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Abstract 
Despite the advancements in cancer treatment and the benefits of personalized medicine, breast cancer (BC) remains a significant 

health concern. Also, conventional treatment options are costly and often associated with severe side effects, highlighting the 

need to identify new biomarkers and innovative treatment strategies for BC. Drug repurposing presents an approach that 

expands the therapeutic window further to mitigate the financial burden and minimize the potential harm caused by existing 

anticancer drugs. In the present study, we aim to suggest noncancerous FDA-approved drugs for repurposing, through 

molecular docking studies in BC, after their target cystic fibrosis transmembrane conductance regulator protein (CFTR) 

detection in BC. We used a drug repurposing approach to identify the target protein CFTR and drugs that target CFTR. MOE 

(molecular operating environment) was used to analyze the interaction between CFTR and its targeting drugs. For experimental 

work, we did Immunofluorescence staining on BC tissue. We found that glyburide and tezacaftor were the top antagonist and 

agonists, respectively. We detected CFTR expression in all ten samples except Triple-Negative Breast Cancer (TNBC). CFTR and 

estrogen receptor alpha co-expressed at 6.78%, suggesting a potential relationship. High-grade tumors showed CFTR low 

expression, hinting at CFTR down-regulation and its role in tumor aggressiveness. Our study is a preliminary step towards in-

vitro and in-vivo experiments on repurposing CFTR-targeting drugs in BC. Glyburide may inhibit CFTR's role in estrogen 

production, while tezacaftor can enhance CFTR action to overcome tumor aggressiveness.  
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1. Introduction 

The persistent toxicity issues associated with 

market-available cancer drugs have necessitated 

the development of an alternative strategy for 

therapeutic purposes of breast cancer (BC). De-

spite landmark discoveries and progress in on-

cological medicines, BC is still the leading cause 

of death worldwide (Antoszczak et al. 2020; You 

et al. 2019). While standard treatment options 

have improved patients' lifetimes and made 

breakthroughs in radiotherapy and chemothera-

peutic treatments, they often prove ineffective 

for advanced-stage cancer patients(Cao et al. 

2021). The traditional drug discovery process is 

always time-consuming and expensive. It usu-

ally takes 10–15 years and 0.8–1.5 billion dollars, 
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along with a high loss rate. In contrast, drug re-

purposing is a more pragmatic approach that 

may reduce the drug development period to 6.5 

years and research costs to $300 million. Earlier, 

the repurposing was serendipitous. However, 

serendipity cannot be used as a routine method. 

The rapid growth of computing power is essen-

tial in drug repurposing studies by utilizing 

cheminformatics, bioinformatics, systems biol-

ogy, and computational methods. As a compu-

tational approach, molecular docking is vital in 

identifying hits, their optimization, drug reposi-

tioning, and checking their interactions. Molecu-

lar docking significantly reduces cost and time 

by selecting only the promising molecules and 

leading them to the in-vitro phase. (Rangel-Vega 

et al. 2015). Docking also gives information 

about the activity and interaction of drugs with 

proteins by predicting binding energy values of 

different binding poses. Among many different 

poses, a pose with low binding energy is selected 

to obtain the optimized orientation of the ligand 

and target complex (Ahmed and Alkali 2019).  

Recent research has recognized the critical role 

of ion channels in tumors, making them 

attractive molecular targets for drug action. 

Various ion channels of cell membranes and 

organelles regulate tumor cell proliferation, 

apoptosis, invasion, and migration; some ion 

channels, such as chloride, are called oncogenic 

channels. Glycoprotein cystic fibrosis 

transmembrane conductance regulator protein, 

shortly known as CFTR, is one such protein. 

CFTR belongs to the ABCC family, specifically 

ABCC7, within the larger group of forty-eight 

ABC proteins categorized into seven. It 

expresses on the epithelial surface of the 

stomach, nasal cavity, and lungs, which are 

involved in fluid secretion, i.e., tears, sweat, and 

mucus (Locher 2016; Meng et al. 2019). It allows 

chloride ions to pass passively. Having an 

essential role in ion conduction, CFTR regulates 

the viscosity of liquid secretion and pH 

regulation and maintains secretory volume 

(Toprak, Davis, and Rosenfeld 2019). 

Dysfunction of CFTR results in the inability to 

export chloride ions, leading to the retention of 

water within cells, causing the production of 

abnormally thick fluids. CFTR imbalances can 

lead to conditions such as diarrhea, constipation, 

and lung abnormalities (Quintana-Gallego, 

Delgado-Pecellı́n, and Acuña 2014).  

CFTR expresses on the epithelial cell surface 

from where most cancers originate (Zhu et al. 

2017). Accumulating evidence has indicated the 

association of inflammatory pathways and 

inflammation-related cancers with genetic 

variations in the CFTR gene (Cohen and Prince 

2012). Also, there is a suggestion that CFTR 

interacts with a protein class (kinases) related to 

cancer (Muriithi et al. 2020). Ting Zhang and his 

colleagues recently reported CFTR involvement 

in regulating a transcriptional factor called NF-

κB. Overexpression of this protein will lead to 

aberrant activation of a complex called 

the uPA/uPAR axis, which is critical in 

epithelial-mesenchymal transition (EMT). As a 

result, cancer cells become motile through loss of 

integrity and tight junction. (Zhang et al. 2013), 

while normalizing CFTR levels reversed these 

activities (Liu et al. 2020). CFTR is also involved 

in estrogen production in ovaries through the 

FSH-stimulated signaling pathway. This finding 

of CFTR-based amplification of hormonal 

response may extend to other organs (Chen et al. 

2012). Another study reported CFTR over-

expression to be involved in the development 

and progression of ovarian cancer. Furthermore, 

the down-regulation of CFTR suppressed 

ovarian cancer cells' aggressively malignant 

behaviors in-vitro and in-vivo. Additionally, 

genetic mutations in CFTR have also been found 

to be associated with a lower risk of several other 

carcinomas, i.e., lung cancer (Li et al. 2010), 

prostate cancer (Qiao et al. 2008), and melanoma 

(Warren et al. 1991).  
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Despite all these observations, CFTR expression 

in different BC types remains inconclusive. 

Given CFTR's involvement in estrogen 

production, its role in ovarian cancer, and its 

association with EMT, it is reasonable to 

investigate CFTR expression in different BC 

types and high-grade tumors. As mentioned, 

normalizing CFTR expression suppresses 

aggressive tumors; therefore, we aim to suggest 

FDA-approved noncancerous antagonists and 

agonists, respectively, for target CFTR through 

docking studies to combat aggressive tumors. 

Our results demonstrate varied CFTR 

expression in different BC subtypes and 

suggest promising repurposing candidates for 

BC treatment. 

 

2. Methodology 

2.1. Data collection 

The study design involved both computational 

and experimental approaches. For 

experimental work, the data was collected from 

BC patients of Khyber Teaching Hospital, 

surgical ward B, after their informed consent. 

Ten high-grade breast tumor tissues 

(formalin/dry), after Modified Radical 

Mastectomy (MRM), were taken to detect 

biomarker protein CFTR. In the computational 

aspect of the study, a database called 

repurposing hub (Bairoch et al. 2005) which 

provides information on drugs that can be 

repurposed for cancer, was searched. Drug 

targets were identified from the drug bank 

(Thul and Lindskog 2018), while protein 

localizations were found through online 

databases called Gene card, and Uniport 

(Krisnamurti and Fatchiyah 2019). Protein 

expression in BC was searched using the 

human protein atlas (Thul and Lindskog 2018). 

A total of one hundred drugs were searched, 

and their respective targets were obtained. 

 

2.2. Computational Work  

A comprehensive screening process of 100 

drugs was conducted to obtain a single drug of 

interest: tezacaftor. The results are documented 

in supplementary tables 1, 2, and 3. The same 

hub was used to obtain a list of 23 drugs 

targeting CFTR. However, only the 11 drugs 

that had received FDA approval were 

considered for further analysis. The structural 

information of tezacaftor was obtained from the 

ZINC15 database, while the structural data of 

CFTR was retrieved from the Protein Data 

Bank. Out of the 11 relevant CFTR protein 

structures, the most suitable one was selected 

using an inclusion-exclusion criterion. The 

selection was based on criteria such as the 

presence of suitable binding sites, a specific 

mutant type, a lower resolution number (e.g., 

1Å), and a low count of missing residues. 

 

2.2.1. Drug and Protein Structures 

Preparation in MOE 

The protein structure was refined by removing 

solvents and extraneous ligands, except for 

Ivacaftor, and hydrogen atoms were added 

through the protonation of the 3D structure. 

The drugs were prepared in a molecular 

operating environment (MOE) by minimizing 

their energy and applying 3D protonation. The 

prepared protein structure, as well as the active 

sites of the protein, were validated and 

identified using various methods such as PDB, 

Discovery Studio, and literature search. The 

results, including the prepared protein 

structure and the isolated binding pocket, can 

be seen in Figure 1.  

In the docking process, all the drugs were 

repositioned to the active site, which required 

determining the orientation of the active site by 

isolating it from the protein structure. This 

isolated binding pocket, shown in Figure 1, was 

obtained by removing the protein backbone 

and retaining only the pocket region. A self-

docking step was performed using RMSD (root 
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mean square deviation) to validate the docking 

protocol. RMSD measures the average distance 

between the atoms of two superimposed 

structures. In this case, an experimental 

structure of a protein-ligand complex (602P) 

obtained from the PDB with a 3D structure was 

obtained. Self-docking of the complex was 

performed with the same drug to compare the 

docking pose and active residues with the 

experimental structure. A low RMSD value 

indicates higher accuracy, and 2Å or less is 

generally preferred. To select the most suitable 

drug(s) from the pool of 11 options, molecular 

docking was performed using the MOE, 

ChemCompd 2009.10 software. 

 

2.2.2. Molecular Docking  

All the prepared drugs were docked against 

prepared protein, and the results were saved as 

'result dock.mdb'. The obtained file was sorted, 

based on s-scores or binding scores, to obtain 

both agonist and antagonist for further 

analysis. The graph is shown in Figure 1 of the 

results. Each drug was individually analyzed 

against the active sites, and their 3D images 

were saved in JPEG format. MOE and 

Discovery Studio Visualizer 19 were used to 

analyze these images, allowing for the 

observation of the type of bonding between 

drug and protein. 3D images are presented in 

Figure 2. 

 

2.3. Experimental Work 

2.3.1. Immunofluorescence Staining 

Microtome and cryotome cutting of 4-5 μm was 

done to prepare FFPE blocks and Cryomolds. 

Antigen retrieval was performed on the FFPE 

samples using citrate buffer at pH 6.0 and a 

temperature of 95 °C for 15 minutes. For CFTR 

expression analysis, mouse monoclonal anti-

CFTR (Abcam) primary antibody (100ul), with 

red-colored goat anti-mouse IgG secondary 

antibody (500ul), was used. Anti-estrogen 

receptor alpha and oct3/4 (Abcam) were used as 

transcriptional factors (TFs) and were 

visualized using green color. 

After washing the slides with PBS, 

Permeabilization was done with PBSt using 

0.1% Tr-X in the desired amount of PBS. This 

step was followed by the blocking step using a 

blocking buffer (5% of FBS, 0.1 % of tween-

20/triton –X). Primary antibodies were used at 

concentration 1:200. Slides were incubated 

overnight with the primary antibody in a 

humidified chamber at 4°C. Subsequently, 

secondary antibody application was done at 

1:500 for 1 hour in the darkroom. 

For nuclei visualization, slides were stained 

with DAPI. A few drops of mounting medium 

were added to the slides. A cover slip was 

placed on stained tissue, sealed with varnish, 

and allowed to dry.  

The slides were examined under a fluorescent 

microscope. The images obtained from all three 

channels (CFTR, TFs, and DAPI) were merged 

using Adobe Photoshop to obtain RGB images. 

Nuclei were counted manually as well as using 

image analysis software like Image J. 

 

2.4. Statistical Analysis 

Nuclei counting and expression quantification 

were performed using both manual and 

automatic methods. The manual count is 

considered the gold standard, but since the 

process is laborious and error-prone, an 

additional count is conducted through software 

called Image J. This automated counting 

method provides precise results if the smallest 

nuclei are accurately identified. Based on these 

counts, the percentages of expressed 

biomarkers were calculated. The mean value 

was obtained by averaging the manual and 

automated counts results. Standard deviation 

and standard error mean were also calculated 

to assess the variability and precision of the 

data.
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Figure 1 Molecular docking. The protein obtained from PDB was a single chain with an unknown peptide entity (UNK) and 

conjugated with five unique ligands, shown in red, like adenosine triphosphate and AJP (digitonin). VX7 (Ivacaftor) and Mg 

(magnesium). b: All the ligands except Ivacaftor (FDA-approved drug for CFTR) were removed through MOE to obtain the protein 

required for docking. c shows an active site first isolated, and the protein backbone was removed from the structure. Identification 

and isolation of active sites are vital because, behind standard ligands, many other ligands are attached, specifying many binding 

sites other than the standard one(El-Hamamsy 2017). The following active sites remained conserved in all three methods. F932, S308, 

Y304, F305, F236, L233, A309, F931, G930, F312, VX71512. d. The docking protocol was validated by using RMSD . Our redocked drug 

was found to be almost precisely superimposed on an experimental structure with an RMSD value of 0.4531 Å. The drug in green is 

the experimental drug, while yellow is the same redocked drug. e. After building the ligand library and validating the protocol, the 

mdb file of drugs was repositioned into the isolated active site of protein through MOE software. The table mentioned above shows 

the results obtained from docking. f. Docking results were then arranged based on binding score/binding energy. Whenever ligands 

and proteins interact to form a bond, the release of energy is termed binding energy. A negative and low binding energy value shows 

that the complex is stable. The red line shows the trend of binding score that increases as we move from left to right.  
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Figure 2 Docking antagonist/agonist results interpretation: a: Glyburide shows arene-arene or (pi-pi) interaction with Phe312 of CFTR, 

having a bond length of 4.13 Angstrom. In pi-pi interaction, one ring is electron deficient, and the other is electron rich. Both interact to 

form a bond by sharing their electrons, forming a stable complex. b: bumetanide shows bonding with CFTR at two points, i.e., arene-

arene at Phe312, while hydrogen bond at Phe931, with bond lengths 4.13 and 2.3 angstroms, respectively. Pi-pi interaction is between two 

aromatic rings, one is electron deficient, and the other is electron rich. The same aromatic ring branch bearing electronegative oxygen end 

forms a hydrogen bond with Phe931 of CFTR. c: 3D interaction of the tezacaftor-CFTR complex showed bonding at two points, i.e., Phe312 

and Arg 933. One interaction is the arene-arene or (pi-pi) interaction between Phe312 of CFTR and drugs benzene ring, with a bond length 

of 5.70 Angstrom. Arg933, through its NH2 forms a conventional hydrogen bond with an oxygen-bearing five-membered ring of 

tezacaftor having bond length 2.1Angstrom. d: CFTR binds to the lumacaftor benzene ring through its Phe312 residue having a bond 

length of 5.70 Angstrom. Arg933, through its NH2 forms a conventional hydrogen bond with an oxygen-bearing five-membered ring of 

lumacaftor, the bond length being 2.1Angstrom. Glu873, through its oxygen-bearing end, interacts with the hydrogen of CH2. Interaction 

is polar, and the bond length is 2.2 Angstrom. 

 

3. Results 

3.1. Computational Part 

After drug-based protein identification and 

obtaining all the drugs that target CFTR, we 

prepared the protein for further analysis. The 

raw protein structure obtained from the Protein 

Data Bank (PDB) is depicted in Figure 1a. 

However, this structure contained several 

unnecessary ligands that were removed, 

resulting in the prepared protein structure 

shown in Figure 1b. To isolate the binding 

pocket of interest, Figure 1c illustrates the 

isolated binding pocket obtained by removing 

the protein backbone, leaving only the pocket 

region. The self-docked pose of the protein with 

the drug is shown in Figure 1d, which was used 

to validate the docking protocol. Figures 1e and 

1f present the molecular docking results, 
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providing insights into the binding interactions 

between the drugs and the CFTR protein. 

 

3.1.1. Docking Results  

Among antagonists, glyburide-6O2p complex 

showed the lowest binding energy, i.e., -

20.6541, followed by bumetanide, with a 

binding energy of -18.2072. On the other hand, 

among agonists, tezacaftor and lumacaftor 

were the top two drugs with binding 

energies of -20.09473 and -19.19770, 

respectively. The low binding free energy data 

also showed that these drugs form promising 

docked complexes with the target.  

 

3.2. Experimental Part 

3.2.1. Tumor Characteristics 

As per the inclusion and exclusion criteria, ten 

codes were selected and processed, including 

both FFPE and frozen. The codes BC1, BC2, 

BC3, and the rest denote BC samples numbered 

1, 2, 3, and so on. A table in the appendix 

presents all the clinical data and data generated 

by the Khyber Medical University (KMU) for 

these codes. IF staining was done on both FFPE 

and frozen samples. We divided the tumors 

into three categories, i.e., high-grade tumors 

(grade III), ER+ tumors, and TNBC tumors.  

 

3.2.2.  CFTR Expression in High-Grade 

Tumors  

Five of the ten analyzed samples were 

identified as high-grade aggressive tumors. 

Histopathology reports generated by KMU 

confirmed this classification. The samples BC1, 

BC4, BC5, BC6, and BC8 corresponded to high-

grade tumors. The expression of CFTR in these 

high-grade tumors is summarized in Figure 3. 

  

 
 

Figure 3 CFTR expression in high-grade tumors. Images referenced above are sourced from grade III metastatic tumors. We used 

DAPI for nuclei visualization. CFTR and Oct3/4 were the antibodies used for biomarkers visualization. The primary and secondary 

antibodies were used at concentrations of 1:200 and 1:500, respectively. As shown, CFTR expression in red was low in high-grade 

tumors. Images showed CFTR expression at all three places, i.e., cell membrane, cytoplasm, and inside the nucleus, which confirms 

defective CFTR presence in high-grade tumors. Somewhere CFTR expression was found in the nucleus too. Since CFTR only expresses 

in the cytoplasm (organelles) and at the cell membrane, the possible reason for CFTR expression in the nucleus is that, while taking 

the images, CFTR expressing organelle happened to be on the top of that nucleus. The image also shows fragments of CFTR scattered 

in the cytoplasm of the cell, which shows that CFTR synthesis was not normal, and it broke down into fragments in the cytoplasm 

before reaching the cell membrane. At the same time, red signals in the form of lines show CFTR expression on cell membranes.   
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3.2.3. CFTR Expression in ER+ Tumors 

Furthermore, for the evaluation of the 

relationship between CFTR expression and 

estrogen receptor alpha (ER+) status, 

immunofluorescence staining was conducted 

on three BC tissue samples (BC3, BC7, and 

BC10). Based on previous testing, these samples 

were identified as ER+ and were selected to 

provide insights into the role of CFTR in ER+ 

BC. Figure 4 documents these findings.  

 
Figure 4 CFTR expression in estrogen receptor-positive tumors. Immunofluorescence staining on ER+ 

tumors gave the results mentioned above. We used DAPI for nuclei visualization. CFTR and ER alpha 

antibodies from Abcam were used against CFTR and estrogen protein. The primary and secondary 

antibodies were used at concentrations of 1:200 and 1:500, respectively. Compared to high-grade tumors, 

the expression of CFTR (represented in red) was not low in ER+ tumors. CFTR is expressed in the cytoplasm 

and at the cell membrane. In some instances, both CFTR and estrogen receptor alpha were expressed 

together, resulting in a yellowish color created by the combination of red and green. The estrogen receptor 

alpha was expressed in the nucleus and cytoplasm. 

 

 

 
Figure 5. CFTR expression in triple-negative BC tumors. DAPI and CFTR staining on TNBC tumors 

produced the results shown above. In one sample, we did not detect any CFTR expression; in another, the 

expression was very low. CFTR was expressed in the cytoplasm in fragmented fo123456rm, indicating an 

abnormal presence of CFTR in triple-negative BC. 
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3.2.4. CFTR Expression in TNBC 

To detect CFTR expression in TNBC, 

immunofluorescence staining was conducted 

on TNBC tissue, i.e., BC2 and BC9, depicted 

in Figure 5.  

 

3.2.5. Biomarkers Expression Counting 

Nuclei and expressed biomarkers were counted 

both manually and automatically. We counted 

the percentages of expressed biomarkers from 

these values, and the mean was taken. We 

calculated the standard deviation and standard 

error mean from calculating the mean. As 

shown, the length of the error bar is 

significantly less, which means that the data 

was precise. 

 
 

Figure 6. Summary of the biomarkers' expression in different types of BC samples. 
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4. Discussion 

Although several abnormalities and toxicity 

issues in BC patients have been reported, yet 

little is done to repurpose a noncancerous and 

less toxic FDA-approved drug to treat it 

(Aggarwal et al. 2021). Studies on the role of ion 

channels, like CFTR, in BC are minimal. In the 

present study, we analyzed CFTR expression in 

different types of BC through 

immunofluorescence staining. Consequently, 

we found some noncancerous FDA-approved 

agonists and antagonists for repurposing. 

One notable example of drug repurposing is 

chemotherapeutic mitotic inhibitors, i.e., 

docetaxel, paclitaxel, and vinblastine, now used 

in cancer. Interestingly, paclitaxel was 

discovered in 1971 to manage arterial restenosis 

(Roberts 2020). These drugs have demonstrated 

efficacy in their primary indications and in 

affecting mitotic activity and inducing 

programmed cell death (apoptosis) in cancer 

cells by targeting bcl2 (Acharya et al. 2019). 

Similarly, our study suggests potential drugs 

for repurposing in BC. 

In-silico drug repurposing has yielded many 

success stories. For example, EGFR3 is a well-

known protein biomarker in bladder cancer; Ke 

and his colleagues demonstrated its inhibition 

by six compounds through computational 

methods. The success rate was two compounds, 

validated in-vitro, while others showed efficacy 

in a xenograft mouse model (Ke et al. 2017). 

Similarly, in our study, we docked 11 drugs 

with the target protein CFTR and identified 

glyburide, tezacaftor, and lumacaftor, as the 

most promising drugs for potential 

repurposing in BC. 

Moreover, we identified a protein called CFTR 

after extensive text mining and using different 

databases, including "the repurposing hub," 

"gene card," "uniport", and "human protein 

atlas." A list of fifty drugs and their targets was 

obtained and subjected to exclusion-inclusion 

criteria. Drug-based protein identification was 

done for all the drugs and their targets by 

searching the repurposing database. This 

method led to the identification of an unusual 

biomarker called CFTR. The same hub was 

searched again to obtain all the drugs that 

target CFTR. Similar strategies utilizing protein 

libraries have been mentioned by Ram 

Samudrala and William Mangione(Chi et al. 

2019), in 2019, showcasing their application in 

discovering promising drugs for various 

diseases. Additionally, text mining has been 

highlighted by Fleuren et al. as a valuable tool 

for exploring different relations and acquiring 

relevant knowledge in drug repositioning 

(Saha Roy and Vadlamudi 2012; Hunter et al. 

2010). 

While docking CFTR with a list of 11 drugs, we 

selected a crystal structure 6O2P for CFTR, 

which was in conjugation with a suitable 

ligand, as the ligand specifies suitable binding 

sites for drug binding (Krisnamurti and 

Fatchiyah 2019). 6O2P was a mutant type of 

protein because defective CFTR is implicated in 

BC progression (Elokely and Doerksen 2013). A 

similar approach was followed by H. R. 

Bhojwani and U. J. Joshi in the year 2019 when 

selecting the crystal structure 4ASE for VEGFR-

2 (Bhojwani and Joshi 2019).  

For docking studies, we first identified the 

binding site residues of CFTR through different 

databases where drugs were supposed to bind. 

These residues were F932, S308, Y304, F305, 

F236, L233, A309, F931, G930, F312, and 

VX71512. These results were consistent with the 

work of Giada Righetti et al., who, in the year 

2020, showed F236, Y304, F305, F312, F931,  

Y304, and S308 as the active site of CFTR 

(Righetti et al. 2020). 

Before docking, the docking protocol was 

validated by using RMSD. Our redocked drug 

was found almost exactly superimposed on the 

experimental structure with an RMSD value of 
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0.4531 Å, indicating a close agreement between 

the redocked and experimental structure. This 

validation ensures the reliability of the docking 

protocol and allows for further docking 

experiments. A similar approach was used by 

Mohammad Firoz Khan et al.when redocking 

celecoxib into the COX-2 crystal structure, 

which validated their docking protocol for 

subsequent studies(Khan et al. 2015). In 

obtained results, both drugs were 

superimposed with RMSD value below 1, 

which validates their docking protocol, and 

then used this protocol for their study.  

In our study, we suggested the top three drugs 

for repurposing based on docking score. These 

drugs had lower binding energy values, i.e., -

20.6541, -20.0947, and -19.1977 for glyburide, 

tezacaftor, and lumacaftor, respectively. 

Similarly, Reetuparna Acharya et.al., through 

docking studies in 2019, showed XAN, BER, 

ANG, PSO, and IMP as powerful anticancer 

agents (Acharya et al. 2019). This was further 

confirmed by in-vitro analysis. Giada 

Righettiet.al. 2020 docked lumacaftor and its 

structurally similar compound with CFTR; they 

concluded that lumacaftor binds to CFTR with 

the lowest binding energy, i.e., -21.04 (Righetti 

et al. 2020). While in our results, lumacaftor and 

CFTR complex showed a -19.1977 binding 

score. 

Glyburide, tezacaftor, and lumacaftor, the top-

ranked drugs in our study, are known for their 

antagonist and agonist actions on CFTR, 

respectively. Since CFTR overexpression was 

found to play an important role in the 

progression of ovarian cancer by increased 

estrogen production (Xu et al. 2015), glyburide 

as an antagonist may play an important role in 

BC prognosis by down-regulating or inhibiting 

CFTR action (Abraham et al. 1996), while both 

tezacaftor and lumacaftor work as an agonist in 

cystic fibrosis by correcting CFTR 

functioning(Lopes-Pacheco 2020). As down-

regulation of CFTR was found to be involved in 

BC metastasis (Zhong et al. 2014), so both drugs 

can work as agonists in BC by stopping EMT in 

BC. 

Besides a key role in BC, Estrogen signaling 

plays a vital role in normal breast cell growth 

and differentiation (Chi et al. 2019). The 

abnormal signaling inside and outside the cells 

can potentially promote metastasis in ER-

positive BC(Saha Roy and Vadlamudi 2012). 

Out of ten cases in our study, three samples 

were ER+ tumors, i.e., BC3, BC7, and BC10. Hui 

Chen et al. in 2012 showed CFTR involvement 

in regulating estrogen production in ovaries via 

FSH stimulated signaling pathway. This 

finding of CFTR-based amplification of 

hormonal response may also be valid in organs 

other than ovaries (Chen et al. 2012). So to check 

the relation between CFTR and Estrogen 

production, we applied both the antibodies, i.e., 

anti-CFTR and anti-estrogen receptor alpha, to 

BC7 and BC 10 and only CFTR antibody to BC3. 

CFTR-expressing cells in BC7 were 4.28%, 

estrogen receptor alpha-expressing cells were 

7.67%, and cells expressing both biomarkers 

were 4.20 %. Similarly, in BC10, CFTR-

expressing cells were 11.20 % while ER alpha-

expressing cells were 7.51%, and cells 

expressing both the biomarkers were 6.78%, 

which means that here in BC, there might be 

some relation between the both. These findings 

contradict the results of Jie Ting Zhang et al., 

who found that CFTR expression is unrelated to 

ER/PR status. 

In almost all our results, defective, fragmented 

CFTR expression was found in the cytoplasm. 

These results were consistent with the study of 

Jie Ting Zhang et al., who reported abnormal 

CFTR expression in BC and its inverse relation 

to poor prognosis(Zhang et al. 2013). Our 

results also showed defective CFTR expression 

on the apical membrane, which aligns with the 

findings of Hunter MJ et al. (2010), who showed 
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that defective CFTR presence on the apical 

membrane leads to NF-κB activation. NFκB 

activation, in turn, results in overproduction of 

cytokines, contributing to inflammation 

(Hunter et al. 2010). Also, Huber and co-

workers in 2004 worked on NFκB and 

identified its central role in EMT using a BC 

mouse model(Huber et al. 2004). 

EMT is a fundamental multistep process step 

involved in spreading cancer to distant organs 

and is characterized by tumor cells' motility 

and invasion (Liu et al. 2020). Xie C and 

fellows found that CFTR regulates the 

transcriptional factor NF-κB. (Xie et al. 2013) . 

Overexpression of this protein will lead to 

abnormal activation of a complex called the 

uPA/uPAR axis, which is critical in EMT. This 

results in the loss of cell integrity and 

disruption of tight junctions, promoting the 

motility of cancerous cells(Muriithi et al. 2020). 

In all five samples, i.e., BC1, BC4, BC5, BC6, and 

BC8, CFTR expression did not exceed 8%, 

indicating down-regulation of CFTR and its 

potential involvement in cancer progression 

and aggressiveness. Xie C et al. (Xie et al. 2013) 

reported similar findings in 2012, where CFTR 

was downregulated in prostate cancer, and 

CFTR overexpression suppressed uPA/uPAR 

expression. They also showed that inhibition of 

CFTR promoted proliferation, cell invasion, 

and migration in xenograft mouse models with 

prostate cancer. In the same way, Liu C et al. in 

the year 2020 (Liu et al. 2020) conducted 

research work to find out CFTR function in 

colorectal cancer and found CFTR expression to 

be down-regulated in cancerous tissues. 

Lastly, Liu K, Dong F, et al. (2013, 2020) re-

ported CFTR DNA methylation to be involved 

in TNBC cell lines. Treatment with DNA meth-

ylation inhibitors was found to be effective in 

rescuing CFTR mRNA (Zhang et al. 2013; Liu et 

al. 2020). In our case, two codes were TNBC 

cases. BC2, an FFPE sample, showed no CFTR 

expression, while BC9, a frozen sample, 

showed minimal CFTR expression. The finding 

that CFTR is expressed in BC samples and that 

various drugs can potentially target CFTR for 

BC treatment warrants future in vivo and in 

vitro experiments on drug repurposing in BC. 

 

5. Conclusions 

Our study represents an initial stride towards 

conducting in vitro and in vivo experiments fo-

cusing on repurposing CFTR-targeting drugs 

for treating BC. Specifically, we explored the 

potential of glyburide to inhibit CFTR and sub-

sequently suppress estrogen production while 

investigating how tezacaftor can enhance CFTR 

action to counteract tumor aggressiveness. 
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