, as it
possesses a dual role to execute or resist apoptosis
in the cell®. SMAD7, SMAD Family Member 7,
SMAD7, a TGF-beta signalling inhibitor, showed
a role in the case of pancreatic adenocarcinoma.
Though it has an inhibitory effect on TGF-al
signalling, in a TGF-independent manner smad7
can also influence the expression and function of
several molecules involved in the regulation of
both fibrotic and cancerous processes®. To govern
the cell cycle and the activity of tumor suppressor
proteins, transcription factor Dp-1 (TFDP1)
plays a major role in cell cycle regulation, binds
to E2F, another essential transcription protein.
It acts as a master candidate in the case of lung
adenocarcinoma®'. A malignant tumor eventually
arises as a result of aberrant cell differentiation and
cell cycle due to the abnormal regulation of CDK 1
whereas TFDP1, Transcription Factor Dp-1 helps
to activate the target CDK1.

TP53, Tumor Protein P53; represses
the activity of CDK1 which in turn halts cell
progression and proliferation. By preventing
abnormally elevated CDK1 activity, the p53/p73-
p21CIP1 tumor suppressor axis, linked to W-CIN
in human cancer, protects against chromosome mis
segregation and aneuploidy®.

This XRCC6 gene acts as a transcription
factor and targets both CD40, CD40 Molecule
and ERBB2, Erb-B2 Receptor Tyrosine Kinase
2. The mode of regulation concerning cancer is
still unknown. The COPSS5 gene itself acts as a
transcription factor and targets both CDKNI1B-
Cyclin Dependent Kinase Inhibitor 1B and
VEGFA-Vascular Endothelial Growth Factor A.
Although the link between VEGFA and COPS5
still needs to be further investigated, COPS5 may
control VEGFA to accelerate the advancement of
breast cancer®. As a target gene of miRNA let-7d,
COPSS5 was also discovered to be linked to the
metastasis of breast cancer®.COPSS5, interacts
functionally with several tumor-related genes, to
inhibit the kinase activity in the case of CDKNI1B
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and VEGFA. In addition, inhibition or control of the
COPSS5 can stop the cell growth and proliferation
of the tumor cells. Transcription factors like
GATAI1, GATA Binding Protein 1 and STATS3,
Signal Transducer and Activator of Transcription
3 regulate the gene COPSS in case of breast
carcinoma cells. Triple-negative breast cancer
TNBC is generally defined by frequent visceral
metastasis with no reliable clinical targets. In such
a scenario GATA1 deSUMOylation promotes
COPSS5 transcription, which is further regulated
by SENPI. This process encourages the invasion
and metastasis of triple-negative breast cancer®.
There is a relation between the Signal transducer
and activator of transcription-3 (Stat3) expression
with Jab1/Csn$5 transcription. STAT3 knockdown
in tumours consistently decreases Jab1l/Csn5
expression, making NPC cells prone to cisplatin-
induced apoptosis both in vitro and in vivo. In a
mechanistic way, Jabl/CsnS5 is transcriptionally
regulated by STAT3. As per the R2 online database,
colon cancer, breast cancer and glioblastoma rate
of survival periods were found to be reduced when
Stat3 or Jabl mRNA expression levels were high®.
The transcription factor for GRB23 and RPS3 is
not reported.

CONCLUSION

The major gene which was upregulated
and downregulated can be further explored as a
targetable gene for therapeutic purposes. This study
will help to understand the interaction of the genes
associated with the peptides and their respective
role in anti-cancer activity at the molecular level.
This approach also may aid to give an in-depth
insight into the effect of peptides for Homo sapiens
as a potent anticancer peptide generally obtained
from Lactic acid bacteria.
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