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ABSTRACT

Lung cancer is among the most frequently diagnosed and the leading cause of cancer-related deaths worldwide. It is

highly invasive, rapidly spreads, and affects both sexes. Lung cancer can be caused by mutations in various genes

likewise RMB10 is commonly lacking or changed in lung adenocarcinoma, making it a possible biomarker or therapeutic

target. It is a tumor suppressor gene that participates in alternative splicing. The primary goal of this study is to employ

computer-aided drug design approaches to identify possible medicines for the target that might subsequently be used as a

candidate therapy for the treatment of lung adenocarcinoma caused by RMB10 tumor suppressor gene absence or

alteration. Plant-based molecules were downloaded, followed by ligand and target preparation. The ADMET

characteristics were examined to reflect drug-likeness. The most mutated gene and the frequent type of mutation that

causes a gene change and causes lung adenocarcinoma was also identified using the COSMIC database. Our findings

identified three lead compounds, Vinblastine, Nabilone, and Campthothecin, that exhibited strong affinity for the

RMB10, while the most mutated gene in lung adenocarcinoma is EGFR.
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INTRODUCTION

Lung cancer remains the leading cause of mortality among both genders in the U.S and around the world

(Cersosimo et al., 2002). Most lung cancers are identified at an advanced phase due to the lack of clinical signs and

adequate screening programs(Goldstraw et al., 2007). About 90% of the total cases of lung cancer are associated

with smoking and tobacco use, as well as many other lung cancer-causing factors including asbestos, pollutant

exposure, chronic infections, and so on (Virk et al., 2022). As per the WHO Global Cancer Observatory,

19,292,789 new cases of cancer were identified in 2020, with lung cancer having the highest mortality rate

(18%)(Lemjabbar-Alaoui et al., 2015). Lung cancer is classified into two types: SCLC and NSCLC. 85% of cases

are classified as non–small cell lung cancer (NSCLC), that is further subdivided into three main histologic subtypes

i.e. adenocarcinoma, squamous cell carcinoma, and giant cell carcinoma (Gridelli et al., 2015). Adenocarcinoma

accounts for 38.5% of all lung cancer cases, followed by squamous cell carcinoma (20%) and big cell carcinoma

(2.9%) (Herbst et al., 2008). Adenocarcinoma has become the most common kind of NSCLC in recent decades

(Jemal et al., 2011). There are several types of mutant genes that can cause various forms of cancer(Dela et al.,

2011). Likewise, RMB10 (RNA-binding motif protein 10) is a tumor suppressor gene that normally promotes
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apoptosis in tumor cells and prevents colonization and also participates in alternative splicing and alters mRNA

post-transcriptionally (Sun et al., 2019, McGlincy et al., 2008). Defective alternative splicing can promote tumor cell

growth and treatment resistance (Kaida et al., 2012). RBM10 has been discovered as a promising target for the creation of

novel medicines in recent investigations. Exon 10 mutations in RMB10 are common in lung adenocarcinoma (Cao et al.,

2020). Because the majority of mutations that happen in RMB10 are nonsense, frameshift, or splice point mutations, they

all result in a large decline in RBM10 mRNA expression(Zhao et al., 2007). RBM10 causes lung adenocarcinoma, where it

is frequently missing or mutated(Imielinski et al., 2012). For the effective identification and optimization of lead

compounds, drug discovery employs chemical biology and computational drug design techniques. Likewise, in this

research, we employed computer-aided drug design methodologies to identify a molecule with a high affinity for the target

RMB10 that can potentially serve as a medication in the future.

MATERIAL AND METHODS

The literature is initially studied in this research to choose the appropriate target. Following that, RMB10 was chosen as the

target, and its information was obtained from the PDB (Protein Data Bank). Protein Data Bank is the sole collection of

structural information for biological macromolecules with an objective to store and manage structural data (Bermen HM

et al., 2000). The structure of RMB10 was retrieved in 3D form from the MMDB (Molecular Modeling Database). The

MMDB is Entrez's 'Structure' database (Wang et al., 2002). Plant-derived ligands were found from the literature and

downloaded in SDF format from PubChem. It is the world's largest archive of openly accessible chemical data(Kim et al.,

2016). After this, PyMOL was used to prepare partial ligands while also analyzing the binding of ligands to target RMB10

roughly. PyMOL is a Python-based open-source molecular visualization toolkit(Yuan et al., 2017). The target and ligand

preparation, as well as molecular docking, were completed in AutodockVina. Its purpose is to predict how small

molecules, such as substrates or drug candidates, would bind to a 3D-structured receptor (Pagadala NS et al., 2017).

Following docking, the top three selected ligands ADMET properties were checked using DrugBank and Molinspiration.

Lastly, COSMIC (Catalogue of Somatic Mutations in Cancer) database was used to identify the most often mutated gene in

lung adenocarcinoma, its tissue distribution and most common type of mutation happen in the gene. It is the world's largest

expert-curated database of somatic mutation data and associated data(Bamford et al., 2004).

RESULTS

The RMB10 structure was downloaded from the MMDB database, and eight ligands i.e. Campthothecin, Vinblastine,

Cannabinol, Catechol, Quinidine, Nabilone, Gallocatechin and Limonene were also retrieved from PubChem. After

downloading, PyMol was used to partially prepare the ligands. After partial preparation of ligands (SDF to PDB format),

the interactions in target and ligands were observed to gain a broad sense of where the drug will bind using PyMOL.

Figure 1: The Result Demonstrating the Likelihood of Interactions between Target and Ligands
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The target and ligands were then fully prepared in AutoDock tools. All water molecules were removed, and an only polar

hydrogen and Kollman charge were added to the structure and was then converted to pdbqt format. Ligands were also

converted to pdbqt format. The grid was developed to depict where the ligands may potentially bind. The dimensions of the

grid were x center – - 0.206, y center – 0.187 and z center – - 0.05. Both the target and the ligands were permitted to dock

using AutoDockVina and Command Prompt via command input. The findings were evaluated once docking was

completed. For each ligand, 9 poses were generated, and the optimal pose with the lowest binding energy was chosen for

further processing.

Table 1: Three Identified Lowest Energy Molecules For RMB10

S.No Ligands Affinity (kcal/mol)

1. Camptothecin -6.6

2. Vinblastine -12.7

3. Nabilone -7.2

From this result, it was seen that Vinblastine has the lowest binding energy i.e. -12.7 kcal/mol and highest binding affinity

of all ligands. Similarly, Nabilone and Camptothecin demonstrated a considerable affinity for the target, but not as much as

vinblastine i.e. -7.2 and -6.6 kcal/mol. The choice of the lowest energy compounds was made for a reason as molecules

with lower binding energy tend to have fewer non-specific binding effects, and lower binding energy indicates a stronger

affinity of ligands to the target. For further processing, these three compounds were chosen. PyMOL was used to visualize

the hydrogen bonding between the target and various poses of ligands as well as to see the amino acids the ligand is

attaching to.

Figure 2: Vinblastine and Nabilone’s Hydrogen Bond Interaction with Amino Acid Residues in
The Active Site of RMB10
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It was observed that vinblastine which has the lowest bonding energy, binds with RMB10 via H-bonding with GLU and

Nabilone showed H-bonding with GLY in the active site. ADMET characteristics were observed using Drug Bank and

Molinspiration software to estimate the drug-likeness of these three selected ligands.

Table 2: The ADMET Properties of the Three Chosen Ligands

Ligands LogP Molecular
Weight

H-bond
Acceptor

H-bond
Donor

Molar Refractivity
(m3·mol-1)

Vanblastine 5.56 810.9 12 3 222.4
Nabilone 6.36 372.5 3 1 110.2

Camptothecin 1.74 348.36 4 1 94.49

The Lipinski rule of five is used to evaluate drug-likeness by assessing parameters such as Log P, Molecular weight, H-

bond donor and acceptor, and Molecular refractivity. If the molecule's molecular mass is less than 500 daltons, the H-bond

acceptor < 10, the H-bond donor < 5, and log P< 5, Molecular refractivity the Lipinski rule of 5 applies (Virk et al., 2022).

The table 2 showed that Vinblastine and Nabilone do not follow Lipinski's rule of 5, although Camptothecin does. This is

because Lipinski's Rule of 5 only applicable to drugs that are administered orally rather than antibiotics, injectable

treatments, and so on. After this, the bioactivity or toxicity was examined by using Molinspiration software.

Table 3: The Bioactivity Analysis of the three Ligands

Ligands
GPCR
Ligand

Ion Channel
Modulator

Kinase
Inhibitor

Nuclear
Receptor
Ligand

Protease
Inhibitor

Enzyme
Inhibitor

Vinblastine -1.76 -2.97 -2.99 -2.75 -1.53 -2.42
Nabilone 0.44 -0.03 -0.44 0.62 -0.09 0.2
Camptothecin 0.46 -0.15 0.27 0.07 -0.10 1.11

The bioactivity scores of the selected molecules were calculated against GPCR ligands, Ion channel modulators,

Kinase inhibitors, nuclear receptor ligands, Protease inhibitors, and Enzyme inhibitors. Inactive molecules can be separated

from active molecules. An active molecule has score > 0.00, indicating that it is most likely to demonstrate significant

biological activity; scores between -0.50 and 0.00 are regarded highly active, whereas scores < -0.50 are presumed inactive

(Virk et al., 2022).So, from table 3, Vinblastine is inactive molecule whereas Nabilone was moderately active against

nuclear receptor ligand (0.62), GPCR ligand (0.44) and enzyme inhibitor (0.24). Camptothecin is highly active for enzyme

inhibitors (1.11) and moderately active for GPCR ligand (0.46) and kinase inhibitor (0.24) according to bioactivity

analysis. The pathway of NSCLC was explored using the KEGG pathway database for a better understanding of each gene

function.
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Figure 3: Pathway of NSCLC Highlighting Genes

After exploring the genes present in the NSCLC pathway, the most mutated gene, as well as its tissue distribution and

major type of mutations in that gene that causes lung adenocarcinoma, a type of NSCLC, was found using the COSMIC

database. The results indicated that the gene with maximum mutations is EGFR. The EGFR gene view histogram was first

studied.

Figure 4. The Gene View Histogram of EGFR Gene

The graphical representation (figure 3) revealed that 858th position contains the most mutations, notably 4679.

Other places exhibited mutation as well but to a lesser extent. The maximum number of mutations that occur in the 1200

aa long sequence is 6276. The maximal deletion occurs at the 746th position, with an 857 mutation count. 21 Samples gain
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CNV from 1-187 residue, 20 samples gain CNV from 187-574, and 19 from 574-1200. In 83 samples, the EGFR gene is

overexpressed. Secondly, tissue distribution was examined to identify the distribution of mutations across the major tissue

types.

Table 4: Distribution of Mutations Across The Main Tissue Types

Tissue Sub tissue
Point Mutations Copy Number

Variation
Gene Expression

% Mutated Tested Variant % Tested % Regulated Tested

Lung NS 15441 (30.9%) 49901
14

(3.73%)
375 58

(15.34%)
378

Lung
Right lower

lobe
75

(50.34%)
149

2
(4.7%)

42
9

(20.45%)
44

Lung
Right upper

lobe
112

(41.79%)
268

5
(6.4%)

78
16

(19.05%)
84

According to this data, out of a total of 49901 samples, 15441 revealed point mutations in the NS sub tissue of the lung.

From a total of 375 examined samples, 14 showed copy number variation gain and 58 out of 378 showed overexpression.

A total of 149 samples were tested from the right lower lobe of the lung from which 75 showed mutation. Two of the 42

analyzed samples showed CNV gain, while nine of the 44 samples showed overexpression. 112 out of 268 samples in the

right upper lobe of the lung exhibited mutation, 5 out of 78 samples showed CNV gain, and 16 out of 84 samples showed

overexpression. Lastly, the most frequent type of mutations in EGFR that change its activity was also detected.

Figure 5: Overview of Type of Mutations Observed

From figure 5, it was observed that the major type of mutation that occurs in the EGFR gene is Missense substitution,

followed by Inframe deletions and other mutations.

CONCLUSIONS

It is critical to find high affinity drugs that bind to proteins and genes that cause lung adenocarcinoma, which may also

serve as potent drugs for treatment of NSCLC. Our research results has established an alternate paradigm for Vinblastine,

Nabilone, and Camptothecin as strong ligands that can bind to RMB10 and might possibly be employed as treatments for

lung adenocarcinoma. Additional analysis can be carried out to confirm their therapeutic potential.
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