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ABSTRACT

Capsaicin, a natural phenomenon extracted from Capsicum (hot pepper), extensively used as an anti-inflammatory, anti-
carcinogenic, anti-metastatic, anti-angiogenic and chemo-preventive drug in the field of pharmacology. Protein-protein
interaction network (PPIN) analysis was used to predict the mechanism of action of capsaicin on cancer target
genes/proteins. Targets were curated based on ChEMBL and STITCH databases and their individual interactions were
extracted from STRING database at high confidence. The functional enrichment analysis was performed to identify the
cancer targets of capsaicin in disease module and the core interactome (PPIN)of capsaicin with 403 nodes and 1597
edgeswas constructed using Cytoscape. Furthermore, module/sub-graph identified based on molecular complex
detection (MCODE) algorithm was subjected to gene ontology (GO) analysis to distinguish the biologically enriched
pathway in cancer. Based on this analysis, the mechanism of capsaicin was hypothetically proposed by identifying
essential bottleneck/hub nodes SRC, TAC1, PTGS2, ERBB3 and CREBBP, may be a probable target of capsaicin in cancer
condition and needs further elucidation in molecular level.
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INTRODUCTION

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide)is an alkaloid of Capsicum and belongs to the family
Solanaceae, is known to exhibit ananti-inflammatory, anti-carcinogenic, anti-metastatic, anti-
angiogenicand chemopreventive properties by inducing apoptosis[1,2]. Nearly, 25% of the world
population using capsicum as a natural food ingredient and consumption depends on region, culture and
genetics. The extract of capsaicin has been used long ago as a traditional medicine to treat burning
sensations and analgesics. It is well known that capsaicin-modifies intracellular signalling in certain cells
via receptors found on the surface of the cells and it was confirmed to have shown apoptosis in certain
cancer cell linesas well [3]. Recently, derivatives and analogues of capsaicin with efficient anti-
inflammatory property are being developed for specific targets [4]. Thus, understanding molecular
mechanism of capsaicin is important for developing and designing new molecules.

Biological reactions can be presented in many different ways. In general, protein-protein interaction
complexes (PPI)/signalling pathways are the set of genes/proteins that interact with each other to
achieve a given biological process in a coordinated mode. For instance,signaling pathways in KEGG (Kyoto
Encyclopaedia of Genes and Genomes) uses nodes to represent genes/protein and edges to represent
signals, such as activation/repression, that transmits signals from one gene to another[5]. In recent years,
an in silico validation and analysis of biological networks play a vital role in identifying hub nodes. The
nodes are the well-connected functional proteins maintaining the global network and cell-cell
communication in the complex biological system; these nodes are linked to each other via physical
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interactions [6].The topological parameters explain the role of node in the interactome. In scale-free PPI
network, the gene ontology (GO) of protein networks/modules provides biological meaning to the
signaling pathways. GO analysis is a method to evaluate protein clusters involved in the biological process
of certain diseases[7]. In the present study, we constructed the PPIN of capsaicin target genes associated
with the cancer to elucidate the anti-cancer mechanism of capsaicin. The network analysis was performed
in order to study the relative topological analysis of core interactometo identify the hub node based on
bottleneck score. In addition, sub-graph/module functional enrichment analysis was done for probable
enriched pathways.

MATERIAL AND METHODS

Curation of capsaicin targets

For the identification of target genes/proteins of capsaicin, comprehensive literature survey was carried
out wusing ChEMBL database (https://www.ebi.ac.uk/chembl/# J)and STICH5.0 database
(http://stitch.embl.de/), which are the part of EMBL-EBI used to manually curate the drug-gene
information of bioactive molecules [8, 9].

The physical and functional interactions for each gene was obtained in STRING v10 database
(http://string-db.org), which aims to provide critical evaluation of predicted protein-protein interactions
derived from genomic resources, experimental evidences, text mining, co-occurrence and co-expression
[10].

Functional enrichment analysis

To examine the functional association of capsaicin genes associated with cancer signaling, we performed
functional enrichment analysis through “Database for Annotation, Visualization and Integrated
Discovery” (DAVID) functional enrichment analysis (https://david.ncifcrf.gov/ ) [11], an online tool to
understand the biological significance which defines the role of cancer associated gene targets of
capsaicin.

Construction and analysis of PPIs network

The PPIs network of candidate genes associated with the capsaicin molecule was constructed. To explore
the important hub protein responsible for regulating the core interactome, bottleneck method of
cytohubba was used[12]. The top 10 genes with shortest path were considered as key regulators of core
PPI network [13, 14]. The PPI Network analysis performed in the present study was followed based on
our previous report[15]. The PPIN was visualized and analyzed using open-source Cytoscape v 3.2.1
software [16].The scale free evaluation of core interactions were investigated and analyzed using
Network Analyzer v.3.3.1 by means of power law fit of the form y = ax[17].

In addition, Module analysis was performed using MCODE clustering algorithm[18] by parameters
keeping degree cut-off = 2, node score cut-off = 0.3, k-core = 4 and maximum depth upto 100 and the
clusters less than 8 nodes were discarded[19, 15].

Sub-graph/Module construction

The gene ontology of modules was performed using BinGO plugin of cytoscape to examine the minimum
number of significant genes associated with the capsaicin in the core interactome. For the analysis, the
threshold of p-value was set at <0.05 based on a hypergeometric test[20].

RESULTS AND DISCUSSION

We found 110curated genes associated with capsaicin molecule. The curated genes were further
subjected to functional enrichment analysis to get the cancer associated capsaicin targets. In cancer
condition, the capsaicin has sensitized over 56 differentially expressed genes (Table 1) and the capsaicin
genes associated with cancer signalling were subjected for network construction and analysis to identify
possible drug target.

Network construction and analysis

Based on the STRING database evidence, the cancer associated capsaicin genes interactions at high
confidence (0.7) was considered to build core protein-protein interaction using Cytoscape 3.2, resultant
network has 403 nodes and 1597 edges (Figure. 1). The nodes represent proteins and the edges indicate
their relations. The network topology analysis has identified 10 hub proteins via bottleneck method. The
hub proteins in the protein network is a distinct scale-free networks characterized by a power-law
distribution which contains a small number of highly connected proteins known as hubs and large
number of poorly connected proteins non-hubs. Thus, hub proteins in the network are more likely
involved inregulating cellular functions in the body than non-hub proteins.As a consequence of
limitations of the present approach, some human protein interactions are indistinct. Therefore, the
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protein interactions constructed for this study is not comprehensive and the major connected modules
was selected for further analysis.

The protein network of capsaicin is a scale-free network. To evaluate the confidence of protein network,
topological analysis was calculated using Network Analyzer v.3.3.1.Topological parameters like
Betweenness centrality (BC), Degree distribution (D) and topological co-efficient were computed to find
the hub node in the interactome, while the explanation for each topological parameters was explained in
our previous report based on power law distribution of the form y = ax[17, 15]. In general, Betweenness
centrality is treated as bottleneck protein regulating the whole interactome. Hence, the bottleneck node
in the interactomewas identified as SRC having highest BC value of 0.25 and largest degree of 40 as well.
The network generated by this cut-off value fits better with a scale-free network topology and the
mainstream signalling, which pass through this bottleneck node.This indicates the scale free network of
capsaicin interactions in cancer condition and possesses the property of modularity. All the topological
parameters of the core interactome of capsaicin were presented in Table 2 and some important
parameters like Betweeness Centrality, Degree Distribution and Topological co-efficient were shown in
the graphical plot (Figure 2). The study was further extended to identify the sub-graphs/modules to
enriched biological process acting on cancer network of capsaicin.

Sub-graph and enrichment analysis

Sub-graphs/modules are the highly interconnected clusters derived from the core interactome. Modules
provide concrete hypothesis with regard to disease-related biological process at certain threshold and
are more significant [21]. Based on this hypothesis and to overcome the immense interactions, the
network was divided into four modules through MCODE algorithm (Figure 3). The colour node in the
modules indicates seed node and the others are nodes interacting with seed node.

The functional enrichment result of modules shows that capsaicin haspharmacodynamics interaction
with several biological processes, including G-protein coupled receptor protein signaling pathway,
Prostanoid metabolic process, Response to hormone and chemical stimulus, Signaling etc.as shown in
Table 3. Apart from identified bottlenecks in core interactome, module analysis open up seed proteins
TAC1, PTGS2, ERBB3, CREBBP responsible for regulating cancer signaling and acts as bottleneck nodes in
specific biological processes.

Table 1 The list of capsaicin genes targets retrieved from ChEMBL and STITCH databases.

Gene targets | UniProtID | Gene targets | UniProt ID | Gene targets | UniProt ID
ACHE P22303 CYP2D6 P10635 MAPT P10636
ADRB?2 P07550 CYP2E1 P05181 MC4R P32245
ADRB3 P13945 CYP3A4 P08684 MMP1 P03956
AGTR2 P50052 CYSLTR1 Q9Y271 MMP9 P14780
APEX1 P27695 DRD1 P21728 NFE2L2 Q16236
AR P10275 DRD2 P14416 NR3C1 P04150
CALCR P30988 DRD3 P35462 OPRD1 P41143
CASP1 P29466 DRD4 P21917 OPRK1 P41145
CCKAR P32238 EGFR P00533 OPRM1 P35372
CCR2 P41597 ELANE P08246 POLI Q9UNA4
CCR4 P51679 ERBB2 P04626 PPARD Q03181
CCR5 Q9UK39 ESR1 P03372 PPARG P37231
CNR1 Q9ULM6 ESR2 Q92731 PRKCA P17252
CXCR1 P51681 FLT1 P17948 PTGS1 P23219
CXCR2 P21554 GBA P04062 PTGS2 P35354
CYP1A2 P25024 GLS 094925 SLC6A3 Q01959
CYP2A6 P25025 HMGCR P04035 SLC6A4 P31645
CYP2C9 P05177 MAOA P21397 TBXAS1 P24557
CYP2C19 P11509 MAPK1 P28482
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Table 2The topological analysis of the protein interaction network of Capsaicin interactomes

Network parameters Core interactome | Backbone network
(shortest path length)

Number of nodes/edges 392/1558 164/633

Clustering co-efficient 0.708 0.776

Network centralization 0.121 0.294

Avg. number of neighbors | 7.949 7.720

Network density 0.020 0.047

Shortest path (%) 100% (153272) 100% (26732)

Network diameter 10 6

Characteristic path length | 4.528 3.252

Table 3Gene Ontology (GO) biological process terms of the modules.

Modules GO-ID Description p-value Clustering
frequency (%)
7186 G-protein coupled receptor protein signaling | 2.2302E-39 30/35 85.7%
Module 1 pathway
7189 Activation of adenylatecyclase activity by G- | 1.2228E-30 15/35 42.8%
protein signaling pathway
6692 Prostaglandin metabolic process 4.6856E-24 8/8:100.0%
Module 2 | 46457 Prostaglandin biosynthetic process 5.6479E-22 7/8 87.5%
9725 Response to hormone stimulus 1.9473E-16 16/32: 50.0%
Module3 | 9719 Response to organic substance 1.0453E- 19/32 59.3%
42221 Response to chemical stimulus 5.7181E-14 20/29 68.9%
Module 4 | 23052 Signaling 5.0112E-12 24/29 82.7%

Figure 1The PPI network of capsaicin target genes. The nodes and edges specify the genes and their

Increasing BC

relationships. The bottleneck node colour ranges from yellow to red with increasing BC.
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A) B) C)

Figure 2 The graphical plot presenting the topological properties of capsaicin network. A) Betweeness
Centrality B) Degree Distribution and C) Topological co-efficient.

Figure 3 MCODE analyses of modules in PPIN of capsaicin. Four modules were extracted. Red colour
nodes represents seed protein and other gray colour nodes that interacts with seed proteins.

CONCLUSION

Protein interaction network analysis of capsaicin possesses scale-free network and modularity properties
based on topological parameters. This scale-free network has led to the detection of topologically
significant nodes known as hubs/bottlenecks proteins. This method was employed for the analysis of
core interactome as well as modules/sub-graphs to identify the key regulators involved in cancer through
topological measure. The topological analysis identifies SRC, TAC1, PTGS2, ERBB3 and CREBBPas
essential bottleneck proteins in regulating the cancer signaling. Furthermore, functional enrichment
analysis of modules confirmed that the bottleneck proteins interact directly/indirectly with the non-hub
proteins involved in regulating cancer. Hence, the present study provides potential biomarkers known as
bottleneck nodesas a therapeutic target for cancer treatment.However, further experimental validations
are needed to confirm these conclusions. Though the present analysis is hypothetical, this study may
provide a well-organized way to elucidate mechanism of capsaicin for its experimental applications and
future drug developments.
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