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ABSTRACT
Introduction: The two most common cancer-related causes of mortality, breast and pancreatic cancer, 
account for a significant portion of deaths worldwide. Our research included genomic and docking 
investigations using a variety of cancer illness datasets, for the identification of potential hub genes as 
target receptors. Based on literature reviews, we focused on conotoxins, a marine animal-derived substance 
secreted by cone snails, which serves as a ligand protein in the treatment of many disorders like cancer. 
Methods: The Gene Expression Omnibus (GEO) dataset of NCBI was used to compile the information 
on breast and pancreatic cancer. In this study, two microarray datasets (GSE36775 and GSE113865) were 
evaluated and screened out significantly differentially expressed genes (DEGs) that had P<0.05, using 
NCBI GEO2R. Furthermore, Cytoscape is used to examine the highly conserved genes across various 
cancer types. A protein-protein docking study was conducted using the H-Dock server. Results: Gene 
conservancy studies revealed that 963 genes in total were preserved in two significant cases. To identify 
their metabolic pathways, a system biology approach was used, and docking studies of receptor proteins 
against diverse conotoxins were also conducted. The two compounds with the highest docking scores are 
CCNB1 + conotoxinPVIIA (−257.64 Kcal/mol) and CDK1 + conotoxinGeXIVA (−246.66 Kcal/mol), 
respectively. Conclusion: In the fight against cancer, our study has shown that conotoxins-derived peptides 
have enormous promise for selectively targeting cancer cells. We concluded that animal-based compounds 
may unveil new areas of study for researchers.
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INTRODUCTION

Breast cancer roughly (10–20%) and pancreatic 
cancer are two devastating malignancies that 
continue to pose significant challenges to global 
health.[1,2] Breast cancer is a malignant tumor, that 
affects about 1.4 million people with the second-
highest mortality rate among women, while 
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pancreatic cancer is the most prevalent lethal 
tumor type worldwide and the fourth-leading 
cause of death.[3,4] At present, the number of people 
with pancreatic and breast cancer is still rising. In 
2020, there were around 2.3 million new instances 
of breast cancer diagnosed globally.[5] Despite 
significant improvements in research and therapy, 
there is still a substantial cause of morbidity and 
mortality. Therefore, it is crucial to investigate 
novel therapeutic approaches for cancer therapy 
that can enhance the treatment.
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Recently, there have been advancements in the field 
of toxicology research; conotoxins are a diverse 
class of naturally occurring peptides derived from 
marine cone snails that have shed light on the 
potential of these small peptide toxins as valuable 
therapeutic agents. A cone snail is a marine 
gastropod belonging to the phylum Mollusca, 
family Conidae and genus conus,[6] contains a 
venom gland that secretes neurotoxins generally 
referred to as conopeptide or conotoxins, and has 
emerged as a promising class of natural product for 
cancer therapy.[7,8] Approximately 100,000 natural 
conotoxins have been identified in various cone 
snails around the world.[9-12] Therefore, the cone 
snail can exhibit the largest collection of natural 
marine drugs. The most common commercial 
conotoxin is ω-MVIIA (ziconotide), derived from 
the venom of conus magus species and approved 
by the U.S. Food and Drug Administration to treat 
chronic pain in serious cancer and AIDS patients.[13] 

Conotoxins are classified into different families 
depending on the types of their molecular targets 
and corresponding pharmacological activity.[14,15] 
Conotoxin has a wide range of structural and 
functional diversity and mainly targets membrane 
protein receptors, especially ion channel and 
receptor proteins. Membrane ion channels and 
receptor proteins have a significant role in cell 
proliferation and play an essential role in the 
development of cancer.[16] In recent years, one of 
the most prominent areas of research has been 
the potential use of natural products, including 
compounds derived from marine organisms as a 
source of new cancer treatments.[17] Ultimately 
proliferation studies demonstrate that inhibition 
of protein expression or channel blockade by any 
specific inhibitor reduces cell proliferation. Thus, 
selectively targeting and blocking receptors or ion 
channels would be a blessing for cancer therapy.
In this research, hub genes were identified based 
on genomic expression contributing crucially 
in the cell cycle of cancer patients by causing 
inflammation and proliferation in the essential 
organs, which results in discomfort and death. 
The capacity of conotoxins to target particular 
cell cycle-related genes like CDK1 and CCNB1 
has been investigated. This article provides an 

overview of the potential use of conotoxins as a 
novel therapeutic approach for pancreatic and 
breast cancer, highlighting their diverse modes of 
action and the promising results observed.

MATERIALS AND METHODS

Data collection and identification

Data samples were screened from the NCBI’s 
Gene Expression Omnibus (GEO) dataset,[18] a 
public functional genomic database containing 
high-throughput gene expression data, chips, 
and microarrays, to explore potential therapeutic 
targets for pancreatic and breast cancer. Two 
microarray datasets (GSE36775 and GSE113865) 
were investigated in this research. In case 1 
(GSE36775), pancreatic cancer patients were 
taken under two different conditions: The first 
involved exposure of the pancreatic stellate cell 
line (stellate cells are resident cells of the pancreas) 
to the pancreatic cancer cell line (capan1) and the 
second involved taking only cancer cells. The 
second case (GSE113865) involved breast cancer 
under two different conditions: The first is triple-
negative breast cancer (TNBC) which has low or 
no expression of, estrogen receptor, progesterone 
receptor, and human epidermal growth factor 
receptor 2 and the second is normal breast tissue.
Using an internal shell script, the GEO2R program 
was used to reanalyze the data and resulting in 
the generation of box plot, volcano plot, and MA 
plot along with gene expression table using the 
Benjamin-Hedge Hoch test, limma package-R 
software and further screening out significantly 
differentially expressed genes (DEGs) based on 
P ≤ 0.05, which is statistically significant. We 
identify the conserved genes across two distinct 
cancer case studies using Venn Ghent software.[19]

System biology approaches

The metabolic pathways of the frequently 
expressed genes were then investigated utilizing 
gene ontology resources. Cytoscape was used to 
assess the highly conserved genes across various 
cancer conditions to highlight hub genes network. 
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To check for protein-protein interactions, we use 
string analysis in cytoscape. We take conserved 
genes that are frequently expressed and place them 
in a string protein network to analyze the annotation 
of the genes. Next, we use Cytohubba to provide 
the top 10 hub genes by activating the Hubba nodes 
and selecting the degree of genes to 10 as option.[20]

Preparation of receptor and ligands

After the cross-referencing studies using numerous 
research articles related to breast and various other 
cancers, target receptors for the highly expressed 
hub genes CDK1 and CCNB1 were taken. CDK1 
dysregulation increases cell proliferation in a 
variety of cancers, including breast cancer,[21] 
and CCBN1, a regulatory protein involved in cell 
cycle progression, can result in tumor development 
in a variety of cancers.[22] In addition, we chose 
numerous conotoxin variants that function as 
ligands, namely, the alpha O-conotoxin GeXIVA,[23] 
alpha conotoxin MII,[24] kapa-conotoxin PVIIA,[25] 
and alpha-conotoxin RgIA.[26] These proteins were 
modeled using the Swiss model to find the three-
dimensional structure in pdb format.[27]

Protein docking study

We conduct a protein-protein docking study with 
receptors and ligands that are both proteins using 
an H-dock server to conduct further investigation. 
Here, we choose receptors and substances released 
by marine snails to serve as ligands for a protein 
docking study to understand how these proteins 
bind to each other and predict the complex’s spatial 
arrangement.[28]

Molecular dynamics simulation (MD)

The stability and movement of the resulting 
docked compounds were defined by the iMODS 
server, which was used to examine the compounds 
for MD modeling. The pdb file of the final docked 
compounds was uploaded to the iMODS server 
while maintaining the parameters, coarse-grained 
as ‘CA (Calcium ions), and JSmol as “HTML” 
were submitted for the examination of their MD.[29]

RESULTS

We carried out a meta-analysis of genomic 
information obtained from NCBI’s GEO datasets to 
find genes related to the development and prognosis 
of pancreatic cancer and breast cancer. The NCBI 
GEO-analyzer server performed a reanalysis of the 
data that had been obtained. In case1 (GSE36775), 
a total of 47230 DEGs were discovered between 
two pancreatic cancer circumstances, one in 
which pancreatic cancer cell line (capan1) was 
exposed to pancreatic stellate cell line and the 
other in which cancer cell alone was the condition. 
A total of 47320 differently expressed genes were 
discovered in Case 2 (GSE113865) between two 
types of breast cancer, one of which was TNBC 
and the other was normal breast tissue. The mean 
arithmetic (MA) plot, the volcano plot, and the raw 
read normalization box plot were then performed, 
as illustrated in Figure 1.
Additional significant differential gene expression 
investigations were conducted and based on p-values 
≤ 0.05, a total of 4807 and 6414 highly significant 
DEGs were found in the two separate cases.
For further gene conservancy analysis, the Venn 
Ghent server was used to identify the potential 
genes that are common in these two diseased cases, 
highlighting conserved genes screened based on 
significant differential expression of genes. Out 
of which, 963 genes in total were discovered to be 
common in both, as shown in Figure 2.
The total top 10 genes were finally identified as 
the hub genes, and they were CDK1, CCNB1, 
CCNA2, AURKB, PLKI, BUB1, CDC20, TOP2A, 
KIF11, and CHEK1 in Figure 3.
These genes were highly expressed in our target 
disorders and were obtained with the aid of the 
Cytoscape software. As indicated in Table 1, the 
role of these genes in the control of carcinogenesis 
and inflammation was also investigated. Among 
these genes, the biological pathways of CDK1 
and CCNB1 were examined as prominent gene as 
receptor, revealing positive regulation in the cell 
cycle process in cancer.
Physiochemical analysis of CDK1 and CCNB1, 
SOPMA was used to highlight secondary structures 
such as alpha helix, extended strand, and random 
coil for both receptors and ligands in Table 2.



Figure 2: Gene conservancy chart analysis of target 
diseases illustrating intersections between cases GSE36775 
and GSE113865

Figure 3: Network and pathway analyses screening from 
gene pool top 10 Hub genes
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Table 1: Functioning of the top 10 highly expressed hub 
genes
Genes Functions References
CDK1 Dysfunctioning of CDKs which leads 

to increased cell proliferation has been 
identified in different cancers.

[21]

CCNB1 CCNB1 is involved in checkpoint control, 
it is highly expressed in various primary 
tumors, and its deregulated expression is 
observed in a number of different human 
cancers including breast cancer, cervical 
cancer, lung cancer, etc.

[22] 

CCNA2 CCNA2 is overexpressed in various cancer 
types, which indicates its potential  
role in cancer transformation and 
progression. 

[30]

AURKB AURKB is frequently observed as highly 
expressed in tissues from some tumors, 
such as lung cancer and breast cancer, and 
AURKB overexpression is associated with 
poor prognosis.

[31]

PLK1 Human polo-like kinase 1 (Plk1), a key 
regulator of mitosis, is overexpressed in 
various human tumors.

[32]

BUB1 BUB1 is a mitotic checkpoint serine/
threonine kinase that has been reported as 
an oncogene or tumor suppressor gene in 
various types of cancer. 

[33]

CDC20 CDC20 may function as an oncoprotein to 
promote the development and progression of 
human cancers.

[34]

TOP2A TOP2A is overexpressed in several 
malignancies including Breast cancer.

[35]

KIF11 The expression of KIF11 increased 
significantly in high-stage and malignant 
tumor cells

[36]

CHEK1 DNA damage induces activation of CHEk1, 
promotes tumor growth, and may contribute 
to anticancer therapy resistance

[37]

Figure 1: Results of meta-analysis (a) MA plot, (b) Box plot, (c) read normalization plot
cba

Sosui was used to highlight transmembrane 
structure in Figure 4. Protparam was used to 

highlight the number of amino acids. Theoretical 
pi, instability index, and gravy index are also 
highlighted in Table 3.
Swiss modeling was used to determine the 3D 
structure of the receptor in Figure 5a and ligand 
proteins in Figure 5b.
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Ramachandran is utilized to check the favorable 
region of the receptor proteins, CDK1 in Figure 6a 

Table 2: Sopma analysis of receptor and ligand proteins
Secondary 
structure of 
proteins

Receptors proteins (%) Ligands proteins (%)
CDK1 CCNB1 Conotoxin-GeXIVA Conotoxin-MII Conotoxin-PVIIA Conotoxin-RgIA

Alpha helix 43.77 56.81 50.00 45.59 44.44 40.62

310 helix 0.00 0.00 0.00 0.00 0.00 0.00

Pi helix 0.00 0.00 0.00 0.00 0.00 0.00

Beta bridge 0.00 0.00 0.00 0.00 0.00 0.00

Extended strand 14.48 3.23 6.76 17.65 8.33 0.00

Beta turn 7.07 2.31 5.41 2.94 6.94 0.00

Bend region 0.00 0.00 0.00 0.00 0.00 0.00

Random coil 34.68 37.64 37.84 33.82 40.28 59.38

Ambiguous 0.00 0.00 0.00 0.00 0.00 0.00

Figure 4: Sousi-secondary structure prediction of membrane protein of (a) Receptors (A.1) and (A.2) are hydrophobicity and 
(B.1), (B.2) are net charges (b) ligands (A.1), (A.2), (A.3), and (A.4) are hydrophobicity (B.1), (B.2), (B.3), and (B.4) are net 
charges, respectively.

a b

Table 3: Protparam is used to calculate physicochemical parameters of receptor and ligand proteins
Targets Protein Mol. Weight pI Instability index Aliphatic index Gravy 
Receptors CDK1 34095.45 8.38 39.26 97.78 −0.281

CCNB1 48337.43 7.09 50.59 90.09 0-239

Ligands Conotoxin-Gexiva 8621.14 10.25 72.46 73.78 −0.349

Conotoxin-MII 7356.60 8.93 33.89 86.03 0.206

Conotoxin-PVIIA 8316.89 9.75 33.66 87.92 −0.139

Conotoxin-RgIA 3725.38 9.93 14.62 49.06 −0.831

and CCNB1 in Figure 6b, and the percentage 
of residues is mentioned in Table 4. CDK1 and 

Figure 5: Swiss model is used to determine the 3D structure of receptor and ligand proteins
a b
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Table 4: Percentage residue of Ramachandran plot of 
receptor proteins
Ramachandran plot analysis CDK1 

(%)
CCNB1 

(%)
Residues in the most favorable regions (A, B, L) 93.1 86.5

Residues in additional allowed regions (a, b, l, p) 6.5 9.2

Residues in generously allowed 
 regions (~a, ~b, ~l, ~p)

0.4 2.4

Residue in disallowed regions 0.0 1.8

Figure 6: Ramachandran plot showing the favorable region of receptor proteins
ba

CCNB1 were chosen as receptors based on their 
physicochemical features, and conotoxin GeXIVA, 
conotoxin MII, conotoxin PVIIA, and conotoxin 
RgIA were chosen as ligands.
In a protein docking investigation, CDK1 was 
combined with the toxins GeXIVA, MII, PVIIA, 
and RgIA. These compounds displayed the docking 
score, confidence score, and ligand rmsd() in Table 5, 
as well as the best-docked complex in Figure 7a and 
CCNB1 demonstrated a docking score, confidence 
score, and ligand rmsd() in Table 5 and the best-
docked complex in Figure 7b along with the toxin 
GeXIVA, MII, PVIIA, and RgIA.
With the help of MD simulation, we examined the 
stability and movement of the docked complex. It 
was carried out to verify the docked complexes’ 
stability and movement. Deformability and 
B-factor reveal that there was little distortion in 
the complex represented by the hinges, which 
are indicators of the stability and movement of 
the docked protein. The B-factor plot displays 
the stability of the docked complex and is 
proportional to the root mean square (RMS). The 
eigenvalue of CDK1 + conotoxinGeXIVA, CDK1 
+ conotoxinMII, CDKI + conotoxinPVIIA, CDK1 
+ conotoxinRgIA, and the eigenvalue of CCNB1 
+ conotoxinGeXIV, CCNB1 + conotoxinMII, 

CCNB1 + conotoxinPVIIA, and CCNB1 + 
conotoxinRgIA represents in Table 6.
The stability of the docked complex is indicated by 
its greater eigenvalue, which displays the energy 
needed to deform it. The covariance matrix graph 
shows correlated, uncorrelated, and anti-correlated 
motions represented by the colors red, white, and 
blue, respectively. The stiffness of the docked 
complex is investigated using an elastic network 
model. In Figure 8 darker grey indicates increased 
protein stiffness in specific locations which shows 
the best MD results of our docked complex. Hence, 
our docked complexes indicated a strong likelihood 
of a molecule with drug-potent stability.

DISCUSSION

In several malignancies, protein-associated cell 
cycle dysregulation has been well-documented.[38] 
Despite the fact that their roles in the development 
of cancer and prognosis have only been partially 
proven.[39-41]. There is a need for more bioinformatics 
analysis on breast and pancreatic cancer samples. 
In our study, meta-analysis data were carried out 
to find conserved hub genes, including CDK1, 
CCNB1, CCNA2, TOP2A, CHEK1 BUB1, 
AURKB, PLKI, CDC20, and KIF11. Here, we 
examine the expression levels with CDK1 and 
CCNB1, as well as their prognostic value in 
pancreatic and breast cancer.
The research advances our knowledge of pancreatic 
and breast cancer which aids in the creation of 
more effective treatment regimens and prognoses 
for these diseases. According to bibliographical 
investigations, CDK1 is overexpressed in breast 
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Table 5: Docking result of receptors with ligands molecule
Receptor molecule CDK1 CCNB1
Ligand molecule D.S C.S L.rmsd(Å) D.S C.S L.rmsd(Å)
ConotoxinGeXIVA −246.66 0.8736 46.32 −253.33 0.8876 56.63

Conotoxin MII −218.62 0.7978 57.66 −243.38 0.8662 61.59

Conotoxin PVIIA −236.02 0.8482 34.92 −257.64 0.8959 53.64

Conotoxin RgIA −219.31 0.8000 30.96 −224.69 0.8166 36.02

Table 6: Eigenvalue of the docked protein-protein 
complex
Compounds Eigenvalue
CDK1+conotoxinGeXIVA 2.659761e-04

CDK1+conotoxinMII 4.405886e-06

CDKI+conotoxinPVIIA 2.833001e-05

CDK1+conotoxinRgIA 1.758071e-04

CCNB1+conotoxinGeXIV 3.134842e-05

CCNB1+conotoxinMII 9.355029e-06

CCNB1+conotoxinPVIIA 2.619034e-05

CCNB1 + conotoxinRgIA 5.996605e-05

Figure 8: Visual representation of molecular dynamics (a) CDK1+GeXIVA and (b) CCNB1 + PVIIA in the graph represents 
(A) deformability, (B) eigenvalue, (C) b-factor, (D) variance plot, (E) elastic variance model, and (F) covariance map

ba

Figure 7: Docking result (a) CDK1+ Conotoxin GeXIVA and (b) CCNB1+ Conotoxin PVIIA
ba

and pancreatic cancer.[42] In TNBC, CDK1 
inhibition significantly decreased tumor formation 
and increased tumor cell apoptosis,[43] and it 
also regulates the spread of pancreatic cancer.[44] 
CCNB1 overexpression has been seen in numerous 
malignancies, including pancreatic carcinoma, 

according to several studies.[45] According to a 
study by Agarwal et al., CCNB1 can be used to 
assess a breast cancer prognostic predictor.
In this study, we investigate the extraordinary 
potential of conotoxin as a cutting-edge therapeutic 
approach for the treatment of cancer. Conotoxins 
are renowned for their diversity and selectivity 
because of their capacity to precisely target a variety 
of ion channels and receptors. Certain conotoxins 
have shown the ability to interfere with signaling 
pathways necessary for tumor growth, angiogenesis, 
and metastasis. Several conotoxins have been found 
to inhibit ion channels overexpressed in cancer 
cells, resulting in the decreased proliferation and 
induction of apoptosis as well. Based on various 
research literatures, we selected four distinct types 
of conotoxins (conotoxin-GeXIVA, PVIIA, MII, 
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and RgIA) that act as ligand proteins generated from 
poisonous marine cone snails of the conus species, 
which have emerged as nature’s special weapons 
against cancer. The protein-protein docking of 
CDK1 and CCNB1 interacting with these four 
conotoxin compounds was carried out to obtain the 
best reasonable conformations.
Many drug-potent molecules were docked with 
CDK1 and CCNB1. Furthermore, it was discovered 
that four conotoxins, namely, GeXIVA, PVIIA, 
MII, and RgIA, had a high affinity for CDK1 and 
CCNB1 demonstrated a higher docking score of 
CCNB1 + conotoxinPVIIA −257.64 Kcal/mol, 
CCNB1 + conotoxinGeXIV −253.33 Kcal/mol, 
CDK1 + conotoxinGeXIVA −246.66 Kcal/mol, 
CCNB1 + conotoxinMII −243.38 Kcal/mol, CDKI 
+ conotoxinPVIIA −236.02 Kcal/mol, CCNB1 
+ conotoxinRgIA −224.69 Kcal/mol, CDK1 + 
conotoxinRgIA −219.31 Kcal/mol and CDK1 + 
conotoxinMII −218.62 Kcal/mol, respectively, 
representing the minimum energy values of the 
docked complex has higher stability between 
receptors and ligands molecules and therefore 
potential inhibitors of CDK1 and CCNB1. Similar 
research has been carried out in which natural marine 
components used to make animal-based medicinal 
compounds were examined for their anti-cancerous 
capabilities against various malignancies. In dry 
laboratories, our experimental values are validated 
computationally through MD simulation to prove 
our hypothesis representing the eigenvalue of the 
docked complex; the higher eigenvalue indicates 
the energy required to deform the docked complex 
hence representing its stability.

CONCLUSION

Our study has demonstrated immense potential 
in targeting cancer cells with conotoxins-derived 
peptides in the war against cancer. Our findings 
imply that the biomarkers CDK1 and CCNB1 
may serve as prospective therapeutic targets and 
biomarkers for detecting high-risk subgroups 
among breast and pancreatic cancer patients 
and also we have been able to identify various 
conotoxins as anticancerous agents. Conotoxins like 
GeXIVA, MII, PVIIA, and RgIA were identified 

as promising avenues for the development of 
targeted cancer therapies. We are trying to find the 
genomic interaction between breast and pancreatic 
cancer along with a drug discovery approach to 
find animal-based drug compounds that may have 
therapeutic potential against our disease. The study 
of animal-based drug compounds may open a wide 
area of study for researchers to identify a drug 
compound that may act against multiple cancerous 
diseases with lesser side effects. Further, these 
findings call for more research into the possible 
therapeutic uses of various cell cycle inhibitors.
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