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			Abstract | Background: Brain cancer is considered one of the most prevalent types of cancer in the world. Primary brain tumours consist of two types. Studies provide some deficiencies in mitochondrial functions that could cause different genetic. Objective: This study aimed to determine the association of ATPase 6,8 alterations of brain tumour cells in comparison with the adjacent healthy tissue cells. Methods: A group of patients was examined, and their disease was identified during precise examinations. These persons were sampled for their affected brain tissues, and these were compared with their adjacent healthy cells. Besides, the populations of 300 healthy controls were selected as the control. The DNA of the brain tumour cells was extracted and analysed using sequencing methods. Result: After the sequence analysis, T8473C, G8584A, A8701G, A8730G and A8860G variants were found—all of them had been reported in other diseases. Also, they were observed in patients with brain tumours, as compared with the adjacent normal tissues. Discussion: The A8860G variant was one of the most prevalent polymorphisms between all these alterations in brain cancer. It seems that the ATPase 6 subunit is more prone to brain cancer. The analysis shows that amongst all the five variants determined in this research, the T8473C, G8584A and A8730G variants—with the p value<0.05—were considered to affect brain tumours.
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			Introduction 

			 

			According to WHO, a primary brain tumour includes 160 types. The most common of these categories are gliomas and medulloblastoma. Gliomas are known by histological standards as consisting of the presence of mitoses, cytoplasmic morphology or devious nuclear, glomeruloid angiogenesis and necrosis. Based on the WHO classification system, gliomas can be categorized into four different grades with increasing malignancy apportion (Rich and Eyler, 2008). Grade 4 (malignant glioblastoma multiform—GBM) is considered to have the highest invasiveness amongst all the grades. GBM can cause different symptoms—for instance, necrosis, excessive vascular proliferation, and rising expression angiogenic factors (Brat et al., 2015, Friedman et al., 2009). The annual prevalence of malignant glioblastoma is about 5 cases per 100,000 people in the world. Also, more than 18,000 new cases are known in the United States each year (Liu et al., 2010, Wen and Kesari, 2008). Treatments of malignant glioblastoma include surgical resection and radiation therapy, with some new studies in chemotherapy drugs, such as Temozolomide, Bevacizumab, Irinotecan, etc. Based on recent studies, simultaneous use of these drugs with other treatments is more effective when compared with radiation therapy alone (Stupp et al., 2005, Vredenburgh et al., 2007). There are many studies about the relevance of the connection between mtDNA and well-known diseases like cancers and diabetes. So, mitochondrial genes could participate in cancers—for example, breast, colon and kidney cancers (Raule et al., 2007).

			 

			The human mitochondrion is defined by circular double-strand DNA and double-membrane with independent genome, transcription and translation machinery. Some genes are encoded by mitochondrial DNA, such as 13 genes of oxidative phosphorylation subunits, 22tRNA and 2rRNA genes, and all the mitochondrial assembly factors encoded by nuclear DNA. The mitochondria play an indispensable role in cells, including control of apoptosis, autophagy, reactive oxygen species (ROS), heat production, etc. The most well-known role of the mitochondrion is to supply ATP (adenosine triphosphate) during oxidative phosphorylation system. It demonstrates that mitochondrial DNA mutations could relate to many neurodegenerative diseases and cancers. Primary studies by Otto Warburg suggested the mutation in mitochondrial DNA could affect carcinogenesis processing and tumours. He explained different mechanisms for taking glucose to produce ATP between healthy and cancer cells. The oxidative phosphorylation system (OXPHOS) is essential to some organs—for example, the heart, muscles, and brain—which require high energy. Therefore, it is not surprising that any failure in mitochondrial OXPHOS would cause pathogenic disorders in these organs (Raule et al., 2007, Carew and Huang, 2002, Hejzlarova et al., 2014, Jonckheere et al., 2012, Wong, 2013, Kroemer, 2006, Greaves et al., 2009). Complex V or ATP synthase is assigned to make adenosine triphosphate (ATP). The variants of ATPase subunit 6 and subunit 8 genes have demonstrated in many cancers that the two of these genes pertain to Complex V (Ghaffarpour et al., 2014, Parrella et al., 2001, Chatterjee et al., 2006, Cuezva et al., 2002). According to previous studies, there has been no experience of mitochondrial ATPase 6 and 8 subunits and their correspondence to brain cancers up to now. Thus, these studies are required to investigate the correlation of mitochondrial genes alterations in brain tumours, which improve our understanding of advances in brain cancers. Like the previous studies, we also intend to investigate ATPase subunit 6 and subunit 8 genes to detect their association with brain tumours in comparison with the normal adjacent tissues. In this study, we suggested some ATPase 6,8 alterations that could be associated with brain tumours.

			 

			Materials and methods

			 

			Samples

			The number of patients with brain cancer was gathered from Cancer Institute Center of Lorestan, Iran, and 300 peripheral blood samples from healthy individuals as standard controls from Houshmand Genetic Laboratory of Tehran, Iran. Information related to these patients is given in the table below (Table 1), as can be seen, 92 percent males and 8 percent females with 40% glioblastoma multiform, 36% astrocytomas, 12% oligodendrogliomas, 8% ependymoma and 4% giant cell glioblastoma were included. All tumour tissues were frozen in liquid nitrogen immediately after removal and then stored at -800 degrees C until DNA extraction. 

			 

			Table 1: Information about the patients with brain cancer, with details given in the table below

			
				
					
					
				
				
					
							Characteristic
							Freq
					

					
							
							         Male

							         female

						
							
							92%

							8%

						
					

					
							
							Age

							< 40 years 

							> 40 years   

						
							
							 

							72%

							28%

						
					

					
							
							Clinic data

							Right fronto-temporal

							Left fronto-temporal

							Right temporal

							Left temporal

							Left frontal

							Right frontal

							Right parieto-occipital

							Right fronto-parietal

							Intraventicular

							Cerebral

						
							
							 

							12%

							4%

							24%

							8%

							12%

							8%

							8%

							12%

							4%

							8%

						
					

					
							
							Diagnostic

							Astrocytoma

							Giant Cell Glioblastoma

							Oligodendroglioma

							Ependymoma

							Glioblastoma multiform

						
							
							 

							36%

							4%

							12%

							8%

							40%

						
					

				
			

			

			 

			DNA Extraction and Primers

			Genomic DNA was extracted from tumour tissues with the DNeasy 96 Blood & Tissue Kit (21586 and 21581 Nos. CatQiagen GmbH, Hilden, Germany). The forward and reverse primers used in this research were following the previous study (Ahari et al., 2008).

			 

			Polymerase Reaction Chain (PCR)

			A 1079 bp fragment was amplified for screening alterations into mitochondrial ATPase 6,8 genes. In brief, PCR was performed with 3 µL total DNA, 0.8µL of each primer, 0.5 µL of dNTPs; 2.5 µL of the buffer; 0.8 µL MgCl2; and 0.3 unit Taq polymerase (GenFanavaran company, Tehran, Iran) in the final volume of 25mL. After addition of 10 µL of mineral oil (Sigma) to PCR protocol: primary denaturation, 5 min per-PCR incubation step at 94°C, 35 cycles of denaturation (94°C) for 50 s, annealing (55°C) for 50 s, and extension (72°C) for 50 s and final extension of 72°C for 10 min were carried out using an automated DNA Thermal Cycler (Perkin-Elmer Cetus). The 1079bp fragment was run on 1% agarose gel. 

			 

			Sequencing Analysis

			The PCR products were sequenced on Applied Biosystems 

			Table 2: All the polymorphisms found in this study are shown in the table below, with all the information about them

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Mutations
							P
							
							Ho

						
							
							HE

						
							Reported
							Unreported
							Locus
							Codon numbers
							Nucleotide changes
							Curated references
					

					
							
							8473

						
							
							+

						
							
							+

						
							
							-

						
							
							+

						
							
							-

						
							
							MT-ATP8

						
							
							36

						
							
							T-C 

						
							
							16

						
					

					
							
							8584

						
							
							+

						
							
							+

						
							
							-

						
							
							+

						
							
							-

						
							
							MT-ATP6

						
							
							20

						
							
							G-A 

						
							
							34

						
					

					
							
							8701

						
							
							+

						
							
							+

						
							
							-

						
							
							+

						
							
							-

						
							
							MT-ATP6

						
							
							59

						
							
							A-G 

						
							
							87

						
					

					
							
							8730

						
							
							+

						
							
							+

						
							
							-

						
							
							+

						
							
							-

						
							
							MT-ATP6

						
							
							68

						
							
							A-G 

						
							
							5

						
					

					
							
							8860

						
							
							+

						
							
							+

						
							
							-

						
							
							+

						
							
							-

						
							
							MT-ATP6

						
							
							112

						
							
							A-G 

						
							
							118

						
					

				
			

			

			 

			Table 3: The table below shows all polymorphisms found in this study, based on the data briefly obtained of p-value, chi-square test, and risk estimates. 

			
				
					
					
					
					
					
					
				
				
					
							 
							T 8473 C
							A8584G
							A 8701 G
							A8730G
							A 8860 G
					

					
							
							p value.

						
							
							004.

						
							
							004.

						
							
							469.

						
							
							004.

						
							
							-

						
					

					
							
							Chi- Square Tests

						
							
							8.333a

						
							
							8.333a

						
							
							.523a

						
							
							8.333a

						
							
							-

						
					

					
							
							Risk Estimate 

						
							
							920.

						
							
							920.

						
							
							704.

						
							
							920.

						
							
							-

						
					

				
			

			

			 

			Table 4: Information on normal population in this study

			
				
					
					
					
					
					
					
				
				
					
							Variations
							
							p value

						
							Ho
							He
							Reported
							Unreported
					

					
							
							A 8460 G

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							C 8461 T

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							T 8462 C

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							T 8503 C

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							A 8527 G

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							C 8562 T

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							 T 8594 C

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							T 8614 C

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							 A 8667 G

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							C 8676 T

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							 A 8679 G

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							 T 8763 C

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							A 8812 G

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							 A 8828 G

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							 G 8865 A

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							T 8867 C

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							 G 9053 A

						
							
							.316

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							A 8653 G,

						
							
							.155

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							T 8937 C

						
							
							.155

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							 G 8994 A

						
							
							.155

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							G 9055 A

						
							
							.155

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							C 8684 T     

						
							
							.024

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							G 8697 A

						
							
							.043

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							A 8701 G*     

						
							
							.469

						
							
							­_

						
							
							+

						
							
							+

						
							
							_

						
					

					
							
							A 8836 G

						
							
							.081

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

					
							
							A 8860 G*       

						
							
							_

						
							
							+

						
							
							_

						
							
							+

						
							
							_

						
					

				
			

			

			 

			ABI 3100 sequencing machine (Thermo Fisher Scientific, Waltham, MA, USA). All the amplicons were sequenced in both directions for the alterations of any mitochondrial ATPase 6,8 variations. It was used of FinchTV software to analyse the variants (PerkinElmer Inc., Waltham, MA, USA).

			 

			Statistical Analysis

			The statistical analysis was performed by SPSS 21.0 (for Windows) to attain the chi-square and the odds ratio for finding an association between ATPase 6,8 of the brain tumours and the DNAs of blood cells as a control. A P-value of <0.01 was considered statistically significant.

			 

			Results

			 

			In this study, the complete sequences of ATPase 6 and 8 genes of tumour tissues were analysed, and their association between mitochondrial ATPase 6 and 8 genes and the brain tumours was investigated. The 1079 band lane was observed on agarose gel after analysing the PCR products. The results indicated variations between tumour tissue and normal population in three variants in MT-ATP6 and MT-ATP8 (Figure 1).

			 

			Five polymorphisms related to patients with brain tumours were found. These polymorphisms were A8701G, G8584A, T8473C, A8730G, and A8860G. The alterations of these polymorphisms were shown briefly in Table 2.

			 

			An analysis of the results showed considerable association with the brain pathogenesis for the variations 8730, 8584 and 8473 (chi-square = 8.333, odds ratio = 0.920, P-value<0.05) (Table 3). These polymorphisms—found in two out of 25 patients—were seen in 8% of the patients. Also, they did not find one in the normal sample. The variation 8701 (chi-square=0.523, odds ratio 0.704, p-value>0.05) did not show a significant association with brain tumour pathogenesis. The variation 8860 was found in 100% of patients and most of the normal population (Figure 2). The results of the normal population in this research are demonstrated in Table 4. All variations in the normal population were homoplasmy except the A8701G variant.

			 

			[image: 136572.png] 

			Figure 1: Gel electrophoresis analysis of the mitochondrial ATPase 6 and 8 genes using 1% agarose gel. Notes: lane 1079 indicated the PCR product.

			 

			[image: 136800.png] 

			Figure 2: Page of the Finch TV software that demonstrate the A8860G variant, which is marked by red.

			 

			Discussion 

			 

			This study is the first report on the association between ATPase 6,8 genes of mitochondria and the brain tumours. We screened the mitochondrial ATPase 6,8 genes of patients with brain cancer and their susceptibility to ATPase 6,8 alterations. According to Mitomap (http://www.mitomap.org), there are more than 30 mutations and sequence variations in mtDNA associated with brain tumours in mitochondrial genome database that have been reported until now (Yusoff, 2015). The cancer cells, when compared with the healthy human cells, show avarice for glucose uptake from lactate manufacture to supply ATP, which Otto Warburg explained for the first time as maybe existing as an impaired or suppressed function of respiratory enzymes complexes (Lin et al., 2012). Thus, the mitochondria play a significant role in the production of energy for cancer cells in comparison with normal human cells. According to Carew and Huang’s studies, defects in mitochondria can affect many types of cancers and tumours (Carew and Huang, 2002). Based on Shidara et al. and Kirches’s researchers, ATPase 6 gene may increase the probability of cancer progression by aversion cell death pathway (Kirches, 2009, Lu et al., 2009).

			 

			ATPase 6,8 genes, the two genes of Complex V enzyme, play an essential role in the respiratory chain of mitochondria (Matsuyama et al., 1998), and have many other crucial roles, in both the normal human cells and cancer cells, such as colonic crypts cancer, breast cancer, thyroid tumour, ovarian cancer, etc. Many studies have indicated the relativity of the mitochondrial ATPase 6,8 and cancers such as ovarian, colon, and kidney and breast cancer (Ghaffarpour et al., 2014).

			 

			The results indicated variations between tumour tissue and healthy population in three variants in MT-ATP6 and MT-ATP8 (Figure 1). 

			 

			Based on the results, the odds ratios are less than 1 and illustrated a low risk of the pathogenesis of these variations. Primary studies for the variations 8473, 8584 and 8730 are explained by Tanaka (1994), Obayashi (1992) and Zhadanov, (2006) respectively. 8701 variant was first reported by Jun et al. (1994), which is probably associated with some diseases like optic neuropathy and dystonia  (Jun et al., 1994), Fragmentation of Human Heart Mitochondrial DNA Associated with Premature Ageing (Katsumata et al., 1994), respiratory dysfunction (Lertrit et al., 1994), hypertrophic cardiomyopathy (Obayashi et al., 1992), encephalomyopathies and Parkinson’s (Ozawa et al., 1991). The variant 8860 was observed in colorectal cancer (Taylor et al., 2003, Aikhionbare et al., 2004), ovarian cancer (Houshmand et al., 2011), breast cancer (Matsuyama et al., 1998, Zhu et al., 2005, Sawabe et al., 2011), human glioma cells (Kirches, 2009), osteosarcoma (Aikhionbare et al., 2007), and Leber’s hereditary optic neuropathy (DeHaan et al., 2004). With the P-value of 8860 variant was considered, it probably does not have any significant effect on brain tumour risk. Wei-Feng Wang first explained 8860 variant in 2013, which was also considered as being associated with irritable bowel syndrome with diarrhea (Wang et al., 2013).

			 

			8730, 8584 and 8473 are found only inpatient samples, but the 8860 and 8701 variants are found in both patient and healthy populations. The 8730, 8584 and 8473 are probably associated with brain tumour pathogenesis and more susceptive in comparison with other variants that were present only in tumour tissues. Thus, these are not somatic, and we could not say they have significant effects on brain tumour pathogenesis because this used blood for control instead of regular or healthy brain tissue. The 8860 and 8701 variations are not associated with brain tumour pathogenesis when considered with the top data. Our studies suggest that in patients with a brain tumour, ATPase 6 gene probably is more susceptive than ATPase 8 gene. 

			 

			We require more investigations into other genes of mitochondria regions and also other polymorphisms that are probably associated with brain tumour pathogenesis. The polymorphisms are multiform of DNA sequences, and there are many of them in eukaryotes genome. This multiform is approximately 10000 in number. There are several types of this multiform, such as SNPs, RFLPs, mini-satellite and micro-satellite sequences. Many functions of polymorphism were described, such as gene mapping, assay, and analysis of correlations, fingerprint experiments, and identifications. Thus, there are many reasons to work about polymorphisms, and we hope to investigate and discover many more pieces of astounding information on genes and the world of genetics.

			 

			Acknowledgments 

			 

			We would like to thank all patients and their families for helping us. Thanks also to the National Institute of Genetic Engineering and Biotechnology, Tehran, Iran, and Nour Danesh Institute of Higher Education, Isfahan, Iran, which supported us and cooperated with us to conduct this research.

			 

			Conflict of Interest

			 

			The authors have no conflict of interest to declare.

			 

			Authors Contribution

			 

			Hamed Hojatian and Massoud Houshmand conceived of the presented idea and supervised the project. They provided the samples. Hamed Hojatian and Soha Sadeghi reviewed the existing journals’ policy. Donya Altafi and Mahsa Aliqanbari helped oversee the project, and they had participated in study design. Soha Sadeghi, Donya Altafi and Hamed Hojatian performed the statistical analysis. Soha Sadeghi, Donya Altafi and Hamed Hojatian discussed the results and contributed to the writing of the final version of the manuscript. Hamed Hojatian and Donya Altafi carried out all experiments. All authors, participate in revising the article critically for important intellectual content. 

			 

			References

			 

			
					•	Ahari SE, Houshmand M, Kasraie S, Moin M, Bahar M, Panahi MSS, Ahangari G (2008). Point mutations on mitochondrial DNA in Iranian patients with friedreich’s ataxia. Iranian J. Child Neurol. 2: 41-45.

					•	Aikhionbare FO, Khan M, Carey D, Okoli J, Go R (2004). Is cumulative frequency of mitochondrial DNA variants a biomarker for colorectal tumor progression? Mole. Cancer. 3: 1. https://doi.org/10.1186/1476-4598-3-30

					•	Aikhionbare FO, Mehrabi S, Kumaresan K, Zavareh M, Olatinwo M, Odunsi K,  Partridge E (2007). Mitochondrial DNA sequence variants in epithelial ovarian tumor subtypes and stages. J. Carcino. 6: 1. https://doi.org/10.1186/1477-3163-6-1

					•	Brat DJ, Verhaak R, Aldape KD, Yung W, Salama SR, Cooper L, Rheinbay E, Miller CR, Vitucci M, Morozova O (2015). Comprehensive, integrative genomic analysis of diffuse lower-grade gliomas. New England J. Med. 372: 2481-2498 https://doi.org/10.1056/NEJMoa1402121.

					•	Carew JS, Huang P (2002). Mitochondrial defects in cancer. Mole. Cancer. 1: 1. https://doi.org/10.1186/1476-4598-1-9

					•	Chatterjee A, Mambo E, Sidransky D (2006). Mitochondrial DNA mutations in human cancer. Oncogene. 25: 4663-4674. https://doi.org/10.1038/sj.onc.1209604

					•	Cuezva JM, Krajewska M, De Heredia ML, Krajewski S, Santamaría G, Kim H, Zapata JM, Marusawa H, Chamorro M, Reed JC (2002). The bioenergetic signature of cancer a marker of tumor progression. Cancer Res. 62: 6674-6681.

					•	Dehaan C, Habibi-Nazhad B, Yan E, Salloum N, Parliament M, Allalunis-Turner J (2004). Mutation in mitochondrial complex I ND6 subunit is associated with defective response to hypoxia in human glioma cells. Mole. Cancer. 3: 1. https://doi.org/10.1186/1476-4598-3-1

					•	Friedman HS, Prados MD, Wen PY, Mikkelsen T, Schiff D, Abrey LE, Yung WA, Paleologos N, Nicholas MK, Jensen R (2009). Bevacizumab alone and in combination with irinotecan in recurrent glioblastoma. J. Clin. Oncol. 27: 4733-4740. https://doi.org/10.1200/JCO.2008.19.8721

					•	Ghaffarpour M, Mahdian R, Fereidooni F, Kamalidehghan B, Moazami N,  Houshmand M (2014). The mitochondrial ATPase6 gene is more susceptible to mutation than the ATPase8 gene in breast cancer patients. Cancer Cell Int. 14: 1. https://doi.org/10.1186/1475-2867-14-21

					•	Greaves LC, Beadle NE, Taylor GA, Commane D, Mathers JC, Khrapko K, Turnbull DM (2009). Quantification of mitochondrial DNA mutation load. Aging Cell. 8: 566-572 https://doi.org/10.1111/j.1474-9726.2009.00505.x.

					•	Hejzlarova K, Mracek T, Vrbacký M, Kaplanova V, Karbanova V, Nuskova H, Pecina P, Houstek J (2014). Nuclear genetic defects of mitochondrial ATP synthase. Physiol. Res. 63: S57.

					•	Houshmand M, Montazeri M, Kuchekian N, Noohi F, Nozar G, Zamani A (2011). Is 8860 variation a rare polymorphism or associated as a secondary effect in HCM disease. Arch. Med. Sci. 7: 242-426. https://doi.org/10.5114/aoms.2011.22074

					•	Jonckheere AI, Smeitink JA, Rodenburg RJ (2012). Mitochondrial ATP synthase: architecture, function and pathology. J. Inherit. Metabol. Dis. 35: 211-225. https://doi.org/10.1007/s10545-011-9382-9

					•	Jun A, Brown M, Wallace D (1994). A mitochondrial DNA mutation at np 14459 of the ND6 gene associated with maternally inherited Leber’s hereditary optic neuropathy and dystonia. Proc. Natl. Acad. Sci. USA. 91: 6206-6210. https://doi.org/10.1073/pnas.91.13.6206

					•	Katsumata K, Hayakawa M, Tanaka M, Sugiyama S, Ozawa T (1994). Fragmentation of human heart mitochondrial DNA associated with premature aging. Biochem. Biophys. Res. Commun. 202: 102-110. https://doi.org/10.1006/bbrc.1994.1899

					•	Kirches E (2009). Mitochondrial and nuclear genes of mitochondrial components in cancer. Curr. Genom. 10: 281-293. https://doi.org/10.2174/138920209788488517

					•	Kroemer G (2006). Mitochondria in cancer. Oncogene. 25: 4630-4632. https://doi.org/10.1002/cncr.21914

					•	Lertrit P, Kapsa RM, Jean-Francols MB, Thyagaraian D, Noer AS, Marzukil S, Byrne E (1994). Mitochondrial DNA polymorphism in disease: a possible contributor to respiratory dysfunction. Human Mole. Genet. 3: 1973-1981. https://doi.org/10.1093/hmg/3.11.1973

					•	Lin CS, Lee HT, Lee SY, Shen YA, Wang LS, Chen YJ, Wei YH (2012). High mitochondrial DNA copy number and bioenergetic function are associated with tumor invasion of esophageal squamous cell carcinoma cell lines. Int. J. Mole. Sci. 13: 11228-11246. https://doi.org/10.3390/ijms130911228

					•	Liu HL, Hua MY, Chen PY, Chu PC, Pan CH, Yang HW, Huang CY, Wang JJ, Yen TC, Wei KC (2010). Blood-Brain Barrier Disruption with Focused Ultrasound Enhances Delivery of Chemotherapeutic Drugs for Glioblastoma Treatment 1. Radiology. 255: 415-425. https://doi.org/10.1148/radiol.10090699

					•	Lu J, Sharma LK, Bai Y (2009). Implications of mitochondrial DNA mutations and mitochondrial dysfunction in tumorigenesis. Cell Res. 19: 802-815. https://doi.org/10.1038/cr.2009.69

					•	Matsuyama S, Xu Q, Velours J, Reed JC (1998). The mitochondrial F 0 F 1-ATPase proton pump is required for function of the proapoptotic protein Bax in yeast and mammalian cells. Mole. Cell. 1: 327-336. https://doi.org/10.1016/S1097-2765(00)80033-7

					•	Obayashi T, Hattori K, Sugiyama S, Tanaka M, Tanaka T, Itoyama S, Deguchi H, Kawamura K, Koga Y, Toshima H (1992). Point mutations in mitochondrial DNA in patients with hypertrophic cardiomyopathy. American Heart J. 124: 1263-1269. https://doi.org/10.1016/0002-8703(92)90410-W

					•	Ozawa T, Tanaka M, Ino H, Ohno K, Sano T, Wada Y, Yoneda M, Tanno Y, Miyatake T, Tanaka T (1991). Distinct clustering of point mutations in mitochondrial DNA among patients with mitochondrial encephalomyopathies and with Parkinson’s disease. Biochem. Biophys. Res. Commun. 176: 938-946. https://doi.org/10.1016/S0006-291X(05)80276-1

					•	Parrella P, Xiao Y, Fliss M, Sanchez-Cespedes M, Mazzarelli P, Rinaldi M, Nicol T, Gabrielson E, Cuomo C, Cohen D (2001). Detection of mitochondrial DNA mutations in primary breast cancer and fine-needle aspirates. Cancer Res. 61: 7623-7626.

					•	Raule N, Sevini F, Santoro A, Altilia S, Franceschi C (2007). Association studies on human mitochondrial DNA: methodological aspects and results in the most common age-related diseases. Mitochondrion. 7: 29-38. https://doi.org/10.1016/j.mito.2006.11.013

					•	Rich JN, Eyler CE (2008). Cancer stem cells in brain tumor biology.  Cold Spring Harbor symposia on quantitative biology. Cold Spring Harbor Laboratory Press. 411-420.

					•	Sawabe M, Tanaka M, Chida K, Arai T, Nishigaki Y, Fuku N, Naka Mieno M, Kuchiba A, Tanaka N (2011). Mitochondrial haplogroups A and M7a confer a genetic risk for coronary atherosclerosis in the Japanese elderly: an autopsy study of 1,536 patients. J. Atheroscler. Thromb. 18: 166-175. https://doi.org/10.5551/jat.6742

					•	Stupp R, Mason WP, Van Den Bent MJ, Weller M, Fisher B, Taphoorn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn U (2005). Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. New England J. Med. 352: 987-996. https://doi.org/10.1056/NEJMoa043330

					•	Tanaka M, Ozawa T (1994). Strand asymmetry in human mitochondrial DNA, mutations Genomics. 22 (2): 327-335

					•	Taylor RW, Barron MJ, Borthwick GM, Gospel A, Chinnery PF, Samuels DC, Taylor GA, Plusa SM, Needham SJ, Greaves LC (2003). Mitochondrial DNA mutations in human colonic crypt stem cells. J. Clin. Investig. 112: 1351-1360. https://doi.org/10.1172/JCI19435

					•	Vredenburgh JJ, Desjardins A, Herndon JE, Marcello J, Reardon DA, Quinn JA, Rich JN, Sathornsumetee S, Gururangan S, Sampson J (2007). Bevacizumab plus irinotecan in recurrent glioblastoma multiforme. J. Clin. Oncol. 25: 4722-4729. https://doi.org/10.1200/JCO.2007.12.2440

					•	Wang WF, Li X, Guo MZ, Chen JD, Yang YS, Peng LH, Wang YH, Zhang CY, Li HH (2013). Mitochondrial ATP 6 and 8 polymorphisms in irritable bowel syndrome with diarrhea. World J. Gastroen. 19: 3847-3853. https://doi.org/10.3748/wjg.v19.i24.3847

					•	Wen PY, Kesari S (2008). Malignant gliomas in adults. New England J. Med. 359: 492-507. https://doi.org/10.1056/NEJMra0708126

					•	Wong LJC (2013). Mitochondrial Disorders Caused by Nuclear Genes, Springer. https://doi.org/10.1007/978-1-4614-3722-2

					•	Yusoff AAM (2015). Role of mitochondrial DNA mutations in brain tumors: A mini-review. J. Cancer Res. Therap. 11: 535 https://doi.org/10.4103/0973-1482.161925.

					•	Zhadanov SI, Atamanov VV, Zhadanov NI, Schurr TG (2006). De novo COX2 mutation in a LHON family of Caucasian origin: implication for the role of mtDNA polymorphism in human pathology, J. Human Genet. 51 (3): 161-170.

					•	Zhu W, Qin W, Bradley P, Wessel A, Puckett CL, Sauter ER (2005). Mitochondrial DNA mutations in breast cancer tissue and in matched nipple aspirate fluid. Carcinogenesis. 26: 145-152. https://doi.org/10.1093/carcin/bgh282

			

		

	OEBPS/image/136800.png
eR00 we(DE8[& IF-l we

Gowtmata | uu—-—‘J
n(llllllllllllllll!lllIIL 'é‘k“

Teocca

T e o 8 L P RS T TP TTOLSRELANATT

@5t mtauwez 106 Lt A G A RS EIXE A
ety & craratosbotioTortmisteT et AT Chactcek o

# :
DIATe aymebase 0 108 EAE TV EH RS TRV

O M L3 FLPQETPTNL 1
oty @i mummmmmamnnnmmmmmmwm i

V s
1

e b
IATE synesase 10 128

O muwuve2 M8 S LLIQPEIALAY
o mmmmmmwcmw«mmnnm s

a s
IATE synezase 10 148






OEBPS/image/775.png
Journal of Infection and Molecular Biology

@ grossMﬂk

Mitochondrial ATPase 6,8 Associated with Brain Tumours in Patients
Compared to Adjacent Normal Brain Cells

OPENBACCESS

Research Article

Massoup HousHMAND!, SOHA SADEGHE, DONYA ALTAFI?, MAHsA ALIQANBART, HAMED HojATIAN®
, > > ,

!National Institutes for Genetic Engineering and Biotechnology, Tehran, Iran; 2Department of Cellular and Molec-
ular Biology, Nour Danesh Institute of Higher Education, Isfaban, Iran.

Abstract | Background: Brain cancer is considered one of the most prevalent types of cancer in the world. Primary
brain tumours consist of two types. Studies provide some deficiencies in mitochondrial functions that could cause
different genetic. Objective: This study aimed to determine the association of ATPase 6,8 alterations of brain tumour
cells in comparison with the adjacent healthy tissue cells. Methods: A group of patients was examined, and their dis-
ease was identified during precise examinations. These persons were sampled for their affected brain tissues, and these
were compared with their adjacent healthy cells. Besides, the populations of 300 healthy controls were selected as the
control. The DNA of the brain tumour cells was extracted and analysed using sequencing methods. Result: After the
sequence analysis, T8473C, G8584A, A8701G, A8730G and A8860G variants were found—all of them had been
reported in other diseases. Also, they were observed in patients with brain tumours, as compared with the adjacent
normal tissues. Discussion: The A8860G variant was one of the most prevalent polymorphisms between all these
alterations in brain cancer. It seems that the ATPase 6 subunit is more prone to brain cancer. The analysis shows that
amongst all the five variants determined in this research, the T8473C, G8584A and A8730G variants—with the p
value<0.05—were considered to affect brain tumours.
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INTRODUCTION

ccording to WHO, a primary brain tumour includes

160 types. The most common of these categories are
gliomas and medulloblastoma. Gliomas are known by his-
tological standards as consisting of the presence of mitoses,
cytoplasmic morphology or devious nuclear, glomeruloid
angiogenesis and necrosis. Based on the WHO class
cation system, gliomas can be categorized into four dif-
ferent grades with increasing malignancy apportion (Rich
and Eyler, 2008). Grade 4 (malignant glioblastoma mul-
tiform—GBM) is considered to have the highest inva-
siveness amongst all the grades. GBM can cause different
symptoms—for instance, necrosis, excessive vascular pro-
liferation, and rising expression angiogenic factors (Brat et
al., 2015, Friedman et al., 2009). The annual prevalence of

malignant glioblastoma is about 5 cases per 100,000 people
in the world. Also, more than 18,000 new cases are known
in the United States each year (Liu et al., 2010, Wen and
Kesari, 2008). Treatments of malignant glioblastoma in-
clude surgical resection and radiation therapy, with some
new studies in chemotherapy drugs, such as Temozolo-
mide, Bevacizumab, Irinotecan, etc. Based on recent stud-
ies, simultaneous use of these drugs with other treatments
is more effective when compared with radiation therapy
alone (Stupp et al., 2005, Vredenburgh et al., 2007). There
are many studies about the relevance of the connection be-
tween mtDNA and well-known diseases like cancers and
diabetes. So, mitochondrial genes could participate in can-
cers—for example, breast, colon and kidney cancers (Raule
etal.,, 2007).
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