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			Abstract

			The detection of somatic mutations in tumors is essential for the understanding of cancer development and targeting therapy. The screening for BRAF V600E mutation is employed in clinical practice in Libya for its prognostic and potentially predictive role in patients with metastatic colorectal carcinoma (mCRC). Using of BRAF mutant DNA and wild type DNA targets, we found that the sensitivity of allelic discrimination-Real Time PCR was applicable. The Real Time PCR assay displayed increased analytical sensitivity in detecting the BRAF V600E mutation. The association of BRAF mutations with clinical and pathological features was assessed using Real Time PCR assay. Qiagen Real Time PCR Platform was utilised using a set of primers. forward 5’-GAC.CTC.ACA.GTA.AAA.ATA.GGT.G 3’, reverse 5’-TCC.AGA.CAA.CTG.TTC.AAA.CTG.A. 3’. Our study indicates that Real Time PCR-based assays is convenient to detect the BRAF V600E mutation in CRC and that BRAF mutations screening should not be restricted to selected patients on the basis of the clinical-pathological characteristics.
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			Introduction 

			BRAF is a member of Raf kinase family proteins, it has a molecular weight of 75-100 kDa, and it is the main activator of MEK kinase in Ras-Raf-MEK-ERK pathway [1,2]. It is a serine/threonine kinase that is part of cellular signaling pathways, comprising the MAP kinase signaling system, and is participating in differentiation and cell division. More than thirty mutations of the BRAF gene associated with human cancers were determined. In ninety percent of the cases, thymine is changed with adenine at nucleotide 1799 [3-5]. This directs to an amino acid substitution at codon 600 whereby Valine (V) is replaced by Glutamic acid (E) in the activation segment. This mutation has been found in many tumors. The BRAF V600E mutation (1799T>A nucleotide change) which is characterizing up to 80% of all BRAF mutations and is found in various neoplasms, as follows; colorectal carcinoma (5-22%), malignant melanoma (40-70%), glioma (11%), thyroid papillary carcinoma (36-53%), lung adenocarcinoma (4%), ovary serous carcinoma (30%), and hairy cell leukemia (100%) [6]. In addition, BRAF V600E mutation could be acquired mutation 

and it is found in many cancers, including colorectal cancer, non-Hodgkin lymphoma, papillary thyroid carcinoma, malignant melanoma, hairy cell Leukemia, non-small cell lung carcinoma, and adenocarcinoma of lung [7-9].

			The classic method for detecting BRAF mutation is the Sanger sequencing method, however the test is expensive, and it requires expensive equipment. A study in Tunisia found that a sporadic colorectal tumorigenesis is caused by alterations in the BRAF pathways and it found six novel mutations using polymerase chain reaction sequencing in the mutation cluster region of the APC gene (mutations in the APC gene may result in colorectal cancer) [10]. The clinicopathological analyses showed an alliance between point mutations and the earliest occurrence of sporadic colorectal cancer [10]. The findings of this study confirm the heterogeneity of adenomatous polyposis coli (APC) gene alteration and expose a particular profile of this pathology between Tunisian patients that confirms the epidemiological data for this neighbour country.

			Real time PCR is very convenient technique for analysis of single nucleotide polymorphisms (SNPs) and has been progressively more used for this principle since the advent of real-time PCR and as whole genome sequences have become accessible [11]. It needs methods that are sensitive, rapid, inexpensive and specific, and numerous real-time methods have evolved which accomplish these requirements [12]. Additionally, real-time PCR is a technique that is readily open to automation and no post-PCR handling is needed. Different formats have been used including hybridization probes with melting curve analysis, molecular beacons, hydrolysis probes and scorpion primers [13-15]. SNP detection by real-time PCR has established applications in diagnosis of many human disease, clinical microbiology and drug development, pharmacogenetics, and has used instead of techniques like sequencing, restriction enzyme digestion and single strand conformation polymorphism [16,17]. The main aim of this study is to explore the colorectal tumorigenesis which is caused by alterations in BRAF pathways and to analyze the occurrence of these genetic alterations in relation to metastatic colorectal cancer (mCRC) in Libyan patients. 

			Material and Method

			Samples collection and preparation 

			Samples from 76 different patients were obtained from block archive of the National Cancer Institute Sabratha, Libya. All samples were collected from patients who had been diagnosed with colorectal cancer (CRC) between 2011 and 2016. In order to select only the neoplastic tissue, all Formalin-Fixed Paraffin-Embedded (FFPE) tissue specimens were reviewed by a pathologist. Clinical and pathological information was obtained from clinical files. FFPE sections were heated in the with 200 µL 0.5% tween 20 solution and centrifuged. After cooling, wax discs were removed and samples were digested using 200 µL protein kinase (ABIO pure) overnight at 37 0C. This is a retrospective clinical validation study; consequently, no consent was required from the Internal Review Board to analyze clinical patient data under the Libyan Law for human medical research (LMO). Data were coded so that they were not appreciable to the individual patient, according to national ethical procedures (‘Code for Proper Secondary Use of Human Tissue’, Libyan Federation of Medical Scientific Societies).

			DNA extraction 

			DNA extraction was conducted using phenol-chloroform method [18], where the samples were washed twice with an equivalent volume of phenol then twice with an equivalent volume of chloroform, after each wash, the samples were centrifuged for 15 minutes at 13,200 rpm and the supernatant was recovered after each wash, after that DNA was precipitated using 200 µL 100% ethanol solution of 0.03M sodium acetate. The mix was placed at -80 0C for 30 minutes then centrifuged for 30 minutes at 13,200 rpm and the supernatant was discarded. The samples were further washed with 70% ethanol then air dried. DNA samples were suspended in 50 µL nuclease free water and stored at -20 0C.

			Quantitative PCR high-resolution melting (qPCR-HRM) curve analysis

			Real time PCR was performed according to the manufacturer’s instruction (Qiagen, Rotor-Gene Q Platform, Germany) using the following set of primers. forward 5’-GAC.CTC.ACA.GTA.AAA.ATA.GGT.G 3’, reverse 5’-TCC.AGA.CAA.CTG.TTC.AAA.CTG.A 3’ where the melting point of both primers were 58 0C and the final concentration was 0.2 picomole. The reaction volume was 25 μl, with 2 µl (45 ng/ µl) of input DNA. Rotor gene Q appliance (Qiagen) was used for the analysis according to the following protocol, the amplification was conducted for 45 cycles as following, denaturation at 95 0C for 10 sec, annealing for 10 sec at 55 0C, elongation for 40 sec at 72 0C.Then an HRM analysis was conducted between 70-90 0C with an interval of 1 sec.

			Result and Discussion

			The result of HRM (High resolution melt analysis) and the sequence of the relevant segment of BRAF gene of three sample is listed in Table 1. Table 1 shows the thermal denaturation profiles comparing wild and mutated BRAF targets. The PCR showed a sensitivity of 100% for BRAF V600E of the homo and hetero mutated samples indicating the BRAF-V600E (c.1799T > A) which is in agreement with the BRAF-V600-ddPCR results reported by Bisschop et al. [19].

			Table 1 indicates that duplexes containing mismatches are considerably destabilized compared with their correctly paired parent the extent being dependent on the base composition and sequence of the oligonucleotide as well as on the type and location of the mismatch. These results indicate that the ∆G contribution of a single T/A mismatch and the position of the mismatch are crucial to duplex stability. The ∆G contribution of a single T/A mismatch to duplex stability was studied by Hatim et al. [20] who found that the ∆G is dependent on the neighboring base pairs and ranges from +1.16 kcal/mol (for the context TGA/AAT) to -0.78 kcal/mol (for the context GGC/CAG). Hatim et al. [20] also showed that the nearest neighbor model is applicable to internal G/T mismatches in DNA. In their study of G/T mismatches, the most stable trimer sequence containing a G/T mismatch was -1.05 kcal/mol for CGC/GTG and the least stable was +1.05 kcal/mol for AGA/TTT. 

			Table 1: Characteristics of BRAF wild and mutated targets.

			
				
					
					
					
					
					
				
				
					
							
							Sample Code

						
							
							Mutated/Wild Type

						
							
							SNP type

						
							
							Tm (Co)

						
							
							Relevant sequence

						
					

					
							
							2008/14E

						
							
							Wild type

						
							
							None

						
							
							77.79±0.02

						
							
							CTAGCTACAGTGAAATCTCGA

						
					

					
							
							1234/14

						
							
							Homo-mutated

						
							
							V600E and Silent mutation

						
							
							72.29±0.15

						
							
							CTAGCTACAGAGAAGTCTCGA

						
					

					
							
							7/14AI

						
							
							Hetero-mutated

						
							
							V600E

						
							
							76.38±0.12

						
							
							CTAGCTACAGAGAAATCTCGA

						
					

				
			

			On average, when the closing Watson-Crick pair on the 5’ side of the mismatch is an A/T or a G/C pair, G/A mismatches are more stable than G/T mismatches by about 0.40 and 0.30 kcal/mol, respectively [20,21]. When the 5’ closing pair is a T/A or a C/G, then G/T mismatches are more stable than G/A mismatches by 0.54 and 0.75 kcal/mol, respectively. Evidently, the different hydrogen-bonding and stacking in G/T and G/A mismatches results in different thermodynamic trends. BRAF V600E mutation testing has demonstrated utility in helping select CRC patients who are considering monoclonal antibody therapy as wild-type BRAF is required for response to anti-EGFR antibodies [22] and improve diagnostic accuracy in thyroid FNA samples [12,13]. In addition, BRAF V600E mutation is connected with sporadic microsatellite instable CRC, but not hereditary non-polyposis colorectal cancer (HNPCC) syndrome [23-25]. Consequently, the presence of BRAF V600E mutation is an elimination criterion for HNPCC genetic testing [23-25]. BRAF V600E mutation testing can also help facilitate clinical studies of BRAF-targeted therapies [24]. The improved understanding of the role BRAF mutations in cancer diagnosis, prognosis and treatment has increased the need for BRAF mutation testing [26,27].

			Conclusion

			We have used a sensitive, specific and low-cost PCR assay to detect BRAF V600E mutation. The PCR assay can be easily implemented by many molecular laboratories for BRAF V600E mutation testing. Our method using the designed primers provides one of the most sensitive methods for BRAF V600E gene mutation detection. The principal of our study design can be potentially adapted to detect other low abundance point mutations such as tumors with rich background stroma and post-treatment tumor samples.

			References

			
					Cantwell-Dorris ER, O’Leary JJ, Sheils OM (2011) BRAFV600E: implications for carcinogenesis and molecular therapy. Mol Cancer Ther 10(3): 385-394.

					Moelling K, Heimann B, Beimling P, Rapp UR, Sander T (1984) Serine- and threonine-specific protein kinase activities of purified gag-mil and gag-raf proteins. Nature 312(5994): 558-561.

					Myte R, Gylling B, Haggstrom J, Schneede J, Lofgren-Burstrom A, et al. (2018) One-carbon metabolism biomarkers and genetic variants in relation to colorectal cancer risk by KRAS and BRAF mutation status. PLoS One 13(4): e0196233.

					Sommerer F, Hengge UR, Markwarth A, Vomschloss S, Stolzenburg JU, et al. (2005) Mutations of BRAF and RAS are rare events in germ cell tumours. Int J Cancer 113(2): 329-335.

					Weber A, Langhanki L, Sommerer F, Markwarth A, Wittekind C, et al. (2003) Mutations of the BRAF gene in squamous cell carcinoma of the head and neck. Oncogene 22(30): 4757-4759.

					Hall RD, Kudchadkar RR (2014) BRAF mutations: signaling, epidemiology, and clinical experience in multiple malignancies. Cancer Control 21(3): 221-230.

					Schmid T, Buess M (2018) Overcoming resistance in a BRAF V600E-mutant adenocarcinoma of the lung. Curr Oncol 25(3): e217-e219.

					Ressa A, Bosdriesz E, de Ligt J, Mainardi S, Maddalo G, et al. (2018) A system-wide approach to monitor responses to synergistic BRAF and EGFR inhibition in colorectal cancer cells. Mol Cell Proteomics 7(10): 1892-1908.

					Corre J, Cleynen A, Robiou du PS, Buisson L, Bolli N, et al. (2018) Multiple myeloma clonal evolution in homogeneously treated patients. Leukemia.

					Bougatef K, Ouerhani S, Moussa A, Kourda N, Coulet F, et al. (2008) Prevalence of mutations in APC, CTNNB1, and BRAF in Tunisian patients with sporadic colorectal cancer. Cancer Genet Cytogenet 187(1): 12-18.

					Pattyn F, Speleman F, De Paepe A, Vandesompele J (2003) RTPrimerDB: the real-time PCR primer and probe database. Nucleic Acids Res 31(1): 122-123.

					Germer S, Holland MJ, Higuchi R (2000) High-throughput SNP allele-frequency determination in pooled DNA samples by kinetic PCR. Genome Res 10(2): 258-266.

					Navarro E, Serrano-Heras G, Castano MJ, Solera J (2015) Real-time PCR detection chemistry. Clin Chim Acta 439: 231-250.

					Kutyavin IV (2010) New approach to real-time nucleic acids detection: folding polymerase chain reaction amplicons into a secondary structure to improve cleavage of Forster resonance energy transfer probes in 5’-nuclease assays. Nucleic Acids Res 38(5): e29.

					Taveau M, Stockholm D, Spencer M, Richard I (2002) Quantification of splice variants using molecular beacon or scorpion primers. Anal Biochem 305(2): 227-235.

					Gombocz E, Cortez E (1995) Separation, real-time migration monitoring and selective zone retrieval using a computer controlled system for automated analysis. Appl Theor Electrophor 4(4): 197-209.

					Mayrand PE, Robertson J, Ziegle J, Hoff LB, McBride LJ, et al. (1991) Automated genetic analysis. Ann Biol Clin (Paris) 49(4): 224-230.

					Koshy L, Anju AL, Harikrishnan S, Kutty VR, Jissa VT, et al. (2017) Evaluating genomic DNA extraction methods from human whole blood using endpoint and real-time PCR assays. Mol Biol Rep 44(1): 97-108.

					Bisschop C, Ter Elst A, Bosman LJ, Platteel I, Jalving M, et al. (2018) Rapid BRAF mutation tests in patients with advanced melanoma: comparison of immunohistochemistry, Droplet Digital PCR, and the Idylla Mutation Platform. Melanoma Res 28(2): 96-104.

					Allawi HT, SantaLucia J Jr, (1998) Nearest Neighbor Thermodynamic Parameters for Internal G.A Mismatches in DNA. Biochemistry 37(8): 2170-2179.

					Allawi HT, SantaLucia J Jr, (1997) Thermodynamics and NMR of Internal G.T Mismatches in DNA. Biochemistry 36(34): 10581-10594.

					Uyl-de Groot CA, van Rooijen EM, Punt CJA, Pescott CP (2018) Real-world cost-effectiveness of cetuximab in the third-line treatment of metastatic colorectal cancer based on patient chart review in the Netherlands. Health Econ Rev 8(1): 13.

					Domingo E, Laiho P, Ollikainen M, Pinto M, Wang L, et al. (2004) BRAF screening as a low-cost effective strategy for simplifying HNPCC genetic testing. J Med Genet 41(9): 664-668.

					Samowitz WS, Sweeney C, Herrick J, Albertsen H, Levin TR, et al. (2005) Poor survival associated with the BRAF V600E mutation in microsatellite-stable colon cancers. Cancer Res 65(14): 6063-6069.

					Turner DJ, Zirvi MA, Barany F, Elenitsas R, Seykora J (2005) Detection of the BRAF V600E mutation in melanocytic lesions using the ligase detection reaction. J Cutan Pathol 32(5): 334-339.

					Wreesmann VB, Singh B (2008) Clinical impact of molecular analysis on thyroid cancer management. Surg Oncol Clin N Am 17(1): 1-35.

					Puxeddu E, Durante C, Avenia N, Filetti S, Russo D (2008) Clinical implications of BRAF mutation in thyroid carcinoma. Trends Endocrinol Metab 19(4): 138-145.

			

		

		
			
				
					[image: ]
				

				
					Global Journal of

					Nanomedicine

					ISSN: 2573-2374

				

			

		

		
			Glob J Nanomed

			Copyright © All rights are reserved by Abdul M Gbaj

		

		
			
				
					[image: ]
				
			

		

	OEBPS/toc.xhtml

		
			
						
					CoverImage
				


						
					GJN.MS.ID.555645
				


			


		
	

OEBPS/image/JP_Logo_for_web_310x90-01(1).png
.junlp

UBL\SHERS






OEBPS/image/36566.png





OEBPS/image/GJN.jpg





