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Abstract 
 

In the pursuit of advancing precision therapy for lung cancer, this study explores the repositioning potential of a FDA-
approved methotrexate derivative, with a specific focus on its interaction with the Dihydrofolate Reductase (DHFR) 
enzyme. Leveraging transcriptomic insights and structural integration, our research employs a multifaceted approach, 
encompassing drug-drug similarity analysis and cavity-guided blind docking. The investigation commences with the 
identification of transcriptomic profiles closely resembling established lung cancer therapeutics, revealing a subset of 
compounds, including the methotrexate derivative, exhibiting high similarity. Subsequent to the structural refinement of 
the DHFR enzyme through meticulous preprocessing, our study unveils alterations that enhance the accuracy of the 
protein model, establishing a reliable foundation for further analyses. The application of cavity detection techniques on 
DHFR exposes potential binding sites crucial for enzyme activity. Employing blind docking strategies, we elucidate the 
interaction patterns and binding affinities of the methotrexate derivative within these identified cavities. The results 
highlight the potential of the studied compound, shedding light on its role as a promising candidate for precision therapy 
in lung cancer through targeted modulation of the DHFR enzyme. This integrative approach, combining transcriptomic 
insights and structural analyses, contributes valuable knowledge to the repositioning of FDA-approved methotrexate 
derivatives for enhanced therapeutic efficacy in lung cancer treatment. 
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Introduction 

Lung cancer remains a formidable global health 

challenge, necessitating innovative approaches to 

drug discovery and development (1, 2). Amidst the 

array of existing pharmaceuticals, the repositioning 

of FDA-approved drugs presents a compelling 

strategy, leveraging established safety profiles and 

known pharmacological properties (3, 4). This 

study delves into the potential repositioning of a 

derivative of FDA-approved methotrexate, a drug 

with a well-documented history in various 

therapeutic contexts. Focusing on precision therapy 

for lung cancer, our research integrates advanced 

computational techniques, specifically 

transcriptomic similarity analysis and cavity-guided 

blind docking, to unravel novel avenues for 

therapeutic intervention (5, 6). 

The dysregulation of molecular pathways is a 

hallmark of cancer, and this study centers around 

the identification and optimization of a 

methotrexate derivative targeting lung cancer (7). 

By employing transcriptomic similarity analysis, we 

aim to unveil compounds whose gene expression 

profiles closely mirror established lung cancer 

therapeutics, providing a foundation for subsequent 

investigations (8, 9). A pivotal aspect of our 

approach involves the structural integration of
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these compounds with the target biomolecule, 

guided by the Dihydrofolate Reductase (DHFR) 

enzyme (10). The intricate dance between 

transcriptomics and structural analyses aims to 

identify compounds with the potential for precision 

therapy in lung cancer, grounded in their ability to 

modulate critical pathways (11, 12). 

The study progresses with the refinement of the 

DHFR enzyme's crystallographic structure, ensuring 

a reliable foundation for subsequent virtual 

screening endeavors. Structure-based cavity 

detection techniques reveal potential binding sites 

on the DHFR enzyme, setting the stage for blind 

docking studies. Methotrexate derivatives are 

getting a makeover for lung cancer! Tweaking their 

structure lets them hit specific lung cancer 

weaknesses, bypass resistance, and even team up 

with other therapies. This targeted approach, 

backed by early data and exciting theories, could 

unlock personalized lung cancer solutions, offering 

hope for patients who need it most. Through the 

integration of these diverse computational 

methodologies, we seek to characterize the 

interaction patterns and binding affinities of the 

methotrexate derivative and other selected 

compounds within these cavities, ultimately aiming 

to repurpose this FDA-approved drug for enhanced 

precision therapy in lung cancer (13). 

Lung cancer research is blazing trails in three 

exciting areas: repurposing old drugs for new 

battles, decoding gene whispers with RNA analysis, 

and unlocking protein secrets with 3D blueprints. 

These innovations, woven together, promise a 

brighter future for lung cancer patients, with 

personalized and powerful therapies targeting the 

disease's unique complexities (14, 15). 

This research endeavors to contribute to the 

evolving landscape of lung cancer treatment by 

providing a rational and computational framework 

for the repositioning of FDA-approved 

methotrexate derivatives (16, 17). Repurposing 

methotrexate derivatives in cancer research holds 

promise due to their existing safety profile, proven 

anti-cancer activity, and flexibility for improved 

potency, targeting, and resistance-busting. They 

might even team up with other therapies for a 

stronger punch, all while potentially being faster 

and economical to develop (18, 19). The insights 

derived herein are anticipated to guide subsequent 

experimental validations, offering a promising 

pathway towards the development of innovative 

and effective strategies for precision therapy in lung 

cancer (20, 21). 
 

Methods  
Transcriptomic analysis for drug-drug 

similarity 

Large-scale transcriptomic datasets were employed 

to assess the similarity between FDA-approved 

methotrexate derivative and established lung 

cancer therapeutics. The analysis focused on 

identifying common gene expression patterns, 

providing insights into potential shared 

mechanisms of action (22). Transcriptome analysis 

plays a pivotal role in the methodological 

framework. It involves the study of gene expression 

patterns in response to drug treatments. The 

transcriptomic similarity analysis presented in the 

study focuses on identifying drugs with profiles 

closely resembling known breast cancer 

therapeutics, with a specific emphasis on lung 

cancer using the A549 cell line (23). The 

transcriptomic data provides a molecular signature 

that aids in the identification of potential candidates 

for drug repurposing based on their similarity to 

established cancer therapeutics (24). The study 

utilizes transcriptome insights to potentially 

identify lung cancer biomarkers or pathways. By 

analyzing gene expression patterns in response to 

drug treatments, the study aims to identify drugs 

with transcriptomic profiles closely resembling 

known breast cancer therapeutics (25). The genes 

affected by these drugs may be associated with 

specific pathways or biomarkers relevant to lung 

cancer. This approach allows for the identification 

of potential therapeutic candidates that not only 

exhibit transcriptomic similarity but also potentially 

target pathways implicated in lung cancer 

progression (26). 

The Clue Connectivity Map Touchstone tool 

(https://clue.io/touchstone) was utilized for Drug-

Drug Transcriptomic Similarity Analysis. The tool 

accessed the extensive Touchstone dataset, 

containing expression profiles of various 

perturbagens, including FDA-approved drugs. The 

connectivity mapping analysis compared the input 



Tare et al.,                                                                                                                Vol 5 ǀ Issue 1 
 

633 
 

gene expression signature with the dataset, with 

prioritization given to compounds exhibiting high 

transcriptomic similarity. Subsequent exploration of 

connections between identified drugs and the input 

query informed hypotheses on shared molecular 

pathways and therapeutic targets, laying the 

groundwork for further investigation (27, 28).  

The drug-drug similarity analysis is another key 

aspect of the methodological approach. This 

involves comparing the molecular profiles of drugs 

to identify similarities in their mechanisms of 

action. In this study, the similarity analysis is likely 

based on various molecular features, such as 

chemical structure, pharmacological properties, or 

known target proteins. The selection of drugs for 

comparison is crucial, and in this case, the study 

compares the methotrexate derivative to a range of 

medications (29, 30).  

Structural integration and blind docking 

The crystallographic structure of the target 

biomolecule, Dihydrofolate Reductase (DHFR) 

enzyme, was refined using the PDB-REDO server, 

ensuring accuracy for subsequent analyses. Cavity 

detection techniques were employed to unveil 

potential binding sites on the DHFR enzyme (31, 

32). Molecular docking simulations were conducted 

using the AutoDock tool from the cb-dock server to 

assess the binding affinity and interaction patterns 

of the FDA-approved methotrexate derivative and 

other selected compounds (33, 34). The 

Dihydrofolate Reductase enzyme (PDB ID: 1DDR) 

served as the docking target (Figure 1). Virtual 

screening results were meticulously analyzed based 

on docking scores, ranking compounds according to 

predicted binding affinities. Compounds 

demonstrating high binding affinity, favorable 

interaction patterns, and structural compatibility 

with the DHFR enzyme were identified as potential 

lead compounds for precision therapy in lung 

cancer (35).  

The study employs cavity-guided blind docking as a 

crucial methodological approach. This involves the 

identification and characterization of potential 

binding sites (cavities) on the target protein, in this 

case, the DHFR enzyme. The cavities detected 

through structure-based cavity detection provide 

essential information on the spatial arrangement 

and volume of potential interaction sites. 

Subsequently, blind docking simulations are 

performed to predict the binding affinity and 

interaction modes of drugs within these cavities, 

allowing for the identification of potential 

candidates for drug repurposing (36, 37). 

This integrated methodological approach combines 

transcriptomic insights with structural analyses, 

aiming to provide a comprehensive understanding 

of the repositioning potential of the FDA-approved 

methotrexate derivative for precision therapy in 

lung cancer (38). 

 
Figure 1: Crystal structure of Dihydrofolate 

Reductase 

Results 
Transcriptomic similarity 

Identification of methotrexate -based drugs with 

transcriptomic profiles closely resembling known 

breast cancer therapeutics (Table 1). 

The Table 1 lists the top 11 drugs for potential 

repurposing in lung cancer based on transcriptomic 

similarity using the A549 cell line. Among these, 

Pefloxacin stands out, showing a high score of 99.7, 

and subsequent molecular docking reveals its 

favorable interaction within Cavity 2 of Chain A and 

Chain B. The residues involved in the interaction 

include ILE14, GLY15, MET16, GLU17, ASN18, 

ALA19, MET20, TRP22, LEU28, HIS45, THR46, 

SER49, ILE94, GLY95, GLY96, GLY97, TYR100, and 

THR123 in Chain A, and ASN23 and ALA145 in 

Chain B. This suggests a potential binding affinity of 

Pefloxacin to these specific amino acid residues in 

the target proteins. While this docking information 

is promising, further experimental validation is 
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essential to confirm the drug's efficacy and safety in 

the context of lung cancer. 

Molecular docking: protein pre-preparation 

using PDB REDO 

Significant structural changes were observed in the 

DHFR enzyme shown in Table 2 following the 

preprocessing and refinement performed by the 

PDB-REDO server. The data from the table indicates 

that the PDB-REDO refinement process has 

generally improved the crystallographic metrics 

and model quality scores compared to the original 

values. The refinement resulted in a lower R-factor 

and R-free, suggesting a better fit of the model to 

the experimental data. Additionally, improvements 

are observed in bond length and bond angle RMS Z-

scores, indicating enhanced geometric accuracy. 

Model quality scores, such as Ramachandran plot 

normality and rotamer normality, show slight 

increases but remain within acceptable ranges. 

Notably, the PDB-REDO process significantly 

improved coarse packing and fine packing scores, 

reflecting better overall packing quality. The 

reduction in bump severity also suggests improved 

stereochemistry. 

 

Table 1: List of top 10 drugs that can be repurposed for lung cancer based on transcriptomic similarity using 

A549 cell line (Hypotriploid alveolar basal epithelial cells) 
 

Rank Score ID Name Description 

1 100 BRD-K59456551 Methotrexate Dihydrofolate reductase 

inhibitor 

2 99.83 BRD-K47780086 Penciclovir DNA directed DNA polymerase 

inhibitor 

3 99.7 BRD-K55034111 Pefloxacin Bacterial DNA gyrase inhibitor 

4 99.58 BRD-K66896231 Brd-k66896231 Acetylcholinesterase inhibitor 

5 99.19 BRD-K06467078 Corynanthine Adrenergic receptor antagonist 

6 99.17 BRD-K50214219 Cs-1657 PARP inhibitor 

7 98.87 BRD-A88774919 Doxycycline Bacterial 30S ribosomal subunit 

inhibitor 

8 98.86 BRD-A50311610 Meclozine CAR agonist 

9 98.79 BRD-K70358946 Aripiprazole Serotonin receptor agonist 

10 98.69 BRD-A34751532 Homosalate HSP inducer 

11 98.63 BRD-K40919711 Bapta-am Potassium channel blocker 

 

Table 2: Results of Crystallographic structure of the Dihydrofolate Reductase after PDB-REDO refinement 
 

Validation Metric Original PDB-REDO 

Crystallographic Refinement 

R 0.1820 0.1659 

R-free 0.2129 0.2557 

Bond Length RMS Z-score 0.611 0.603 

Bond Angle RMS Z-score 0.869 0.908 

Model Quality  

Ramachandran Plot Normality 5 14 

Rotamer Normality 13 16 

Coarse Packing 78 91 

Fine Packing 5 13 

Bump Severity 22 17 

Hydrogen Bond Satisfaction 16 25 
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However, there is a slight decrease in hydrogen 

bond satisfaction, indicating a potential area for 

further refinement. Overall, the PDB-REDO 

refinement has positively impacted the structural 

quality, enhancing both accuracy and packing 

quality. 

Results of structure-based cavity detection 

Five cavities were detected in the protein structure 

of aromatase all are illustrated in Figure 2 and Table 

3. 

Results of AutoDockVina-based molecular 

docking 

The AutoDockVina-based molecular docking results 

reveal the binding affinities of various drugs with 

their respective targets (Table 4). Methotrexate, a 

dihydrofolatereductase inhibitor, demonstrates the 

highest docking score of -7.3, suggesting a strong 

interaction with its target. Pefloxacin, a bacterial 

DNA gyrase inhibitor, also exhibits a notable score 

of -8.1, indicating favorable binding (Figure 3). 

These results align with its high transcriptomic 

similarity score for potential repurposing in lung 

cancer. Additionally, drugs like Doxycycline, 

Aripiprazole, and Homosalate show positive scores, 

suggesting potential interactions with their 

respective targets. However, it's crucial to interpret 

these scores cautiously, as they represent predicted 

binding affinities and further experimental 

validation is necessary to confirm these interactions 

and assess the drugs' efficacy in the context of lung 

cancer treatment. Overall, the docking results 

provide valuable insights into potential drug-target 

interactions, guiding future experimental studies for 

drug repurposing in lung cancer therapy. 
 

Table 3: List of cavities detected in structure of DHFR enzyme  

Pocket 

ID 

Cavity 

volume (Å3) 

Center 

(x, y, z) 

Cavity size 

(x, y, z) 

C1 2071 25, 68, 49 22, 17, 26 

C2 704 14, 55, 23 15, 17, 23 

C3 414 21, 63, 28 9, 14, 12 

C4 144 14, 49, 32 8, 7, 9 

C5 122 12, 82, 51 8, 7, 7 

 

 
Figure 2: Cavities detected in DHFR Enzyme by structure-based cavity detection 
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Table 4 : Results of AutoDockVina-based molecular docking 
 

Sr. No. Score Name Description 

1 -7.3 Methotrexate Dihydrofolate reductase inhibitor 

2 -6.6 Penciclovir DNA directed DNA polymerase inhibitor 

3 -8.1 Pefloxacin Bacterial DNA gyrase inhibitor 

4 -5.5 Brd-k66896231 Acetylcholinesterase inhibitor 

5 -6.2 Corynanthine Adrenergic receptor antagonist 

6 -6.4 Cs-1657 PARP inhibitor 

7 7.1 Doxycycline Bacterial 30S ribosomal subunit inhibitor 

8 4.8 Meclozine CAR agonist 

9 7.5 Aripiprazole Serotonin receptor agonist 

10 7.1 Homosalate HSP inducer 

11 6.0 Bapta-am Potassium channel blocker 

 

          
Figure 3: Interaction between Pefloxacin and DHFR enzyme in structure-based Blind Docking 

 

Discussion  
The presented study explores the potential 

repurposing of drugs for lung cancer treatment 

through a comprehensive analysis encompassing 

transcriptomic similarity, molecular docking, and 

structural refinement of the target enzyme, 

dihydrofolate reductase (DHFR) (39, 40). The 

results are organized into three main sections: 

transcriptomic similarity, structural refinement 

using PDB-REDO, and AutoDockVina-based 

molecular docking (41, 42). 

The study begins by identifying drugs with 

transcriptomic profiles closely resembling known 

breast cancer therapeutics, with a focus on lung 

cancer using the A549 cell line (43). Pefloxacin 

stands out as a promising candidate, exhibiting a 

high score of 99.7 in transcriptomic similarity. 

Subsequent molecular docking reveals specific 

amino acid residues in the DHFR enzyme that may 

interact favorably with Pefloxacin (44). While these 

findings provide a valuable starting point for drug 

repurposing, the authors rightly emphasize the 

necessity for further experimental validation to 

confirm efficacy and safety in the context of lung 

cancer (45). 

The structural refinement of the DHFR enzyme 

using the PDB-REDO server is detailed in Table 2. 

The results show improvements in various 

crystallographic metrics and model quality scores, 

indicating enhanced geometric accuracy and overall 

packing quality (46). The reduction in bump 

severity and improvements in coarse and fine 

packing scores suggest better stereochemistry. The 

slight decrease in hydrogen bond satisfaction 
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suggests an area for further refinement. Overall, the 

PDB-REDO process positively impacts the structural 

quality, enhancing accuracy and packing quality 

(47). 

Cavities detected in the DHFR enzyme are 

presented in Table 3, indicating their volume, center 

coordinates, and size. This information is crucial for 

understanding the structural characteristics of the 

enzyme and provides insights into potential binding 

sites for drug molecules (48). 

The AutoDockVina-based molecular docking results 

(Table 4) reveal the binding affinities of various 

drugs with their respective targets, including DHFR. 

Methotrexate, a known DHFR inhibitor, 

demonstrates the highest docking score, consistent 

with its role as a therapeutic agent. Pefloxacin, 

identified earlier for its high transcriptomic 

similarity, also exhibits a notable score, aligning 

with its potential for repurposing in lung cancer. 

The docking results provide valuable insights into 

potential drug-target interactions, guiding future 

experimental studies (49). 

This multifaceted approach integrates 

transcriptomic analysis, structural refinement, and 

molecular docking to identify potential candidates 

for drug repurposing in lung cancer treatment. The 

combination of in silico methods provides a 

comprehensive understanding of the potential 

interactions between drugs and their target 

proteins (50). However, the authors emphasize the 

importance of experimental validation to confirm 

these interactions and assess the drugs' efficacy in a 

clinical context. The findings presented here 

contribute to the growing field of drug repurposing 

and pave the way for further research in lung 

cancer therapeutics. 
 

Conclusion 
In this comprehensive research, a multi-faceted 

approach was employed to identify and repurpose 

potential drugs for lung cancer treatment. 

Transcriptomic similarity analysis using the A549 

cell line highlighted Pefloxacin as a standout 

candidate with a high score, corroborated by 

AutoDockVina-based molecular docking results, 

indicating a strong interaction with the 

Dihydrofolate Reductase (DHFR) enzyme. The 

structural refinement through PDB-REDO further 

improved the crystallographic metrics of DHFR, 

enhancing accuracy and packing quality. Structure-

based cavity detection revealed multiple binding 

pockets in the enzyme, supporting the identification 

of potential drug binding sites. The research 

underscores the promise of Pefloxacin, along with 

other drugs like Methotrexate, in targeting lung 

cancer through distinct mechanisms. However, the 

findings necessitate cautious interpretation, 

emphasizing the need for rigorous experimental 

validation to confirm drug efficacy and safety in the 

context of lung cancer. This integrative approach, 

combining transcriptomic analysis, structural 

refinement, cavity detection, and molecular docking, 

provides a robust foundation for further 

investigations into drug repurposing for lung cancer 

therapy. 
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