VALIDATION OF NOVEL MOLECULE AS BRAF V600E INHIBITOR FOR THE TREATMENT OF COLORECTAL CANCER
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ABSTRACT
Aim: To validate 3-chloro-4-(1,3-dioxo-2-azaspiro[4.4]nonan-2-yl)N[3(trifluoromethyl)phenyl]benzenesulfonamide  (B1) as a potential BRAF V600E inhibitor via in-vitro analyses.
Study Design: Tests were carried out on HT-29 human colon cancer cell lines. Various studies such as clonogenic assay, apoptotic studies, Reactive Oxygen Species (ROS) studies and Indirect ELISA tests were carried out in both control sample and B1-incorporated sample for determining the efficacy of B1.
Place and Duration of Study: Sahrdaya College of Engineering and Technology, Kodakara and Centre for Research on Molecular and Applied Sciences, Thiruvananthapuram, between October 2023 and February 2024.
[bookmark: _Hlk161738299]Methodology: In this study, many in-vitro analyses were carried out to verify the BRAF V600E inhibition ability of B1 to be used as a potential drug candidate against the treatment of CRC. HT-29 human colon cancer cell lines were grown. Following that, clonogenic assay was performed to measure the cell growth, apoptotic studies to figure out the cell vitality, Reactive Oxygen Species (ROS) studies to calculate the amount of ROSs present, and Indirect ELISA tests to quantify the total protein concentration were performed in both control sample and B1-incorporated sample. 
Results: The molecule B1 significantly reduced the colony formation, increased the cell mortality, and elevated ROSs levels. The concentration of ERK (the downstream protein of BRAF) was likewise significantly reduced in the B1 sample, implying that the substance B1 is an efficient inhibitor of BRAF. All the results pointed to the fact that B1 can be used as an effective BRAF V600E inhibitor.
Conclusion: This work established the effectiveness of the molecule B1 as an effective inhibitor against BRAF for the treatment of CRC.
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1. INTRODUCTION
Colorectal cancer (CRC) is considered as the second deadliest cancer in the world with an estimated number of 1.9 million diagnosed patients in the year 2020 [1-2]. One amongst the factors for this malignancy is the mutation of BRAF protein, a serine/threonine protein kinase that promotes cell division, propagation, and maintenance. The amino acid valine (V) at the 600th position is replaced with glutamic acid (E) which contribute for the mutation and mis-function of BRAF protein [3]. The BRAF V600E is found in about 5-10% of CRC patients [4]. Various studies have been reported in the past years for the identification of various BRAF V600E inhibitors. However seldom inhibitor molecules identified were found to be effective.	Comment by vetpuva@gmail.com: Add newer refrence
Computer aided drug discovery is a successful method employed in the process of drug discovery since it produces efficient result within a stipulated time. The authors have identified 3-chloro-4-(1,3-dioxo-2-azaspiro[4.4]nonan-2-yl) N[3(trifluoromethyl)phenyl]benzenesulfonamide (B1) as a potential BRAF V600E inhibitor via various in-silico approaches like pharmacophore modelling, Absorption Distribution Metabolism Excretion/ Toxicity (ADME/T) studies, molecular docking and molecular dynamic simulation studies. In this work the efficiency of the proposed drug candidate was validated via various in-vitro analyses. 

2. MATERIALS AND METHODS
2.1 Cell culture preparation
For the present study, HT-29 (Human Colon Cancer) cells were procured from National Centre for Cell Sciences (NCCS), Pune, India and maintained in Dulbecco’s modified Eagles medium, DMEM.
Cell lines were cultured in a 25 cm2 tissue culture flask, in DMEM medium supplemented with 10% FBS, L-glutamine, sodium bicarbonate, and an antibiotic solution (consisting of Penicillin, Streptomycin and Amphoteracin B). After reaching sufficient confluency, cells were treated to B1 (sample) at a concentration of 102.8341 g/mL from a stock of 1mg/mL and incubated for 24 hours at 370C in a humidified 5% CO2 incubator. Control cells that had not been treated were likewise kept alive. 

2.2 Clonogenic assay
The clonogenic experiment was carried out in a 6-wellplate. A solution of 1% and 0.8% agarose was produced and stored in a 560°C water bath. An equal amount of 1% agarose and DMEM made the bottom layer, and it was kept for solidifying. A mixture of 0.8% agarose and DMEM was used to make the top layer. The transfected cells were trypsinized and gently applied to the top layer. The plates were incubated for 14 days for the uninterrupted colony development. The colonies formed were fixed with 4% formaldehyde for 2 hours before being stained for 30 minutes with 0.005% Crystal violet. Only colonies with at least 50 cells were counted in each assay. The procedure was repeated thrice for precise results. 

2.3 Apoptosis studies
The incubated HT-29 cells were rinsed with cold Phosphate buffered saline (PBS) and dyed for 10 minutes at 270C with a combination of DNA-binding dyes Acridine Orange (AO) and Ethidium Bromide (EtBr). The dyed cells were washed twice with 1X PBS and consequently examined with a fluorescence microscope in blue filter (Olympus CKX41 with Optika Pro5 camera).
2.4 Reactive Oxygen Species (ROS) analysis	Comment by vetpuva@gmail.com: Companies reference may be quoted
The incubated HT-29 cells were washed with PBS before being treated with 2'-7'-Dichlorodihydrofluorescein diacetate (DCFDA) and incubated for 30 minutes. Afterwards, the surplus dye was removed using PBS, and the fluorescence was photographed under a fluorescent microscope. Fluorescence was measured at 470 nm (excitation) and 635 nm (emission) (Qubit 3.0, Life technologies, USA) and reported in arbitrary units.

2.5 Indirect Enzyme Linked Immunosorbent Assay (Indirect ELISA)
The supernatant from the cell line culture with and without treatment were added to the 96 well plate and kept incubated for 370C overnight. The subsequent day, the well was drained, washed with PBS, and blocking buffer was added. After incubation, the wells were washed with PBS, added primary antibody (ERK), and kept for 2 hours at 270C. Afterwards, the primary antibody was removed, and the plate was washed using PBS. Subsequently, HRP conjugated secondary antibody was added and incubated for 1hour at room temperature. The wells were again washed with PBS, added chromogen, and kept for 30 min at room temperature (dark incubation). Finally, the reaction was ceased by adding 5N HCL and absorbance was noted at 415nm.


3. RESULTS AND DISCUSSIONS
3.1 Clonogenic assay and growth studies
The clonogenic assay or colony formation assay is used to assess the ability of cells to multiply in an anchorage-independent style, which is hallmark of carcinogenesis [5-6]. This experiment is most used to examine the influence of oncogenes on anchorage independent growth or whether a gene is required for this trait. Cells are plated in a soft agar medium matrix where they are unable to bind to an underlying substrate. If cells can proliferate, they will form clusters of cells known as colonies. Each clump of cells or colony is assumed to be the outcome of a single cell that has been able to multiply anchorage-independently.
The control cell sample had 1248 colonies after the clonogenic experiment, while the treated cell sample had only 572 colonies (Fig 1). This suggests that upon exposing with B1, the cell development was suppressed indicating the efficiency of B1. Fig 2 shows the photographic images of both colonies.


Fig 1: Number of colonies present in control and B1 samples after clonogenic experiment.
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Fig 2: Photographs of colony growth in (a) control and (b) B1 sample

3.2 Apoptotic assay and analysis of cell vitality
Apoptosis is a process of programmed cell death, in which the damaged, infected, or redundant cells are eliminated from the body. The phenotypic distinction between apoptotic and necrotic cells was performed using the DNA-binding dyes AO and EtBr [7]. AO is taken up by both live and dead cells and emits green fluorescence when interspersed into double-stranded nucleic acid (DNA). EtBr is only absorbed by unsustainable cells and produces red fluorescence by incorporation into DNA [8].
[image: ]
Fig 3: The viability of the cells analysed of (a) control (b) B1 sample.	Comment by vetpuva@gmail.com: Picture may be replaced
From the result (Fig 3), it was observed that in the control sample, no red fluorescence is visible indicating the complete viability of the cells whereas in the B1 sample, the red fluorescence is very high confirming the death of the cells. The compound B1 henceforth has the ability to inhibit the colorectal cancer cells in the body.

3.3 ROS studies and fluorescence intensity analysis
ROS are reactive molecules that originate from oxygen. In biological systems, an excess of ROSs may result in oxidative damage to biological macromolecules that are involved in several illnesses [9]. DCFDA, a fluorogenic dye used to mark the hydroxyl, peroxyl and other ROSs activities within the cell, is being used in the ROS analysis. Once diffused into the cell, DCFDA is deacetylated by cellular esterases to a non-fluorescent compound 2′,7′-dichlorodihydrofluorescein (H2DCF), which is later oxidized by ROS into 2’,7’-dichlorofluorescin (DCF) which shows green fluorescence when excited with a blue filter [10]. 
Table 1 shows the fluorescence intensity obtained for the control and B1 sample after the ROS analysis. It was observed that the fluorescence intensity of B1 sample was around 22 times greater than that of the control sample. Hereby it was inferred that B1 compound kills and inhibits the HT-29 cells, releasing various ROSs in the process, which causes the high fluorescence in the B1 sample. Fig 4 shows the photographic images of the fluorescence of both the samples. 

Table 1: Fluorescence intensity of control and B1 samples after ROS analysis
	Sample code
	Fluorescence Intensity 

	Control
	245.84 AU

	B1 sample
	5525.53 AU
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Fig 4: Photographic images exhibiting the fluorescence of (a) Control and (b) B1 sample.

3.4 Indirect ELISA and total protein quantification
ELISA is an antigen antibody response. It is a plate-based test that detects and quantifies substances such proteins, peptides, hormones, and antibodies. ELISA was done in this study to quantify ERK concentrations to indirectly determine the efficiency of B1 compound against inhibiting BRAF protein. ERK concentration was normalised with total protein content.
Table 2 and Fig 5 demonstrate the activity units of the control and B1 samples following ELISA. The results show that the ERK concentration reduced significantly in the B1 sample, implying that the substance B1 is an efficient inhibitor of the BRAF protein.

Table 2: The ELISA results of control and B1 sample
	Sample code
	Activity units/mg protein 

	Control
	0.95493

	B1 sample
	0.68672








Fig 5: Activity units/mg protein of control and B1 samples

4. CONCLUSION
This study has validated the efficiency of B1 as a potential drug candidate against the treatment of CRC via various in-vitro analyses. Clonogenic assay, apoptotic studies, ROS assay, indirect ELISA studies were carried out and the results obtained were satisfactory to prove the efficacy of B1.
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