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ABSTRACT
Steroidal alkaloid cortistatin is a promising marine natural compound isolated from marine 
sponges Corticium simplex. Experimental studies and clinical evidence have shown 
that cortistatin and its derivatives have a curative effect in patients with autoimmune 
disorders, HIV infection and several types of cancer. The objective of our study was 
to examine the potential cancer-related therapeutic objectives of Cortistatin using a 
network pharmacology method, which is a computational approach, including inverse 
pharmacophore research, enrichment analysis, molecular docking and dynamics study. 
Systematic protocol also involves the assessment of ADMET parameters to define 
the pharmacokinetic profile of cortistatin. Inverse pharmacophore search method was 
used for computational target fishing and target proteins were ranked based on the 
graph theory approach. Cancer target proteins, namely HSP90, EGFR, CDK2, MMP13, 
MAPK13, AR, ESR1, PTPN11 and SRC, were classified as top-ranking proteins according 
to graph theory parameters, namely MCC, DMNC, MNC, Degree(Local-based methods), 
EPC, Bottleneck, Eccentricity, Closeness, Radiality, Betweenness, Stress(Global-based 
methods) and Clustering Coefficient. Enrichment assessment established on Gene 
Ontology and pathway analysis of these proteins that play a vital role in cancer pathways, 
FaxO Signalling pathways, Ras Signalling pathways and tyrosine metabolism. Molecular 
docking and dynamic simulation studies of cortistatin with proposed target proteins were 
found to be stable and conformers generated after 3ns were consistent with stable 
inter-molecular interactions. The current study summarized here would provide a broad 
perspective on the therapeutic potential of cortistatin and provide new insights into the 
future development of cancer therapy strategies. 
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INTRODUCTION
Marine derived compounds have a variety 
of chemical structures, functions and thera-
peutic properties. The marine environment  
conditions provide the necessary environ-
ment to produce secondary metabolites with 
potentially promising curative bioactivity, 
which has led to effective clinical findings  
suggesting the advancement of marine-
originated anticancer drugs.1,2 (The National 
Institutes of Health (NIH) has stated that 
the total of newly discovered incidents  
of cancer is projected to rise to 23.6 million 
per year by 2030. India accounted for  

the third highest number of cancer cases 
among women, estimated at 0.7 million in 
2017. The very widespread cancers listed are 
breast cancer, lung and bronchial cancer, 
prostate cancer, colon cancer, rectal cancer, 
bladder cancer, non-Hodgkin lymphoma, 
renal and pelvic cancer, endometrial can-
cer, leukaemia, pancreatic cancer, skin 
melanoma thyroid cancer and liver cancer.3 
The search for new bioactive compounds 
from marine organisms has resulted in 
more than 25,700 metabolites to date. 
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Most of these compounds have pharmacological 
properties, including anti-tumor, anti-angiogenic, 
anti-proliferative, cytotoxic, photoprotective, anti-
inflammatory, anti-oxidant, anti-fouling and anti-
HIV.4,5 Cortistain was one such example, isolated from  
the Corticium simplex marine sponge for the first time in  
2006. This compound is the most potent and selective 
CDK8 and CDK19 inhibitor. There have also been 
few preclinical and clinical studies of cortistatin anti-
HIV potential reported.6 In this study, the molecular 
structure of Cortistain was evaluated according to a  
variety of parameters, such as rule-of-five, which examined  
compounds for the definition of physicochemical 
ranges with a high probability of being an oral drug.7 
The implementation of computational methodologies  
for the repurposing of the drug molecules for specified  
receptor proteins is a key area in the pharmaceutical 
industry due to its economic benefits and time savings. 
Computer-assisted, appropriate receptor scanning will 
be able to enhance drug discovery as well as design 
activities and thus address current medical needs. 
Inverse pharmacophore scanning is a promising strategy  
for the in silico target prediction method.8

MATERIALS AND METHODS
Ligand preparation

Rational drug design strategy involved two key factors, 
namely small molecules pharmacophore assessment of 
the characteristics and affinity to the disease-related  
biological target. Three dimensional cortistatin structure  
was recovered from pubchem (SDF format). Clean  
geometry was used to assess the coordinates of the  
cutaneous atoms, bond order at the specified location. 
Molecule was optimized with the CHARMM force 
field and minimized conformers were subjected to 
pharmacophore mapping.9

Pharmacokinetic properties and drug likeness of 
cortistatin

The Swiss ADME web-based server was used to calculate  
ADME, physicochemistry, drug likeness (Lipinski / 
Ghose / Veber / Egan / Muegge filters), pharmacoki-
netics and cortistatin-friendly medicinal chemistry.10 
In addition, Discovery Studio has been used to predict  
ADMET Descriptors for example Hepatotoxicity, Blood  
brain barrier, plasma protein binding and aqueous  
solubility. The pharmacokinetic properties of Cortistain  
have been shown to be effective in proposing as a drug 
compound with high biological activity.

Inverse pharmacophore-based target retrieval

The potential targets for cortistatin were predicted by 
Pharmapper. It is a web server that performs reverse 
pharmacophore matching using a semi-flexible query 
compound alignment strategy against the in-house 
pharmacophore model catalogue, specifically Pharm  
Target DB glossed information after all the target  
evidence obtained from Binding DB, Target Bank, Drug  
Bank and Potential Drug Target Database.11 The target  
proteins with the utmost pairwise fit scores among 
the pharmacophore models and the query compound 
remained projected as potential targets.

Network creation and enrichment assessment of 
cortistatin

The pharmMapper target selection for Cortistatin 
resulted in 101 targets from which the top 10 were  
screened using Cytoscape, an open source software  
platform for visualization of complex networks and  
pathways. A highly reliable functional interaction  
network has been built along the curated pathway. The 
potential targets obtained are screened using Cytoscape 
version 3.6.1, an open source bioinformatics software 
programme for envisioning molecular interactions,  
pathways and integrating these networks with annotations,  

Figure 1: Bioavailability radar; The pink area represents the 
optimal range of each properties. Plot of polar surface area 
(PSA) vs LogP for cortistatin, showing 95% and 99% of the 

confidence limit ellipses corresponding to the Blood  
brain Barrier and intestinal adsorption models. Similarly,  

the optimal level of hepatotoxicity should be 0, which means 
nontoxic; and low penetration; and the PPB should be 0. 
These values indicate that Coristatin can be proposed as 

therapeutic compound.
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gene expression profiling data.12 First, networks were  
created using PSICQUIC, which provides program-
matic access to molecular interaction databases such as 
Biogrid13 and Reactome14 databases.
The PPI networks have been merged into the cytoscape  
platform and the target list of notes and edges was  
submitted for enrichment analysis to identify key  
pathways, ontological terms associated with the proteins  
listed. To obtain the top 10 proteins, the Cytoscape app 
called cytohubba15 and clueGo16 were used. In addition, 
a pathway analysis was conducted to provide additional 
support to demonstrate the involvement of proteins 
in the cancer pathway. These networks were merged  
manually to obtain imperative nodes / hubs then friable  
patterns in the interactome network by numerous topo-
logical procedures comprising Degree, Edge Percolated 
Component (EPC), Maximum Neighbourhood Com-
ponent (MNC), Maximum Neighbourhood Component  
Density (DMNC), Maximum Clique Closeness, Radiality,  
Betweenness and Protein Stress Factors in the PPI network.

Protein preparation, ligandability, Druggability 
screening

The hub proteins of the PPI network were EGFR, 
HSP90a, CDK2, MMP13, SRC, AR, ESR1, PTPN11 and 
MAPK13. The three-dimensional experimental struc-
tures were then downloaded using Protein Data Bank 
(PDB).17 Hetero atoms and alternative conformers were 
then removed to enrich the receptor-ligand interaction 
study. The cavity algorithm was used to screen binding 
site residues as well as cavity ligand ability, druggability 
and pharmacophore characteristics within cavities.18

Docking and scoring function

A total of 9 proteins were docked with the Ligand Fit 
protocol cortistatin in Discovery Studio, which provides 
shape-based docking for accurate docking of ligand in  
protein-active sites.19 This approach combines the  
conformational search of Monte Carlo with the  
comparison filter of shape for the generation of ligand 
poses reliable with the active site shape. Cortistatin 
docked with proposed targets was analysed on the  
basis of inter-molecular interactions and six score  
functions, namely LigScores 1 and 2, JAIN, Piecewise 
Linear Potential (PLP1, PLP2) and Potential of Mean 
Force (PMF) were used for the calculation of the Dock 
Score Consensus.20

Molecular dynamics and simulation

Molecular dynamics and simulation findings were  
used to explore the strength of cortistatin and receptor  
docking complexes that could result in antagonistic  

activity within the system. Here we examined the struc-
tural integrity of EGFR, HSP90a, CDK2, MMP13, SRC, 
AR, ESR1, PTPN11 and MAPK13 with Cortistatin in  
the explicit solvent setting using the Standard Dynamics  
Cascade (SDC) protocol. CHARMM Force Field9 was 
used to optimize geometry and simulate molecular 
dynamics. The docked complex geometry was further  
optimized with the steepest descent and conjugate  
gradient algorithms. The 300 K MD simulations were 
performed in an implicit water model. Solvent effects  
were considered with implicit therapy (distance-dependent  
dielectric constants; dielectric constant=4). The balancing  
phase was completed to balance the systems at the  
target temperature. A molecular dynamic assembly 
process has been carried out in an appropriate NVT 
thermodynamic set at a given temperature based on the 
balanced system from the earlier step. The output of 
the production stage is stored at 2 ps time interludes. 
Lastly, the pathways delivered for receptors and their 
cortistatin complex from the construction run were 
analysed and evaluated.

RESULTS AND DISCUSSION
Pharmacokinetic properties and drug likeness 
profiling of Cortistatin 

According to the Rule of five proposed by Lipinski and 
Co-workers, cortistatin is orally well absorbed since 
its molecular weight is 472.62 g / mol and consists of 
two hydrogen bond donors and two hydrogen bond 
acceptors. The pink area in the Figure 1 represents the 
optimal range of drug-like properties, i.e. lipophilicity: 
XLOGP3:2.71, molecular weight:472.62 g / mol,
Polarity:65.82 Å2, solubility: moderately soluble, the  
saturation parameter denotes a fraction of 0.57 carbon  
during the sp3 hybridization and two rotatable bonds 
confer flexibility to the compound. Thus, the cortistatin  
bioavailability score falls within the bioavailability range.

Inverse pharmacophore-based target screening

Potential cortistatin targets were predicted using the 
Pharm mapper, the top-listed target proteins were 
recovered based on the highest ligand-target pairwise fit  
score. Further refinement was made based on the phar-
macophore and fit score and the top 101 cortistatin target  
proteins were analysed for protein interaction using the 
Proteomics Standard Initiative Common Query Interface.

Hub protein screening based on centrality 
parameters

Screening of cortistatin modulatory effect on pharm 
mapper projected protein targets protocol initiated 
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with the PPI network construction using PSICQUIC 
platform. PSICQUIC source assist.
The computational read to molecular-interaction data 
sources by implies of a standard Web Service and query 
language. Biogrid and the Reactome databases were 
preferred for the construction of the PPI network. The 
Biogrid based PPI network was observed with 2771  
nodes, 5562 edges and the Reactome network consisting  
of 2734 nodes and 5919 edges and these two major 
networks were merged and comprised of 5505 nodes 
and 11481 edges as shown in Figure 2. Then, through 
the Cytohubba application in Cytoscape, the merged 
network, the top 10 nodes (genes) were screened using 
separate estimation methods, namely MCC, DMNC,  
MNC, Degree, EPC, Bottleneck, Eccentricity, Closeness,  
Radiality, Betweenness, Stress and Clustering Coefficient.  
The intersecting genetic factor derived from these 
parameters, namely EGFR, HSP90a, CDK2, MMP13, 
SRC, AR, ESR1, PTPN11 and MAPK13, represented 
key contender genes with crucial biological regulatory 
events. These parameters were well-defined as the size 
of the maximum connected components containing 
the target nodes and its neighbours. Both modules were  
highly enriched by oncogenes, tumour suppressors  
and genes involved in signal transduction as shown in 
Figure 3. The coloured dots, ranging from deep red to  
yellow, represent the top 10 genes and their network 
representation with other genes. The red and yellow  
rectangles represent the target proteins and the con-
necting lines represent the correlation and functional 
associations.
The betweeness of a protein implies the capability of a 
protein to bring in interaction distant proteins. Whereas 
the closeness and radiality is inferred as the possibility  
of a protein to be functionally appropriate for numerous  

more proteins and in signalling networks, proteins 
with very high degree are interacting with several other 
signalling proteins. The stress indicated the molecule 
may involve in a cellular process but unable to provide 
interaction between other proteins. Similarly, the eccen-
tricity of a node in a network explained as the ease of 
the protein to be functionally attained or influenced by 
all other proteins. Thus, the detailed protein signalling  
parameters of the network show the activity and influence  
of important genes on cancer pathways. Analysis of the 
problem from the point of view of biological pathways 
provides the etiology of the disease and GO terms such 
as biological process, molecular function and cellular 
component. It indicates the genes associated with the 
disease or other phenotype and the pathways affected 
by the genes. Analysis of the hub genes shows that they 
mainly participated in a 59.12 percent cancer pathway, 
FoxO signalling pathway, Ras signalling pathway and 
acute myeloid leukaemia, as shown in Figure 4.

Screening of Hub genes with aberrant expression 
and clinical significance

In order to investigate the clinical significance of hub 
genes, genetic modifications in hub genes were confirmed 
by engaging cBioportal, an online resource that can exam-
ine datasets derived from the TCGA database Figure 5.21,22 
OncoPrint from cBioportal reported that the predicted  
hub exhibited genetic alterations, including amplification,  
significant depletion, mRNA upregulation and variation.  
Overall Kaplan-Meier Survival estimation of the hub 
genes is seen in Figure 6.

Figure 2: Merged Network of Reactome and Biogrid protein 
protein interaction network based on pathways and  

interaction network within the specified system.

Figure 3: Cytohubba app listed the hub genes based on 
degree in the protein-protein interaction network. Specified 

P<0.05 value retrieved the 9 genes.
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Molecular docking, dynamics and simulation 
analysis

Molecular docking was systematically used to understand 
the interactions between the drug receptors. The target 
protein structures were downloaded from RCSB PDB 
and for structural enrichment the hetero atoms, ligands  
and alternative conformers were excluded. Using  
Discovery Studio 2.1, docking is done by applying the 
CHARMM force field and the protocol for ligand 
suit. CHARMM is a common field of all atomic force 
with a wide range of proteins, nucleic acid and general  
organic molecules. Then the binding sites are predicted 
using grid search and ERASER algorithm based on the 
receptor shape by eliminating all grid points that are  
not in contact with the receptor, thus identifying receptor  
cavity sites.
Ligand fit docking occurs as three stages where the 
docking of ligands or ligands into the binding site of  
the receptor takes place at stage one, at stage two, in-situ  
minimization where the ligands can be energy-mini-
mized in the presence of a fixed or partially flexible 
receptor and various scoring functions are used at the 
last stage, such as Ligscore1, Ligscore2, PLP1, PLP2, Jain 
and PMF. These scoring functions assess the structures  
and binding affinities of the specified cortistatin-receptor  
complexes. The Jain score is a total of five terms of  
interaction, such as lipophilic interactions, Polar attractive  
interactions, Polar repulsive interactions, protein and 
ligand solving and ligand entropy. LigScore1 and PLP 
is a fast, easy scoring function for predicting binding  
affinities between the receptor-ligand. PLP scores are  
calculated in arbitrary units, with recorded negative  
PLP scores to make it to them appropriate for use in 
consensus score computations afterwards. Higher PLP 
scores demonstrate better binding of the receptors-
cortistatin complexes. The Candidate ligand poses 
are evaluated and prioritized according to the Table 1 
Dock Score feature. There are two forms of Dock Score. 
One is centred on a calculation of the force field, the 
additional on the Piecewise Linear Potential Function 
(PLP). The energy grid used in our docking analysis 
is PLP1 and dreiding and the minimisation algorithm 
is Conjugate Gradient, which uses the prior history of  
minimization steps and the existing gradient to evaluate  
the next step. In general, the minimization process is 
performed to ease the configuration and take off steric 
overlap that delivers poor interactions.
The docking with the target protein has been studied 
regarding the following criteria, such as the interaction of  
amino acids, ligand and protein atoms include bonding 
with hydrogen and ratings. The dock score obtained for 
Cortistatin and EGFR complex is 85,465 with 4 carbon, 

Figure 4: ClueGo app in the cytoscape platform listed the 
enriched GO network groups related cancer induction.

Figure 5: Hub genes aberrant expression and clinical  
significance using Oncoprint as per TCGA.

dataset. Onco Prints are portable ways to represent various 
genomic modifications, including somatic mutations,  

alterations in copy numbers, and modifications in mRNA 
expression across a spectrum of cases.

Figure 6: Overall survival Kaplan -Meier estimate for the Hub 
gene set (HSP90, EGFR, SRC, MMP13, MAPK13, AR, ESR1 

and CDK2) differential expression and their evidence-based 
information on survival time.
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Table 1: Scoring Function values of cortistatin receptor complex.
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Cortistatin with EGFR 1.64 3.43 89.46 77.8 -0.08 82.27 85.465

Cortistatin with CDK2 1.56 2.48 68.13 80.06 4.04 27.21 51.251

Cortistatin with MMP13 2.07 4.67 106.52 99.51 2.42 13.26 86.893

Cortistatin with MAPK13 3.66 4.89 76.53 79.13 0.04 58.85 76.523

Cortistatin with SRC -0.82 -1.54 87.87 89.72 2.22 47.24 80.594

Cortistatin with HSP90 -11.97 -20.34 101.45 115.35 9.34 180.88 91.065

Cortistatin with ESR1 2.45 4.18 80.55 90.1 9.44 167.73 55.241

Cortistatin with AR -3.26 -5.79 76.76 98.85 15.84 106.53 32.541

Figure 7: Analysis of interaction between the Cortistatin and  
EGFR target protein surface with ligand in the interaction  

defined pocket. He protein and ligand interaction were  
denoted by dotted lines.

Figure 8: Analysis of interaction between the Cortistatin and  
CDK2 target protein surface with ligand in the interaction  

defined pocket. He protein and ligand interaction were  
denoted by dotted lines.

Figure 9: Analysis of interaction between the Cortistatin  
and MMP13 target protein surface with ligand in the  

interaction defined pocket. He protein and ligand interaction 
were denoted by dotted lines.

Figure 10: Analysis of interaction between the Cortistatin and 
MAPK13 target protein surface with ligand in the  

interaction defined pocket. He protein and ligand interaction 
were denoted by dotted lines.

traditional hydrogen bonds, pi bonds and alkyl bonds 
present within the EGFR domain regions as shown in 
(Figure 7), while the dock score for CDK2 is 129,104 
and there were 3 hydrogen bond interactions between 
CDK2 and Cortistatin as shown in (Figure 8).
The promising therapeutic target MMP13, demonstrated 
a stronger binding affinity with the cortistatin and 
the dock score of 86,893 was observed. Two hydrogen 
bonds (Figure 9) have established interactions between 

MMP13 and cortistatin. Mitogen-activated protein  
kinase 13 is another promising therapeutic anticancer 
target showed better binding with the dock score of  
76.52 and traditional hydrogen bonds mediate and  
stabilize the interactions shown in (Figure 10) The 
interaction-based dock score obtained for cortistatin 
and SRC is 80.594 with two hydrogen bonds between 
the molecules lying with the protein domain region 
(Figure 11). HSP90 mediated four cortistatin hydrogen 
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bond interactions and the calculated dock score was 
91.065 (Figure 12). The binding affinity to cortistatin  
of the estrogen receptor alpha gene (ESR1) was  
comparatively small but interactions were within its 
drug gable cavity residues (Figure 13).
The intensification of the estrogen receptor alpha 
gene (ESR1) resulted in over-expression of the estrogen  
receptor protein in different forms of cancer, spe-
cifically breast cancer. Our docking studies mediated 
hydrogen-bonded interactions between cortistatin 
and ESR1. Similarly, another promising Androgen 
receptor anticancer target (AR) also showed better 
binding affinity with cortistatin and binding score 

Figure 14 and Table 2. Molecular dynamics simulation 
extensively evaluated the actions of cortistatin with its 
root mean square deviation profiles, binding mode 
and intermolecular bond counts at the drug gable 
sites of cancer targets. The result of MD trajectories  
was 2500 conformations, since we reported conformation  
at every 2ps. The presence of intermolecular bonds 
found in 0 ns was confirmed after 5ns MD trajectories 
at 1ns, 2ns, 3ns, 4ns and 5ns and was not diminished 
in the case of cortistatin (Figure 15).
In addition, cortistatin complex trajectories were tested 
for root mean square deviation (RMSD) and root mean 

Figure 11: Analysis of interaction between the Cortistatin and 
SRC target protein surface with ligand in the interaction  
defined pocket. He protein and ligand interaction were  

denoted by dotted lines.

Figure 12: Analysis of interaction between the Cortistatin and 
HSP90 target protein surface with ligand in the interaction  

defined pocket. he protein and ligand interaction were  
denoted by dotted lines.

Table 2: Non- bonded interactions observed for Cortistatin A and receptor complexes.
Ligand Amino acid Atom Distance

Ligand Receptor
Cortistatin A and EGFR ASP 800

ASP 800
LEU 718
LEU 788

H61
H56
H57
H69

OD2
OD2

O
O

2.5093
1.75975
2.90109
3.03434

Cortistatin with CDK2 ASP 86
ILE 10

ASP 145

H60
H56
H69

OD1
O

OD1

1.82968
2.51815
2.97874

Cortistatin with MMP13 PHE 241
ILE 243

H69
H69

O
O

2.60789
2.91228

Cortistatin A with MAPK13 GLY 37 H60 O 2.04266

Cortisatin A with SRC TYR 340
SER 342

H69
H69

OH
O

2.34851
2.71318

Cortistatin A with HSP90 ASP 93
THR 184
ILE 104
ASN 105

H61
H64
H69
H69

OD2
OG1

O
O

2.26701
2.1699
2.6821

2.76089

Cortistatin A with ESR1 LEU 346
LEU346
GLU353
ALA350
LEU387

H60
H56
H61
HA
H66

O
OE2
O3
O
O

3.03117
1.97384

2.403
2.21053
2.51799

Cortistatin A with AR ASN705
ASN705
VAL903

H60
H56
HA

OD1
OD1
N5

1.7622
2.87664
2.18962
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square fluctuation (RMSF) to evaluate the structural  
level changes. Cortistatin and receptor complex backbone  
variance (N, Cα, C) was determined from the RMSD 
value during MDS. Cortistatin docked complex struc-
tures that were observed with variations from 0.7 to 1.9 
A0 to equilibrium state (Figure 16). After equilibrium 
(3ns), the complex system and trend were stabilized 
and this trend continued up to 5ns. RMSF values were 
reported to test the residues with greater flexibility,  
which in turn affects the rigidity of the docked struc-
ture.
Residues with higher RMSF values revealed the residue 
with more flexibility at 55(EGFR), 73(AR), 139(CDK2),  

174(MAPK13) (Figure 17). In general, higher RMSF  
values meant more flexibility, while smaller RMSF values  
revealed restricted movement during simulations.23

Impoverished pharmacokinetics and toxicity are major  
causes for expensive late-stage dysfunctions in drug  
production and it is increasingly accepted that these 
areas should be identified in the drug discovery phase.  
Computational methods will improve our competence  
to calculate and model pharmacokinetic, metabolic  
and toxicity endpoints, thus transforming the drug 
development process and accelerating it. Marine derived 
cortistatin properties meet the criteria and are therefore 
considered a promising candidate for the expansion of  
anti-cancer drugs. Using PharmMapper, putative targets  
are identified for which cytoscape network, gene ontology  
and pathway analysis have been developed.
The network implied that there are several targets for 
Cortistatin and further indicated that it has different 
pharmacological activities. For cortistatin with HSP90, 
EGFR, SRC, MMP13, MAPK13, AR, ESR1 and CDK2, 
highly articulated in breast cancer, colorectal cancer, 
lung cancer and ovarian cancer, molecular docking and  
subsequent molecular dynamics and simulation studies  
were performed. Amplification of the ESR1 locus  
outcomes in overexpression of oncogenic ER protein  
in the breast and potentially decreases the responsiveness  
of ESR1 amplified breast tumours to endocrine treatments  

Figure 13: Analysis of interaction between the Cortistatin and 
ESR1 target protein surface with ligand in the interaction  

defined pocket. He protein and ligand interaction were  
denoted by dotted lines.

Figure 14: Analysis of interaction between the Cortistatin and 
AR target protein surface with ligand in the interaction  
defined pocket. He protein and ligand interaction were  

denoted by dotted lines.

Figure 15: Total energy based simulation observed with the 
time scale of 5ns, MAPK13 and cortistatin complex energy 
was comparatively lower than the rest of seven receptor 

cortistatin complex.

Figure 16: RMSD evalauation of cortistatin and receptor 
docked complexes is a represention maily for analyzing 

stability of protein and predicting conformational changes of 
protein. RMSD.

values depend up on binding interaction and energy between 
protein and ligand. Our studies revealed that AR, MAPK13 
and HSP90 were the optimized protein with lowest RMSD 

values.

Figure 17: RMSF values in MD trajectory analysis revealed the 
conformational changes of cortistatin and receptor docked 

complex.
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cancers. Consequently, more refined studies on cortistatin  
can be undertaken as an anti-cancer target.

CONCLUSION
Proposing drugs that meet several targets is a drug 
design challenge. Since they identified several of the 
active drug targets with minimal structural similarity. 
While the detection of appropriate targets and drugs 
performs a crucial role in the design of poly phar-
macological modulators. The inverse pharmacophore 
method has been used in this study to test the suitable 
therapeutic target for cortistatin. The integrated method  
was used to screen target proteins based on their drug-
gability, ligandability, hubness in the protein interaction  
network and aberrant transcriptional profile in cancer 
tissues. Specific target proteins namely HSP90, EGFR, 
SRC, MMP13, MAPK13, AR, ESR1 and CDK2 have 
been identified as appropriate cortistatin targets. Such 
proteins were associated predominantly with cancer 
pathways, Faxo signalling pathways, Ras signalling and  
tyrosine metabolism. Simulation experiments were  
carried out to test their intermolecular interactions and 
their stability in further molecular docking. Intermo-
lecular bonding distance, five distinct scoring evaluations  
to calculate the binding affinity, stability of the docked 
complexes with a time scale of 5ns, based on the Dock 
Score. In docked state MAPK13, HSP90 and CDK2,  
the potential, kinetic and total energy profile were 
identified with the promising rank. Stable intermolecu-
lar interactions were also observed with other receptors 
like EGFR, SRC, MMP13, AR, ESR1. To validate the  
observed intermolecular interaction and associated  
inhibitor activity of cortistatin, further in vivo and  
in vitro experiments therefore need to be carried out.
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and ultimately contributes to advancement of disease 
and metastasis.24

Selective modulators of estrogen receptors such as  
cortistatin can function as an antagonist of the ER. 
Interacting positions LEU 346, LEU346, GLU353, 
ALA350, LEU387 of ESR1 with cortistatin have been 
validated with earlier research of pang et al. to screen  
potent Estrogenic receptor inhibitor design based on  
in silico research and in vivo method.25 Regulation of 
expression and action of HSP is crucial to blocking 
their oncogenes is cycle throughout malignancy. In 
addition to that, HSP protects the tumour cells during 
cytotoxic therapy and assists the evolutionary process 
of resistant traits, while storing quasi-stable proteins of 
the variants.
Such distinct mechanisms perform a crucial role in the 
advancement and development of tumour cells within 
the system.26 Earlier studies focused on unique phar-
macophore characteristics for HSP90 inhibitor design 
revealed the important amino acid role of HSP90.  
Key residues namely Asp93, Thr184, ILE 104,ASN 105 
mediated interaction with experimental HSP90 inhibitors  
such as Geldanamycin, Radicicol.27 Cortistatin has also 
shown stable intermolecular interaction with HSP90.  
Hsp 90 affinity to cortistatin paves the way for more  
in vitro and vivo studies needed to examine the effect 
of the antitumor. The rates of expression of MMP-7, 
MMP-9, MMP-13 and TIMP-1 were elevated in cancer  
tissue than in neighbouring usual mucous membranes.28

MMP13 Expression in the study of the associations 
among gene expression and clinic opathological factors 
was observed to associate with liver metastasis. Design-
based studies based on structure based MMP13 inhibitor  
to reveal similar intermolecular interactions such as 
cortistatin.29 Our insilico studies showed the binding 
affinity of cortistatin inside the MMP13 druggable  
cavity. MAPK13 over-expression in gynaecological  
cancers and has functions in the preservation of stem-like  
cancer cells (CSCs)/cancer-initiating cells (CICs) and  
tumor-initiating potential.30 Thus, intermolecular 
interaction with cortistatin may render antagonistic 
activity within MAPK13.
Cycline-dependent kinase-2 (CDK2) performs a crucial 
function in controlling numerous instances in the  
eukaryotic cell division process, resulting in irregular cell  
cycle control resulting in cancer cell hyperproliferation.31  
So targeting CDK2 with cortistatin could pave the way 
for the individual affected to have a potential beneficial 
anticancer effect. The molecule has shown promising 
interactions with cancer-related proteins in our present 
research which are responsible for different forms of  
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SUMMARY

Cortistatin, a steroidal alkaloid identified from marine 
sponges Corticium simplex, is a promising marine 
natural compound. Cortistatin and its derivatives have 
been proven to have a curative impact on individuals 
with immune system related disorders,thus would like 
to explore their modulatory effect on proteins that are 
populated in the tumor microenvironment. For com-
putational target fishing, the inverse pharmacophore 
search method was employed, and target proteins such 
as HSP90, EGFR, CDK2, MMP13, MAPK13, AR, 
ESR1, PTPN11, and SRC were prioritised using the 
graph theory approach. Cortistatin was found to be 
stable in molecular docking and dynamic modelling 
investigations with putative target proteins, and con-
formers formed after 3ns were consistent with stable 
intermolecular interactions. The current study, as 
summarised above, would provide a wide view of cor-
tistatin's therapeutic potential as well as new insights 
into the future development of cancer therapy.


