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Abstract. 
Purpose. Mitochondrial DNA (mtDNA) mutations have been described in every adult neoplasm including prostate cancer. There are marked racial differences in mutations within the cytochrome c oxidase subunit 1 (COI) gene in individuals with prostate cancer (PCa).  The purpose of this study was to identify the variation in COI gene sequence in African and Caucasian Americans with prostate cancer. Methods. We sequenced the COI gene from peripheral blood in 482 prostate cancer patients and 189 controls.  All bases that differed from the revised Cambridge Reference Sequence (rCRS) were classified as either silent or missense and the compiled alterations were then compared between races and published reports. Results and Conclusions. We found inherited mtDNA COI missense variants in 8.8% of Caucasian prostate cancer patients (vs. 0.0% controls) and 72.8% of African-American prostate cancer patients (vs. 64.3% controls)  A total of 144 COI variants were identified, of which 30 were missense mutations.  Of 482 PCa patients, 116 (24.1%) had one or more missense mutations.  Further evaluation of this gene and these mutations may allow for the identification of genetically at-risk populations.  The high rate of COI mutations in African-Americans may account for some of the racial disparity observed in prostate cancer.
 

1. Introduction
Prostate cancer is the second most common cause of cancer death among men in the United States [1] with African American men 2.4 times more likely than Caucasian men to die from this disease, likely due to both genetic and environmental factors [2]. 
Mitochondria are found in all cells and are central to energy production, reactive oxygen species generation, and apoptosis, all altered in cancer. The mitochondrion is the site of cellular ATP production during the process of oxidative phosphorylation that involves the electron-transport chain (respiratory complexes I–IV) and the ATP synthase (complex V). The mitochondrion contains its own DNA (mtDNA), a 16.5 kb circular self-sufficient intron-free molecule that encodes two ribosomal RNAs (12S and 16S rRNAs), a complete complement of 22 transfer RNAs (tRNAs), and 13 polypeptides. mtDNA mutations have been found in breast, colorectal, ovarian, gastric, lung, pancreatic, brain, renal, thyroid, and many other solid tumors, including prostate [3]. MtDNA mutations have also been found in Lebers’ hereditary optic neuropathy, Leigh syndrome, diabetes, Alzheimer disease, and Parkinson’s disease [4]. 
MtDNA with its high copy number, is maternally transmitted, lacks recombination, and has a higher sequence evolution rate than the nuclear genome [5]. Consequently, human populations, from discrete maternal lineages, harbor unique sets of mtDNA single nucleotide polymorphisms (SNPs) that define particular genetic backgrounds referred to as haplogroups [6, 7]. SNPs in protein coding regions occur frequently in the human genome and can be classified as: missense (amino acid altering) or silent [8].
 A major challenge lies in determining whether observed mutations are pathogenic. Amino acid altering mutations may affect protein function or may be essentially neutral [9].
 Previously, we found that germline mutations in the mtDNA gene cytochrome c oxidase subunit 1 (COI) were associated with prostate cancer in Caucasian men [10]. We also reported that two mutations T6221C and T7389C were associated with PCa in African American men [11]. There are marked racial differences in specific inherited COI gene mutations linked to prostate cancer. We therefore sequenced COI genes in prostate cancer cases and controls and compared mutations between ethnic groups.
2. Materials and Methods
2.1. Subjects
Some of the study subjects were described previously [10, 11]. In addition, new patients were enrolled prior to radical prostatectomy and included in this paper. All experiments are covered by an Emory IRB approved protocol.
The “no-cancer” control group was subjects at least 50 years old found to be free of prostate cancer as previously described [10, 11]. Caucasian controls and a small proportion of African American controls had undergone prostate biopsy to document the absence of prostate cancer. African American controls were followed for approximately 5 years and found not to have developed prostate cancer.
2.2. Preparation of Genomic DNA/Polymerase Chain Reaction (PCR) Amplification
Samples from prostate cancer patients were selected from Emory’s tissue bank, and peripheral blood mononuclear cell DNA was extracted using Qiagen FlexiGene (Valencia, CA, USA). For amplification of the mitochondrial COI region 5904–7445, the following sets of primers were used: 5772F: 5′AGGTTTGAAGCTTCTTC3′; 6720R: 5′TACCTATGTATCCAAATGGT3′ and 6531F: 5′CTAACAGACCGCAACCTCAA3′; 7620R: 5′GCGTCTTGTAGACCTACTTG3′ (IDT, Coralville, IA, USA). Each PCR reaction was performed in 50 uL containing between 50–150 ng DNA, 0.2 mM each dNTP, 1.5 mM MgCl2, 0.15 mM each primer (Roche, Indianapolis, IN, USA), and 2.5 units of AmpliTaq Gold DNA Polymerase (Applied Biosystems, Foster City, CA, USA). The reaction conditions were: 95°C for 7 min, followed by 40 cycles of amplification at 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min. Double-stranded PCR products were visualized by ethidium bromide staining of agarose gels.
2.3. mtDNA COI Gene Sequencing
Sequencing was performed using BigDye Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) in 20 μL containing PCR product pretreated with ExoSAP-IT (USB, Cleveland, OH) and eight sequencing primers from IDT: (5772F, 6720R, 6531F, 7620R, (6080F: 5′TCTACAACGTTATCGTCACA3′), (6930F: 5′TGCAGTGCTCTGAGCCCTAG3′), (6340R: 5′CTAGGTGTAAGGAGATG3′), and (7150R: 5′GATTTACGCCGATGAATATG3′)). The templates were denatured at 96°C for 1 min, followed by 25 cycles of 96°C for 10 sec, 55°C for 5 sec, and 60°C for 4 min. Excess dye terminators were removed using Centri-Sep 96 plates (Princeton Separation, Adelphia, NJ, USA) and resuspended with 20 μL of Hi-Di Formamide (Applied Biosystems, Warrington, UK). Sequencing was performed using an Applied Biosystems PRISM 3100 Genetic Analyzer and analyzed by SEQSCAPE V2.1. All nucleotide substitutions were compared to the Cambridge Reference Sequence (rCRS).
2.4. Characterizing Pathogenicity of Mutations
2.4.1. Conservation Index (CI), Grantham Value (GV), and Allelic Index (AI)
Evolutionary conservation is a strong predictor of pathogenicity with amino acid substitutions at evolutionarily conserved positions more likely to be pathogenic than those at less conserved positions. We compared the amino acid sequence of the COI gene of 61 nonhuman mammalian species to determine the conservation index of the 30 missense mutations identified in this study [12]. The conservation index (CI) was calculated by determining the percentage of these 61 species for which the amino acid is the same as the wildtype human amino acid. The Grantham value (GV) was calculated in order to evaluate the difference in composition, polarity, and molecular volume of mutant and wildtype amino acids [13]. The frequency of each mutation was compared to the mutation’s frequency in various human populations such as the online mtDB database of 2,704 individuals [14]. We have defined the “allelic index” of any base substitution as the percentage of the 2,704 sequences in the mtDB with that mutation. If there are no reports in the database, then the allelic index is reported either as “unique” or having an allelic index of zero.
2.5. Classification of Pathogenicity Using Computer Algorithms
We used three programs to classify the pathogenicity of 30 missense mutations. (i) Polymorphism Phenotyping v2 (PolyPhen2) is software that uses eight sequence-based alignments and three structure-based criteria to predict the impact of amino acid substitutions on the structure and function of proteins using physical and evolutionary comparisons. A mutation is appraised as benign, possibly damaging, or probably damaging [15, 16]. (ii) Nonsynonymous single-nucleotide polymorphism Analyzer (nsSNP) is another tool that uses information contained in multiple sequence alignment and 3D protein structure to make predictions. The mutation is appraised as neutral, disease, or unknown (when lack of data prohibits prediction). nsSNP analyzer, incorporating the Sorting Intolerant From Tolerant (SIFT) server, calculates three types of information: (1) the structural environment of the SNP, including the solvent accessibility, environmental polarity, and secondary structure; (2) the normalized probability of the substitution in the multiple sequence alignment; (3) the similarity and dissimilarity between the original amino acid and mutated amino acid [17]. (iii) PMUT is a server devoted to the prediction of the pathological character of single amino acid substitution that works at two different levels: (1) it retrieves information from a database of mutational hotspots and (2) it analyzes SNPs. The method provides a reliability index ranging between 0 (low) and 9 (very reliable) [18].
3. Results
We analyzed complete mtDNA COI gene sequences in 482 prostate cancer patients, including 250 Caucasians and 232 African Americans. We have also sequenced 46 Caucasian and 143 African American “no-cancer” controls. We found a total of 192 inherited mtDNA COI missense variants in 8.8% of Caucasian prostate cancer patients (versus 0.0% controls) and 72.8% of African American prostate cancer patients (versus 64.3% in controls; Table 1). 
Table 1: Frequency of COI mutations in prostate cancer cases and controls.
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	Cancer	482	192	39.8	
	    CA	250	22	8.8	
	    AA	232	169	72.8	
	No cancer	189	92	48.7	0.109
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isher’s exact test values is represented in the right column, and frequencies were compared.
CA: Caucasian American Ancestry; AA: African American Ancestry.


A total of 144 COI sequence differences with respect to the rCRS were identified including 30 missense variants (Table 3). Fisher’s exact test was used to evaluate the association between the sum of COI missense mutations per prostate cancer patient versus the “no-cancer” control. A total of 116 patients exhibited at least one missense mutation in this gene at 30 distinct loci. Overall, when race was not considered, the mutation rate between cases and controls (
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) was similar; however, race-specific mutation rates did reveal a statistically significant difference in cases and controls in Caucasians (Table 1).
Twelve of the 30 missense mutations are highly conserved with a CI of at least 97%–100%: A5935G, G5949A, G5973A, G6081A, T6124C, G6261A, G6285A, A6663G, G6924T, G7041A, T7080C, and A7305C (Table 2). Conversely, the following mutations: C5911T, G5913A, A6040G, T6253C, C6340T, A6891G, A7083G, A7146G, C7147T, A7158G, T7354C, and T7389C changed nonconserved amino acids. A heteroplasmic mutation was found at position A6485A/G in one patient that is a synonymous mutation. 
Table 2: Missense mutations in Caucasian and African American cases and controls.
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	C5911T	A3V	5/61 = 8%	64	0.2	4	2.1	3	0.6
	G5913A	D4N	8/61 = 13%	23	0.4	0	0.0	1	0.2
	A5935G	N11S	61/61 = 100%	46	Unique	0	0.0	1	0.2
	G5949A	G16X	61/61 = 100%	—	Unique	0	0.0	1	0.2
	G5973A	A24T	60/61 = 98%	58	0.04	0	0.0	1	0.2
	A6040G	N46S	8/61 = 13%	46	0.1	0	0.0	1	0.2
	G6081A	A60T	60/61 = 98%	58	Unique	0	0.0	1	0.2
	T6124C	M74T	60/61 = 98%	81	Unique	0	0.0	1	0.2
	G6150A	V83I	58/61 = 95%	29	0.2	8	4.2	5	1.0
	T6253C	M117T	44/61 = 72%	81	0.9	7	3.7	7	1.5
	G6261A	A120T	61/61 = 100%	58	0.5	1	0.5	8	1.7
	G6267A	A122T	56/61 = 92%	58	0.1	0	0.0	2	0.4
	G6285A	V128I	61/61 = 100%	29	0.04	0	0.0	1	0.2
	C6340T	T146I	45/61 = 74%	89	0.1	0	0.0	2	0.4
	G6366A	V155I	42/61 = 69%	29	0.3	1	0.5	1	0.2
	G6480A	V193I	58/61 = 95%	29	0.1	0	0.0	3	0.6
	A6663G	I254V	59/61 = 97%	29	0.2	7	3.7	14	2.9
	A6891G	S330G	7/61 = 11%	56	0.04	0	0.0	1	0.2
	G6924T	A341S	61/61 = 100%	99	Unique	0	0.0	1	0.2
	G7041A	V380I	61/61 = 100%	29	0.04	0	0.0	1	0.2
	T7080C	F393L	60/61 = 98%	22	0.04	0	0.0	2	0.4
	A7083G	I395V	13/61 = 21%	29	0.04	0	0.0	1	0.2
	A7146G	T415A	15/61 = 25%	58	3.1	36	19.0	69	14.3
	C7147T	T415I⋯V*	15/61 = 25%	89⋯69*	Unique	0	0.0	2	0.4
	A7158G	I419V	9/61 = 15%	29	0.1	0	0.0	3	0.6
	A7299G	M466V	39/61 = 64%	21	0.07	1	0.5	0	0.0
	T7354C	M484T	11/61 = 18%	81	Unique	1	0.5	0	0.0
	A7305C	M468L	60/61 = 98%	95	Unique	0	0.0	1	0.2
	T7389C	Y496H	15/61 = 25%	83	2	25	13.2	57	11.8
	G7444A	X514K	—	—	0.4	1	0.5	1	0.2
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enotes double AA change because the patient also had a mutation at the previous AA position A7146G.


Table 3: Missense mutations’ computation methods and prediction of phenotypic effect.
	

	Nucleotide position	Amino acid	
                                    *PolyPhen	
                                    †nsSNP analyzer	
                                    ‡PMut	
                                    ‡PMut reliability
	

	C5911T	A3V	Benign	Neutral	Neutral	3
	G5913A	D4N	Benign	Neutral	Neutral	4
	A5935G	N11S	Probably damaging	Disease	Pathological	1
	G5949A	G16X	—	—	—	—
	G5973A	A24T	Benign	Neutral	Pathological	6
	A6040G	N46S	Benign	Neutral	Pathological	1
	G6081A	A60T	Benign	Neutral	Pathological	7 
	T6124C	M74T	Probably damaging	Disease	Pathological	9
	G6150A	V83I	Benign	Neutral	Neutral	5
	T6253C	M117T	Benign	Neutral	Pathological	7
	G6261A	A120T	Benign	Neutral	Pathological	7
	G6267A	A122T	Benign	Neutral	Pathological	5
	G6285A	V128I	Benign	Disease	Neutral	2
	C6340T	T146I	Benign	Disease	Pathological	9
	G6366A	V155I	Benign	Neutral	Neutral	4
	G6480A	V193I	Benign	Neutral	Neutral	3
	A6663G	I254V	Benign	Neutral	Neutral	7
	A6891G	S330G	Benign	Neutral	Neutral	6
	G6924T	A341S	Benign	Neutral	Pathological	1
	G7041A	V380I	Benign	Disease	Neutral	4
	T7080C	F393L	Benign	Disease	Pathological	6
	A7083G	I395V	—	—	—	—
	A7146G	T415A	Benign	Neutral	Neutral	3
	C7147T	T415I⋯V*	Benign	Neutral	Pathological	6
	A7158G	I419V	Benign	Neutral	Neutral	8
	A7299G	M466V	Benign	Neutral	Pathological	4
	T7354C	M484T	Benign	Neutral	Pathological	0
	A7305C	M468L	Benign	Neutral	Pathological	0
	T7389C	Y496H	Benign	Neutral	Neutral	5
	G7444A	X514K	—	—	—	—
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4. Discussion
We presented the first evidence in 2005 that inherited mutations in the mitochondrial COI gene predispose to prostate cancer in a predominantly Caucasian American population [10]. In 2009 we studied African Americans and also found inherited mutations in this gene [11]. In comparing these two groups, we found both interesting similarities and striking differences. The object of this paper is to provide a combined analysis of these findings along with an additional 89 new prostate cancer patients in order to better understand the variation in this gene and correlation with ethnicity in prostate cancer. Thus we now report the combined analysis that includes 482 cases and 189 controls for a total of 671 individuals that have had complete COI gene sequencing.
4.1. COI Missense Mutations Pathogenicity in Prostate Cancer
Amongst amino acid altering (missense) mutations (relative to Cambridge), one can begin to assess the likelihood that the substitution is biologically important by two main methods. The first is analysis of the degree to which the amino acid side chains differ in terms of chemical composition, polarity, and molecular volume. For the Grantham value (GV), lower numbers indicate a relatively mild chemical difference (thus less likely to be important biologically) and higher numbers indicate a relatively marked chemical difference (more likely to be biologically important; Table 2). The second (and more common) method of assessing the likely biologic importance of the amino acid substitution is to calculate the interspecies conservation index (CI). If all 61 nonhuman mammals have the wildtype amino acid, then the CI is 100 and the amino acid is highly conserved from an evolutionary perspective and highly likely to be pathogenic.
The next level of analysis is to compare the rate of that specific mutation in various populations including prostate cancer cases and controls or a comparison of prostate cancer cases to larger population databases of sequences. The online mtDB database contains 2,704 individual complete mitochondrial DNA sequences and is readily searched [14]. Because there is no clinical or disease information for these 2,704 individuals, some are men and some are women, and some of the men undoubtedly either had prostate cancer or would develop prostate cancer, this comparison differs fundamentally from a comparison of mutation frequency in cases and controls. The advantage to this population databases is that there are a large number of sequences (individuals) with which to compare mutation frequencies. The disadvantage is that there is no associated clinical information, specifically prostate cancer incidence.
We also compared the frequency of each mutation in cases and controls. Our data includes two distinct case-control comparisons. The first is the Caucasian American (CA) cases (
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). These controls were recruited from a prostate biopsy cohort and fulfilled the following criteria: they were men of at least 50 years of age that had a serum PSA less than 4 ng/mL and at least one set of negative prostate biopsies. The second case-control comparison is drawn from the Flint Men’s Health Study and is restricted to AAs. The cases were all pathologically verified, and the controls were AA men between the ages of 40 and 79 living in Genesee County, MI, USA that had serum PSA below 4.0 and a negative digital rectal exam (not biopsy). Added to this control group were 9 AA men from the biopsy-negative control group. The final numbers of AA cases and controls are therefore 232 and 143, respectively. 
Our findings were both race specific and race independent. If one compares the overall frequency of missense COI mutations in all prostate cancer cases (192/482 = 39.8%) to controls (92/189 = 48.7%), there is no statistically significant difference (
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). In CA cases, the mutation rate is 8.8% compared to 0% in CA controls (
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). In AA cases, the mutation rate is 72.8% compared to 64.3% in controls (
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). It is interesting to compare these rates of mutation to the large (clinically uncharacterized) databases. While the online mtDB database does not classify individuals as CA or AA, it does provide sequence data based on continental origin (Africa and Europe). The COI mutation rate for Europeans in this database is 79 out of 1196 for a rate of 6.6%. The mtDB database African COI mutation rate is 142 of 249 for a rate of 57% that is comparable to our (Genesee County Michigan) AA controls (at 64%). 
Sequencing of CA prostate cancer cases revealed several COI mutations that were only found in CA cases. These included missense mutations at nucleotide positions (n.p.) 6253 (3 times), 6261 (4 times), 6663 (twice), and 7080 (twice). The frequencies of these mutations in AA men were quite different, and each of these mutations was found in the controls. When both CA and AA men were considered together, the n.p. 6253 mutation was found in 7 cases and 7 controls, the n.p. 6261 mutation was found in 8 cases and 1 one control, the n.p. 6663 in 16 cases and 7 controls, and the n.p. 7080 in just 2 cases and no controls. In addition, mutations associated with African lineage were discordant in cases and controls with the 7146 mutation found in 69 cases and 36 controls and the 7389 mutation in 57 cases and 25 controls. Thus, some mutations that appeared to be only found in Caucasian prostate cancer cases were found in the African American control population. 
The CA controls had multiple negative prostate core biopsies while the AA controls were not biopsied but had only a negative digital rectal exam of the prostate. Examination alone is significantly less specific than biopsy, so there is a greater chance that undiagnosed cases entered the AA control population. 
 There are many mutations that were more common in cases than controls even in the combined group. These include inherited missense mutations at nucleotide positions 5913, 5953, 5949, 5973, 6040, 6081, 6124, 6267, 6285, 6340, 6891, 6924, 7041, 7080, 7083, 7158, and 7305 that were never observed in any control and 6261 that was seen in 8 cases compared to a single African American control, for a greater than threefold increased frequency in cases over controls for the combined group.
4.2. G6261A Mutation (Figure 1)





    
        
            
        
    


    
        
        
        
        
    


    
        
        
        
        
    


    
        
        
        
        
    


    
        
        
        
        
    


    
        
        
        
        
        
        
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
            
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
            
        
    


    
        
        
            
        
    


    
        
        
            
        
    


Figure 1: The mtDNA sequencing chromatogram shows the presence of the G→A mutation at  position 6261 in one patient compared to the revised Cambridge Reference Sequence (rCRs).  


 The G6261A mutation is unique with a conversation index of 100% and an allelic index of 0.5. This means that all 61 non-human mammalian species have the wildtype amino acid at this location and only 0.5% of the 2704 sequences in mtDB had this alteration. This was seen in a higher rate in both CA and AA cases than their respective control groups. This mutation therefore fulfills all of our criteria for being potentially important in the pathogenesis of prostate cancer. The G6261A has also been reported in bladder cancer patients [19]. 
In another study of specific human mtDNA clades and adaptation to different climates, the G6261A mutation was reported in one Asian and one European [20]. Still other studies have reported the G6261A mutation in the Leber hereditary optic neuropathy, diabetes mellitus type 2, hypertension, colorectal cancer, and Down’s syndrome [21–26]. G6261A was also found to be associated with haplogroups T2, L3Eb, R1, J, and H [21, 27–29].
4.2.1. Computer Algorithms Analysis
 We used Sift, PolyPhen2, nsSNP Analyzer, and PMut programs to analyze our 30 missense mutations and found that mutations C6340T and T7080C were both predicted as disease (nsSNP analyzer) and pathological (PMut) with a PMut reliability index of 9 and 6, respectively. These numbers are deemed as having a high level of confidence. G5973A, A6040G, G6081A, T6253C, G6261A, G6267A, G6924T, C7147T, A7299G, T7354C, and A7305C were all predicted as pathological by the PMut program with level of confidence ranging from 0 (low)–9 (high). (See Table 3.)
Overall, PolyPhen2 predicted only two mutations as “Probably Damaging”, (false positive rate of 20%). The nsSNP Analyzer predicted only five of the missense mutations as “Disease,” (false positive rate of 38%, false negative rate of 28%) [18].  The PMut program predicted fifteen of the missense mutations as “Pathological,” and it has a prediction success rate of 80% in humans [18]. Ultimately, the importance of these inherited COI missense mutations in the pathogenesis of prostate cancer cannot be fully determined by sequencing alone. The true biologic impact of these mutations must be determined in controlled functional experiments the laboratory, which is beyond the scope of this paper. 
5. Conclusions
Inherited missense mutations in the mitochondrially encoded COI gene are present in both Caucasian and African American prostate cancer patients, and to a lesser extent in controls. There are two missense mutations in this gene that occur with exceptionally high frequency in African Americans because they arose early in human evolution and have become “fixed” in a high proportion of the population. While pathogenicity cannot be assigned to those founder mutations, the 7389 mutation was significantly associated with disease. In a combined analysis of both Caucasians and African Americans, 20 of the 30 missense mutations occur only in men with cancer and are never found in 189 controls. Of these 20 mutations, 3 (A5935G, G5949A, and G6924T) have not been observed in 2,704 complete sequences in the mtDB database and have an interspecies (
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) conservation index of 100%. Amongst these 20 mutations, one (T6124C) is predicted by all three computer algorithms (PolyPhen, nsSNP, and PMut) to be pathological with PMut assigning the highest possible reliability score (9).
The G6261 (A120T) mutation was found in 8 cancer patients compared to a single control for a 3-fold increase in frequency in cases (1.7% versus 0.5%). Furthermore, this mutation is associated with prostate cancer in both ethnic groups, is found in only 0.5% of the online 2704 sequences, and also has 100% interspecies conservation.
Inherited COI gene missense mutations are significantly associated with prostate cancer in both Caucasians and African Americans. Some significant mutations appear to be race specific while others are race independent. Specific disease-associated mutations may warrant further study in the laboratory to determine possible mechanisms of disease association. It is possible that some of the racial disparity in prostate cancer may be due to inherited mitochondrial DNA mutations.
Abbreviations
	mtDNA:	Mitochondrial  DNA
	ROS:	Reactive oxygen species
	OXPHOS:	Oxidative phosphorylation
	SNPs:	Single  nucleotide  polymorphisms
	CA:	Caucasian American
	AA:	African American
	CI:	Conservation index
	GV:	Grantham value
	AI:	Allelic index
	rCRS:	Revised Cambridge Reference Sequence.

Funding
This work was supported by a Veterans Administration MERIT Award (J. A. Petros) and NIH Grant PO1CA98912 as well as the Evans County CARES fouondation and Mr. Larry C. Williams, The Breckenridge Group, Atlanta, GA, USA.
Disclosures
 No authors have any financial relationship with any commercial entities mentioned in this paper. 
Acknowledgments
 The authors wish to thank Dr. Fray F. Marshall for his significant effort to support this research both financially and with patient recruitment and materials. Dr. Kathleen A. Cooney, Anna M. Ray and Kimberly A. Zuhlke (University of Michigan) contributed African American cases and controls, without which this study would not have been possible.
References
	American Cancer Society (ACS). Cancer Facts and Figures, 2011, http://www.cancer.org/
	 American Cancer Society  (ACS), Cancer Facts & Figures for African Americans 2009–2001, American Cancer Society, Atlanta, Ga, USA, 2009, http://www.cancer.org/.
	A. Chatterjee, E. Mambo, and D. Sidransky, “Mitochondrial DNA mutations in human cancer,” Oncogene, vol. 25, no. 34, pp. 4663–4674, 2006.
	R. W. Taylor and D. M. Turnbull, “Mitochondrial DNA mutations in human disease,” Nature Reviews Genetics, vol. 6, no. 5, pp. 389–402, 2005.
	B. Pakendorf and M. Stoneking, “Mitochondrial DNA and human evolution,” Annual Review of Genomics and Human Genetics, vol. 6, pp. 165–183, 2005.
	A. Torroni, K. Huoponen, P. Francalacci et al., “Classification of european mtDNAs from an analysis of three European populations,” Genetics, vol. 144, no. 4, pp. 1835–1850, 1996.
	A. Torroni and D. C. Wallace, “Mitochondrial DNA variation in human populations and implications for detection of mitochondrial DNA mutations of pathological significance,” Journal of Bioenergetics and Biomembranes, vol. 26, no. 3, pp. 261–271, 1994.
	P. C. Ng and S. Henikoff, “Predicting the effects of amino acid substitutions on protein function,” Annual Review of Genomics and Human Genetics, vol. 7, pp. 61–80, 2006.
	Z. Wang and J. Moult, “SNPs, protein structure, and disease,” Human Mutation, vol. 17, no. 4, pp. 263–270, 2001.
	J. A. Petros, A. K. Baumann, E. Ruiz-Pesini et al., “MtDNA mutations increase tumorigenicity in prostate cancer,” Proceedings of the National Academy of Sciences of the United States of America, vol. 102, no. 3, pp. 719–724, 2005.
	A. M. Ray, K. A. Zuhlke, A. M. Levin, J. A. Douglas, K. A. Cooney, and J. A. Petros, “Sequence variation in the mitochondrial gene cytochrome c oxidase subunit I and prostate cancer in African American men,” Prostate, vol. 69, no. 9, pp. 956–960, 2009.
	M. Tanaka, T. Takeyasu, N. Fuku, G. Li-Jun, and M. Kurata, “Mitochondrial genome single nucleotide polymorphisms and their phenotypes in the Japanese,” Annals of the New York Academy of Sciences, vol. 1011, pp. 7–20, 2004.
	R. Grantham, “Amino acid difference formula to help explain protein evolution,” Science, vol. 185, no. 4154, pp. 862–864, 1974.
	M. Ingman and U. Gyllensten, “mtDB: human Mitochondrial Genome Database, a resource for population genetics and medical sciences,” Nucleic Acids Research, vol. 34, pp. D749–751, 2006.
	V. Ramensky, P. Bork, and S. Sunyaev, “Human non-synonymous SNPs: server and survey,” Nucleic Acids Research, vol. 30, no. 17, pp. 3894–3900, 2002.
	I. A. Adzhubei, S. Schmidt, L. Peshkin et al., “A method and server for predicting damaging missense mutations,” Nature Methods, vol. 7, no. 4, pp. 248–249, 2010.
	L. Bao, M. Zhou, and Y. Cui, “nsSNPAnalyzer: identifying disease-associated nonsynonymous single nucleotide polymorphisms,” Nucleic Acids Research, vol. 33, no. 2, pp. W480–W482, 2005.
	C. Ferrer-Costa, J. L. Gelpí, L. Zamakola, I. Parraga, X. de la Cruz, and M. Orozco, “PMUT: a web-based tool for the annotation of pathological mutations on proteins,” Bioinformatics, vol. 21, no. 14, pp. 3176–3178, 2005.
	M. S. Fliss, H. Usadel, O. L. Caballero et al., “Facile detection of mitochondrial DNA mutations in tumors and bodily fluids,” Science, vol. 287, no. 5460, pp. 2017–2019, 2000.
	T. Kivisild, P. Shen, D. P. Wall et al., “The role of selection in the evolution of human mitochondrial genomes,” Genetics, vol. 172, no. 1, pp. 373–387, 2006.
	N. Howell, C. Herrnstadt, C. Shults, and D. A. Mackey, “Low penetrance of the 14484 LHON mutation when it arises in a non-haplogroup J mtDNA background,” American Journal of Medical Genetics, vol. 119, no. 2, pp. 147–151, 2003.
	K. K. Abu-Amero and T. M. Bosley, “Mitochondrial abnormalities in patients with LHON-like optic neuropathies,” Investigative Ophthalmology and Visual Science, vol. 47, no. 10, pp. 4211–4220, 2006.
	K. Luangtrakool, Mitochondrial Genome and Diabetes Mellitus Type 2 in Thailand, Mahidol University, Salaya, Thailand, 2006.
	J. Yi, J. Pauline, M. Manolo, et al., “Mitochondrial DNA variants observed among Hypertensive Mayan people in Guatemala,” International Journal of Genetics and Molecular Biology, vol. 1, article 017, 2009.
	E. Webb, P. Broderick, I. Chandler et al., “Comprehensive analysis of common mitochondrial DNA variants and colorectal cancer risk,” British Journal of Cancer, vol. 99, no. 12, pp. 2088–2093, 2008.
	S. Arbuzova, “Mitochondrial DNA mutations in Down’s syndrome,” in II International Conference on Chromosome 21 and Medical Research on Down Syndrome, Barcelona, Spain, April 2001, http://www.riverbendds.org/index.htm?page=barcelonaspoken.html.
	C. Fraumene, E. M. S. Belle, L. Castrì et al., “High resolution analysis and phylogenetic network construction using complete mtDNA sequences in Sardinian genetic isolates,” Molecular Biology and Evolution, vol. 23, no. 11, pp. 2101–2111, 2006.
	Logan, I. mtDNA, 2010, http://www.ianlogan.co.uk/mtdna.htm
	E. L. Loogväli, U. Roostalu, B. A. Malyarchuk et al., “Disuniting uniformity: a pied cladistic canvas of mtDNA haplogroup H in Eurasia,” Molecular Biology and Evolution, vol. 21, no. 11, pp. 2012–2021, 2004.


OEBPS/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  





OEBPS/pageMap.xml
 
                                 
                                



OEBPS/Fonts/xits-italic.otf


OEBPS/Fonts/xits-bolditalic.otf


OEBPS/Fonts/xits-regular.otf


OEBPS/Fonts/xits-math.otf


