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obtaining a biological sample from the individual; extracting 
the mitochondrial DNA (mtDNA) from the sample: quanti 
fying the amount of mtDNA in the sample having a deletion 
in the nucleic acid sequence between residues 10743 and 
14125 of the mtDNA genome; and comparing the amount of 
mtDNA in the sample having the deletion to at least one 
known reference sample. 
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34 KB MITOCHONORAL DNA DELETON 
FOR USE IN THE DETECTION OF CANCER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S365 (c) as a continuation of U.S. patent application Ser. No. 
12/748,120 filed on Mar. 26, 2010 which application claims 
the benefit under 35 U.S.C. S 120 as a continuation-in-part of 
U.S. patent application Ser. No. 1 1/975,390 filed Oct. 18, 
2007 which is a continuation of PCT/CA2006/000652, filed 
Apr. 18, 2006 which application claims the benefit under 35 
U.S.C. S 119 (e) from U.S. Provisional Patent Application 
Nos. 60/672,016 filed Apr. 18, 2005, 60/721,522 filed Sep. 
29, 2005, and 60/789,872 filed Apr. 7, 2006. In addition, this 
application claims priority under 35 U.S.C. S365 (c) as a 
continuation of PCT application PCT/CA2007/001711, filed 
Sep. 26, 2007, published in English. The entire disclosures of 
these applications are incorporated by reference herein. 

REFERENCE TO SEQUENCE IDENTIFICATION 
LISTING 

0002 The present application includes a sequence identi 
fication listing in .txt format as follows: 
Filename: Sequence Listing re PCT International Patent 
Appl. No. 

0003. PCT CA2007 001711.txt 

Size: 26.8 KB 

Date Created: Mar. 22, 2010 
0004. This sequence identification listing is hereby 
expressly incorporated by reference in its entirety in the 
present application. 

FIELD OF THE INVENTION 

0005. This invention is related to the field of mitochondrial 
genomics. In particular it is related to a 3.4 kb deletion in the 
mitochondrial genome and its utility as an indicator of cancer. 

BACKGROUND OF THE INVENTION 

0006 Mitochondrial DNA (MtDNA) as a Diagnostic Tool 
0007 MtDNA sequence dynamics are important diagnos 

tic tools. Mutations in mtDNA are often preliminary indica 
tors of developing disease, often associated with nuclear 
mutations, and act as biomarkers specifically related to: dis 
ease, such as but not limited to, tissue damage and cancer 
from Smoking and exposure to second hand tobacco Smoke 
(Lee et al., 1998: Wei, 1998); longevity, based on accumula 
tion of mitochondrial genome mutations beginning around 20 
years of age and increasing thereafter (von Wurmb, 1998); 
metastatic disease caused by mutation or exposure to carcino 
gens, mutagens, ultraviolet radiation (Birch-Machin, 2000); 
osteoarthritis; cardiovascular, Alzheimer, Parkinson disease 
(Shoffneret al., 1993: Sherratt et al., 1997; Zhangetal, 1998); 
age associated hearing loss (Seidman et al., 1997); optic nerve 
degeneration and cardiac dysrhythmia (Brown et al., 1997: 
Wallace et al., 1988); chronic progressive external exophthal 
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moplegia (Taniike et al., 1992); atherosclerosis (Bogliolo et 
al., 1999); papillary thyroid carcinomas and thyroid tumours 
(Yeh et al., 2000); as well as others (e.g. Naviaux, 1997: 
Chinnery and Turnbull, 1999). 
0008 Mutations at specific sites of the mitochondrial 
genome can be associated with certain diseases. For example, 
mutations at positions 4216, 4217 and 4917 are associated 
with Leber's Hereditary Optic Neuropathy (LHON) (Mito 
chondrial Research Society; Huoponen (2001); Mito Map). A 
mutation at 15452 was found in 5/5 patients to be associated 
with ubiquinol cytochrome c reductase (complex III) defi 
ciency (Valnot et al. 1999). 
0009 Specifically, these mutations or alterations include 
point mutations (transitions, transversions), deletions (one 
base to thousands of bases), inversions, duplications, (one 
base to thousands of bases), recombinations and insertions 
(one base to thousands of bases). In addition, specific base 
pair alterations, deletions, or combinations thereofhave been 
found to be associated with early onset of prostate, skin, and 
lung cancer, as well as aging (e.g. Polyak et al., 1998), pre 
mature aging, exposure to carcinogens (Lee et al., 1998), etc. 
0010 Prostate Cancer 
0011 Prostate cancer is a frequently diagnosed solid 
tumour that most likely originates in the prostate epithelium 
(Huang et al. 1999). In 1997, nearly 10 million American men 
were screened for prostate specific antigen (PSA), the pres 
ence of which suggests prostate cancer (Woodwell, 1999). 
Indeed, this indicates an even higher number of men screened 
by an initial digital rectal exam (DRE). In the same year, 31 
million men had a DRE (Woodwell, 1999). Moreover, the 
annual number of newly diagnosed cases of prostate cancer in 
the United States is estimated at 179,000 (Landis et al., 1999). 
It is the second most commonly diagnosed cancer and second 
leading cause of cancer mortality in Canadian men. In 1997 
prostate cancer accounted for 19,800 of newly diagnosed 
cancers in Canadian men (28%) (National Cancer Institute of 
Canada). It is estimated that 30% to 40% of all men over the 
age offorty-nine (49) have some cancerous prostate cells, yet 
only 20% to 25% of these men have a clinically significant 
form of prostate cancer (SpringNet CE Connection, inter 
net, www.springnet.com/ce/803a.htm). Prostate cancer 
exhibits a wide variety of histological behaviour involving 
both endogenous and exogenous factors, i.e. socio-economic 
situations, diet, geography, hormonal imbalance, family his 
tory and genetic constitution (Konishietal. 1997; Haywardet 
al. 1998). Although certain mtDNA alterations have been 
previously associated with prostate cancer, the need exists for 
further markers for the detection of prostate cancer. 
0012. 3.4 Kb mtDNA Deletion and the Detection of Pros 
tate Cancer. 

0013. In the applicant’s pending PCT application bearing 
publication no. WO/06/111029 (the entire contents of which 
are incorporated herein by reference) a deletion of a 3379 bp 
segment of mtDNA was identified through full mitochondrial 
genome amplification of prostate tissue. The 3379 bp deletion 
(referred to as the 3.4 kb deletion) was determined to be 
located between nucleotides 10744-14124 of the mitochon 
drial genome. It was determined that the detection of this 
deletion could be used in the diagnosis of prostrate cancer 
when tissue samples are tested. 
0014. The 3.4 kb deletion removes all or part of the fol 
lowing genes from the mtDNA genome: (i) NADH dehydro 
genase subunit 4L, (ii) NADH dehydrogenase subunit 4, (iii) 
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NADH dehydrogenase subunit 5, (iv) tRNA histidine, (v) 
tRNA serine2, and (vi) tRNA leucine2. 
00.15 Breast Cancer 
0016 Breast cancer is a cancer of the glandular breast 
tissue and is the fifth most common cause of cancer death. In 
2005, breast cancer caused 502,000 deaths (7% of cancer 
deaths; almost 1% of all deaths) worldwide (World Health 
Organization Cancer Fact Sheet No. 297). Among women 
worldwide, breast cancer is the most common cancer and the 
most common cause of cancer death (World Health Organi 
zation Cancer Fact Sheet No. 297). Although certain mtDNA 
alterations have been previously associated with breast can 
cer, for example in Parrella et al. (Cancer Research: 61, 2001), 
the need exists for further markers for the detection of breast 
CaCC. 

BRIEF SUMMARY OF THE INVENTION 

0017. In one embodiment, the present invention provides a 
method of detecting a cancer in an individual comprising: 
0018 a) obtaining a biological sample from the indi 
vidual; 
0019 b) extracting mitochondrial DNA mtDNA, from the 
sample: 
0020 c) quantifying the amount of mtDNA in the sample 
having a deletion in the nucleic acid sequence spanning 
approximately residues 10744 and 14124 of the mtDNA 
genome; 
0021 d) comparing the amount of mtDNA in the sample 
having the deletion to at least one known reference value. 
0022. In one embodiment, the present invention provides a 
method of detecting a cancer in an individual comprising: 
0023 a) obtaining a biological sample from the indi 
vidual; 
0024 b) extracting mitochondrial DNA mtDNA, from the 
sample: 
0025 c) quantifying the amount of mtDNA in the sample 
having a deletion in the nucleic acid sequence spanning 
approximately residues 10744 and 14124 of the mtDNA 
genome; 
0026. d) comparing the amount of mtDNA in the sample 
having the deletion to the amount of the deletion in a refer 
ence sample of mtDNA from known non-cancerous tissue or 
body fluid; 
0027 wherein an elevated amount of the deletion in the 
biological sample compared to the reference sample is indica 
tive of cancer. 
0028. In one embodiment, the present invention provides a 
method of detecting a cancer in an individual comprising: 
0029 a) obtaining a biological sample from the indi 
vidual; 
0030 b) extracting mitochondrial DNA mtDNA, from the 
sample: 
0031 c) quantifying the amount of mtDNA in the sample 
having a deletion in the nucleic acid sequence spanning 
approximately residues 10744 and 14124 of the mtDNA 
genome; 
0032 d) comparing the amount of mtDNA in the sample 
having the deletion to the amount of the deletion in a refer 
ence sample of mtDNA from known cancerous tissue or body 
fluid; 
0033 wherein a similar level of the deletion in the biologi 
cal sample compared to the reference sample is indicative of 
CaCC. 
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0034. In one embodiment, the present invention provides a 
method of monitoring an individual for the development of a 
cancer comprising: 
0035) a) obtaining a biological sample: 
0036 b) extracting mtDNA from the sample: 
0037 c) quantifying the amount of mtDNA in the sample 
having a deletion in the nucleic acid sequence spanning 
approximately residues 10744 and 14124 of the mtDNA 
genome; 
0038 d) repeating steps a) to c) over a duration of time; 
0039 e) wherein an increasing level of the deletion over 
the duration of time is indicative of cancer. 
0040. In one embodiment, the present invention provides a 
method of detecting a cancer in an individual comprising: 
0041 a) obtaining a biological sample from the indi 
vidual; 
0042 b) extracting mitochondrial DNA mtDNA, from the 
sample: 
0043 c) quantifying the amount of mtDNA in the sample 
having a sequence corresponding to the sequence identified in 
SEQID NO: 1; 
0044 d) comparing the amount of mtDNA in the sample 
corresponding to SEQID NO: 1 to at least one known refer 
ence value. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0045 An embodiment of the invention will now be 
described by way of example only with reference to the 
appended drawings wherein: 
0046 FIG. 1 is a schematic diagram showing the design 
and sequence of a primer useful for the detection of the 3.4 kb 
deletion. The primer (SEQID NO: 2) binds to bases 10729 
10743/14125-14139 of the mtDNA genome, wherein the por 
tion of the primer that binds to bases 10729-10743 is depicted 
in gray in the upper left corner of the figure (nucleotides 1-15 
of SEQID NO: 2) and the portion of the primer that binds to 
bases 14125-14139 is depicted in white in the lower right 
corner of the figure (nucleotides 16-30 of SEQID NO: 2). 
0047 FIG. 2 is a graph showing a comparison of cycle 
threshold between malignant and symptomatic benign par 
ticipants in the 3.4 kb study. 
0048 FIG. 3 is a graph showing cycle threshold as related 
to Example 1. 
0049 FIG. 4 shows a ROC curve illustrating the specific 
ity and sensitivity of one embodiment of the present inven 
tion. 
0050 FIG. 5 shows a ROC curve illustrating the specific 
ity and sensitivity of another embodiment of the present 
invention. 
0051 FIG. 6 shows real-time PCR data relating to 3.4 kb 
mtDNA deletion levels associated with breast cancer. 
0052 FIG. 7 shows a ROC curve illustrating the specific 
ity and sensitivity of another embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0053 As used herein, "cycle threshold” (C) is the point at 
which target amplification using real-time PCR rises above 
background, as indicated by a signal Such as a fluorescence 
signal. The C is inversely related to the quantity of the 
sequence being investigated. 
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0054 As defined herein, “sensitivity” refers to the fraction 
of true positives (true positive rate) results obtained using the 
method of the present invention. 
0055 As defined herein, “specificity” refers to the fraction 
of false positives (false positive rate) results obtained using 
the method of the present invention. 
0056. In one embodiment of the present invention, meth 
ods are provided for monitoring and diagnosing cancer 
through the detection and quantification of the aforemen 
tioned 3.4 kb mtDNA deletion. For example, the present 
invention may be used for detecting the presence of pre 
neoplasia, neoplasia and progression towards potential 
malignancy of prostate cancer and breast cancer. In one 
aspect, the present invention involves the detection and quan 
tification of the 3.4 kb mtDNA deletion (SEQID NO:1) for 
the detection, diagnosis, and/or monitoring of cancer. In this 
method, mtDNA is extracted from a biological sample (for 
example body tissue, or body fluids such as urine, prostate 
massage fluid). The extracted mtDNA is then tested in order 
to determine the levels (ie. quantity) of the 3.4 kb deletion in 
the sample. In tests conducted by the present inventors, the 
levels of the deletion were found to be elevated in samples 
obtained from Subjects with cancer when compared to 
samples obtained from Subjects without cancer. Based on the 
information and data Supplied below, the inventors have con 
cluded that elevated levels of the 3.4 kb deletion in the 
mtDNA is indicative of cancer. 

0057. As disclosed in PCT WO/06/111029, the 3.4 kb 
deletion spans approximately nucleotides 10744 to 14124 of 
the mtDNA genome. The mtDNA genome is listed as SEQID 
NO:8 (Genbank accession no. AC 000021). The inventors 
have determined, as provided by example below, that this 
deletion is also associated with cancer and in particular pros 
tate and breast cancer. Therefore, such deletion provides an 
accurate biomarker and, therefore, a valuable tool for the 
detection, diagnosis, or monitoring of cancer in at least these 
tissues. 

0.058. The deletion results in the creation of two deletion 
monomers, one of 3.4 kb in size (Small Sublimon) and one of 
approximately 12.6 kb in size (large Sublimon). The occur 
rence of the deletion may be detected by either identifying the 
presence of the small sublimon, or by determining that the 3.4 
kb sequence has been deleted from the large Sublimon. 
0059. As discussed above, the deletion is approximately 
3379 bp, and comprises genes encoding NADH dehydroge 
nase subunit 4L, NADH dehydrogenase subunit 4, NADH 
dehydrogenase subunit 5, tRNA histidine, tRNAserine2, and 
tRNA leucine2. 

0060. In one embodiment, samples of, for example pros 
tate tissue, prostate massage fluid, urine or breast tissue, are 
obtained from an individual and tested over a period of time 
(eg. years) in order to monitor the genesis or progression of 
cancer. Increasing levels of the 3.4 kb deletion over time 
could be indicative of the beginning or progression of cancer. 
0061 Age related accumulation of the 3.4 kb mtDNA 
deletion may predispose an individual to, for example, pros 
tate cancer or breast cancer, which is prevalent in middle aged 
and older men, and middle aged and older women, respec 
tively. According to one aspect of the invention, a method is 
provided wherein regular cancer screening may take place by 
monitoring over time the amount of the 3.4 kb deletion in 
body tissues such as breast tissue or body fluids such as 
prostate massage fluid, or urine. 

Feb. 5, 2015 

0062. The system and method of the present invention 
may be used to detect cancer at an early stage, and before any 
histological abnormalities. For example, the system and 
method of the present invention may be used to detect pre 
neoplasia in breast tissue. 
0063. The following primer sequences are preferred for 
the detection of the 3.4 kb deletion: 

3.4 forward (binds to bases 10729-10743/14125 
14139 of the mtDNA genome) 

(SEQ ID NO: 2) 
5'-TAGACTACGTACATACTAACCCTACTCCTA-3' 

3.4 reverse (binds to bases 14361-14379 of the 
mtDNA genome) 

(SEQ ID NO : 3) 
5 - GAGGTAGGATTGGTGCTGT-3" . 

0064. In one embodiment of the present invention, a pair 
of amplification primers are used to amplify a target region 
indicative of the presence of the 3.4 kb deletion. In this 
embodiment, one of the pair of amplification primers over 
laps a spliced region of mtDNA after deletion of the 3.4 kb 
sequence has occurred (ie. a splice at a position spanning 
approximately residues 10744 and 14124 of the mtDNA 
genome). Therefore, extension of the overlapping primer can 
only occur if the 3.4 kb section is deleted. 
0065. In another embodiment of the present invention, a 
pair of amplification primers are used to amplify a target 
region associated with the deleted 3.4 kb sequence. The 
deleted 3.4 kb sequence, upon deletion, may reform as a 
circular mtDNA molecule. In this embodiment, one of the 
pair of amplification primers overlaps the rejoining site of the 
ends of the 3.4 kb sequence. Thus, an increase in the amount 
of the 3.4 kb molecule detected in a sample is indicative of 
cancer. The below primer pair is preferred for the detection of 
the deleted 3.4 kb nucleic acid. 

(SEO ID NO: 9) 
Forward 14115/10755 5'- CCCACTCATCACCTAAACCTAC-3' 

(SEQ ID NO: 10) 
Rewerse 1098OR 5 " - GGTAGGAGTCAGGTAGTTAG-3 '' . 

0066. In one aspect of the invention, a kit for diagnosing 
cancer, for example prostate or breast cancer, comprising 
means for extraction of mtDNA, primers having the nucleic 
acid sequences recited in SEQID NOS: 2 and 3, or SEQID 
NOS:9 and 10, reagents and instructions, is provided. 
0067. Another aspect of the invention provides methods 
for confirming or refuting the presence of a cancer biopsy test 
from a biopsy sample (eg. prostate or breast cancer), com 
prising: obtaining non-cancerous tissue from a biopsy 
sample; and detecting and quantifying the amount of the 3.4 
kb mtDNA deletion in the non-diseased tissue. 
0068. In one embodiment the present invention provides a 
method for screening individuals for prostate or breast cancer 
from a body fluid sample comprising; obtaining a body fluid 
sample, and detecting and quantifying the level of the 3.4 kb 
mtDNA deletion in the body fluid. 
0069. Although real-time quantitative PCR methods, as 
described in the examples below, represent the preferred 
means for detecting and quantifying the presence or absence 
of the 3.4 kb deletion, other methods that would be well 
knownto an individual of skill in theart could also be utilized. 
For example quantification of the deletion could be made 
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using Bio-Rad’s BioplexTM System and Suspension Array 
technology. Generally, the method requires amplification and 
quantification of sequences using any known methods. 
0070 The examples provided below illustrate that not 
only can this deletion be used for the detection of prostate 
cancer in prostate tissue, but can also be used to detect the 
presence of cancer in other biological samples, for example 
prostate massage fluid, urine, and breast tissue. Based on the 
findings in these examples, the 3.4 kb mtDNA deletion may 
be used as a biomarker for cancer. 
0071. The various examples provided illustrate a differ 
ence in the amount of mtDNA having the 3.4 kb deletion 
between samples obtained from Subjects having cancer, and 
subjects without cancer. The amount of the 3.4 kb deletion 
was found to be higher in the samples obtained from subjects 
having cancer. This determination was made by comparing 
the amount of the 3.4 kb deletion in the test samples with 
amounts from known cancer cells and/or known non-cancer 
cells. 

Example 1 

3.4 Kb Deletion in the mtDNA of Prostate Tissue 

0072 A deletion of approximately 3.4 kilobases (kb) was 
identified through full mitochondrial genome amplification 
of fresh frozen prostate tissue. Using linear regression, the 
size of the deletion was estimated to be between 3000 base 
pairs (bp) and 3500 bp. Two possible candidate deletions 
were identified using MitomapTM (Brandon, M. C., Lott, M. 
T. Nguyen, K. C., Spolim, S. Navathe, S. B., Baldi, P. & 
Wallace, D.C., MITOMAP: a human mitochondrial genome 
database 2004 update. Nucleic Acids Research 33 (Data 
base Issue):D611-613, 2005: www.mitomap.org), the 3397 
bp deletion at 9574-12972, and the 3379 bp deletion at 10744 
14124. In order to determine which of the two deletions was 
associated with prostate cancer, if either, a forward primer 
which bridged the deletion junction was developed for each 
of the two candidates, ensuring that the primer extended 
further than the repeat regions that flank the deletions. FIG. 1 
is a schematic diagram showing the design and sequence of 
the primer (ie. SEQID NO: 2). Positive amplification results 
for the amplicon corresponding to the 3379 bp deletion (re 
ferred to as the 3.4 kb deletion) at 10744-14124 were 
obtained. 
0073. As indicated above, the 3.4 kb deletion removes all 
or part of the following genes: (i) NADH dehydrogenase 
subunit 4L, (ii) NADH dehydrogenase subunit 4, (iii) NADH 
dehydrogenase subunit 5, (iv) tRNA histidine, (v) tRNA 
serine2, and (vi) tRNA leucine2. 
0074 The 3.4 kb deletion was determined to be present in 
91% of 33 fresh frozen prostate samples. With the specific 
deletion primers, formalin fixed tissues were tested in order 
increase the n value. 
0075. The present investigators sequenced entire mito 
chondrial genomes from 32 tissue samples microdissected by 
laser capture microdisection and 12 needle biopsies from 
histologically normal prostates. Archived tissue sections 
from each of these samples were used for the following study. 
1-2 serial sections were removed from each sample. DNA 
was extracted from each sample in its entirety rather than as a 
microdissection. Thus, each sample consisted of a mixture of 
glandular prostate tissue as well as Stromal prostate tissue. 
This extraction was performed using Qiagen's QIAampTM 
DNA Mini Kit (Cat #51304). Following extraction the 
samples were quantified using a Nano-DropTM spectropho 
tometer and the concentrations were Subsequently normal 
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ized to 2ngful. Each sample was amplified using 20 ng input 
DNA and an iQTM SYBR Green SupermixTM kit (Bio-Rad 
Laboratories Inc.) Reactions were run on an Opticon(R) 2 two 
colour real-time PCR system (MJ Research). 
0076. As shown in FIG. 2, a distinct difference was 
observed in cycle threshold and, by extension, quantity of the 
deletion between the malignant prostate samples and the 
symptomatic benign prostate samples. Malignant samples 
exhibited a consistently earlier cycle threshold than the 
benign samples. 

Example 2 

3.4 Kb Deletion Blinded Study Comparison of 
Cycle Threshold 

0077. An additional 21 prostate tissue samples were 
selected, 10 of which were benign and 11 of which were 
malignant. The pathological status was determined by needle 
biopsies conducted by a qualified pathologist. The samples 
were blinded such that the present investigators were unaware 
of their pathological status when they conducted this test. The 
present investigators were able to predict pathological status 
correctly in 81% of the cases by examining the cycle thresh 
old. Of the 4 incorrect calls, two were malignant samples that 
were determined to be benign and 2 were benign samples that 
were determined to be malignant. Follow-up clinical infor 
mation for the 2 individuals in the latter scenario was 
requested from the physician to determine if they had been 
diagnosed with prostate cancer Subsequent to the needle 
biopsy results used for this study. One of the individuals who 
originally produced a benign sample but was predicted by this 
study to have a malignancy Subsequently produced a malig 
nant sample. As a result, one of the false positives became a 
true positive. Therefore, pathological status was predicted 
correctly in 86% of the cases examined in this study. The 
ultimate positive predictive value (PPV, where PPV=true 
positives/(true positives+false positives)) for this study was 
91% and the negative predictive value (NPV, where 
NPV=true negatives/(true negatives+false negatives)) was 
80%. 

Example 3 

3.4 Kb Deletion Study Methods (n=76) 
0078. Seventy-six prostate tissue samples were examined 
for the 3.4 kb deletion in this study. All tissue samples were 
formalin-fixed, 25 being malignant, 12 being normal, and 39 
having benign prostatic disease as shown histologically. Of 
the latter group more then half had hyperplasia. All specimens 
were needle biopsies taken from the investigators’ tissue 
archives. 
(0079 Prostate Specimens 
0080 A tapelift was performed on each slide using Prep 
Strips (Catalogue Number LCMO207) from Arcturus Bio 
Science Inc. This allowed the removal of any particulate mat 
ter or non-adhering tissue from the slide prior to DNA 
extraction. With the tissue still on the slides, the slides were 
rinsed with PBS (Phosphate Buffered Saline Solution) to 
remove as much fixative as possible. The 1-2 needle biopsy 
sections on the slides were scraped into sterile microcentri 
fuge tubes using individually wrapped, sterilized Surgical 
razor blades. DNA was then isolated and purified using a 
QIAamp(RDNA Mini Kit (Qiagen, Cat. #51304) according to 
manufacturer's specifications. A negative extract control was 



US 2015/0037804 A1 

processed in parallel with the slide extractions as a quality 
control checkpoint. The total concentration of DNA and 
purity ratio for each sample was determined by spectropho 
tometry (Nano-DropTM ND-1000) and dilutions of 2 ng/ul 
were prepared for the purpose of Quantitative Polymerase 
Chain Reaction (qPCR). 
I0081 Primers (Oligonucleotides) 
0082 Purified oligonucleotide primers were chemically 
synthesized by Invitrogen (California, USA). The sequences 
of the primers and the expected sizes of the PCR products 
amplified are listed in Table 1. In addition, PCR analysis for 
mtDNA deletions included positive controls (DNA from a 
source known to carry the mutant mtDNA). Each primer set 
with the exception of TNF (tumor necrosis factor) were 
checked against a mitochondria-free rho 0 cell line to confirm 
the absence of pseudogene coamplification. 

TABLE 1. 

Amplification Primers. 

Length of 
amplified 

Position product 
Primer Amplified (base 
Pair s'-3' pairs) 

3.4 Deletion Real- 10729-14379 273 
Time (less 3379 bp 

at 10744-141.24) 

12s mtDNA 708-945 238 

TNF 3756-3886 131 

3.4 forward (10729-10743 – 14125 – 14139) 5 TAGACTACGTACATACTAAC 
CCTACTCCTA-3 SEC ID NO: 2 
3.4 reverse (14361-14379) 5 - GAGGTAGGATTGGTGCTGT-3 SEC ID NO : 
3 
12s forward (708–728) 5 - CGTTCCAGTGAGTTCA CCCTC-3 SEC ID NO: 
4. 
12s reverse (923–945) 5 - CACTCTTTACGCCGGCTTCTATT-3 SEC ID NO: 
5 
TNF forward (3756-3775) 5 – CCTGCCCCAATCCCTTTATT-3 SEC ID NO: 
8 
TNF reverse (3866–3886) 5 - GGTTTCGAAGTGGTGGTC TTG-3 SEC ID 
NO: f 

I0083) Real-Time Polymerase Chain Reaction 
0084. Three separate PCRs were performed on each 
sample. Each reaction was 25 Jul total Volume and included 
template DNA, one pair of primers (12s or 3.4 Deletion or 
TNF), an iQTM SYBR Green SupermixTM kit (Catalogue 
Number 170-8882, Bio-Rad Laboratories Inc.) and distilled 
deionized water (ddEIO). The TNF (tumor necrosis factor) 
comprised single copy nuclear gene primers, and 12s com 
prised total mitochondrial genome primers. The Volume and 
concentrations for template DNA, primers, and reaction 
buffer are listed below. 

TABLE 2 

qPCR Components. 

Concentration per Volume per 
Reagent Reaction Reaction 

Reaction Buffer 1X 12.5 ul 
Primer (forward 250 nM 0.0625 Jul of each 
and reverse) 100 umole stock 
ddH2O NA 2.375. Il 
Template DNA 20 ng 10.0 ul 

Total 25 ul 
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I0085. The cycling parameters for each amplicon are listed 
in Table 3. 

TABLE 3 

Cycling Parameters. 

Step Temperature (C.) Duration 

1 95 3 min 
2 95 30 sec 
3 66 (3.4 deletion primers) or 30 sec 

61.5 (12s primers) or 
61.5 (TNF primers) 

4 72 30 sec 
5 Plate Read 
6 72 10 min 
7 Melting Curve 50° C.-110° C. reading every 1° C. 3 sec 
Repeat steps 2-5, 44 times for a total of 45 cycles. 

I0086. Thermal cycling, real-time detection and analysis of 
the reactions was carried out using a DNA Engine Opticon(R) 
2 Continuous Fluorescence Detection System equipped with 
Intuitive Opticon MonitorTM software (MJ Research Inc.). 
The standard curve method was utilized for DNA quantifica 
tion. A set of serial dilutions (10°, 10, 10, 10, 10, 10') of 
three purified PCR generated templates, one product for the 
3.4 deletion, one for the 12s primers, and one for TNF. From 
this, three different standard curves were generated showing 
the number of copies of total mtDNA (12s amplicon-total 
mitochondrial genome primers), the amount of mtDNA hav 
ing the 3.4 kb deletion, or total nuclear DNA (TNF-single 
copy nuclear gene primers). The C values of the samples 
were then converted to the number of DNA copies by com 
paring the sample C to that of the standards. The 3.4 deletion 
was considered to be absent or at low levels if the deletion was 
not detected within 37 cycles. 
I0087. The determination of malignancy is based upon the 
quantity of the 3.4 kb deletion present in the normalized 
sample as indicated by the location of the cycle threshold. 
This location may be either absolute, as in greater than 25 
cycles but less than 35 cycles, or more likely a ratio between 
the total mitochondrial DNA present as indicated by the 12s 
amplicon, and the 3.4 kb deletion. This may be expressed as 
a per cent of the total mitochondrial DNA. The number of 
cells, as represented by the TNF amplicon, may be incorpo 
rated to refine the distinction between benign and malignant 
tissues. 
I0088. In order to automate the analyses of these samples, 
bioinformatics tools were employed. The three variables that 
were considered for these analyses were the cycle threshold 
C of Tumour Necrosis Factor (TNF), total pecies of mito 
chondria that contain those specific primer sites, and those 
mitochondria that harbour the deletion of interest. 
I0089 Cluster Analysis 
0090 The clustering was not normalized nor were loga 
rithmic functions used due to the similar and Small range of 
data. 
0091 FIG.3 shows the actual movement and trends of the 
data. The X-axis is the patient number and the y-axis is the 
cycle threshold obtained from real time PCR. 
0092. It is important to note that the higher the cycle 
threshold is, the lower amount of the deletion is present. 
0093. The general trend shown in FIG.3 is based upon the 
differences/ratios between the variables of Deletion, Total, 
and TNF. The deletion is low to absent for the benign/normal 
samples (right side) and increases (toward the left) with 
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abnormal benign and malignant samples. The abnormal 
benign and malignant samples begin to differentiate them 
selves from each other based on the cycle threshold ratio of 
Deletion to TNF. 
0094 Supervised Learning 
0095 Supervised learning is based on the system trying to 
predict outcomes for known samples. Half of the data was 
used to train and the other half to test the algorithm. Super 
vised learning compares its predictions to the target answer 
and “learns” from its mistakes. But, if the predicted output is 
higher or lower than the actual outcome in the data, the error 
is propagated back through the system and the weights are 
adjusted accordingly. 
0.096 Data SET: 5% to 35% Benign 
0097 35% to 65%. Hyperplasia 
(0098 65% to 95% Malignant 

0099 Artificial Neural Network (ANN) Algorithm 
(shown schematically below): 

0100 Half of Data set used for Training ANN 
0101. Other half used to compare the 
accuracy Accuracy Compare expected data set with 
obtained data set-s86.6% 

Artifical Neural Network algorithm 

Training using 
half of data set 

Neural Network 
Input Connections or Output 

weights between 
leOS 

Adjust weights 
for all neurons 

0102 Supervised Learning of Deletion Data using Artifi 
cial Neural Network (ANN) 
(0103. Three Classifications: 

0104 Benign 
0105 Hyperplasia 
0106 Malignant 

0107 Three variables for each classification were used 
based on RealTime PCR Cycle Threshold C: 
0108 Tumour Necrosis Factor (TNF) Nuclear copy 
control. 
0109 Total Mitochondria Mitochondria copy control 
0110 Deletion—Mitochondria in the deleted state. 
0111 Results: 
0112 Half of data set is used to train the ANN, and the 
remaining half is used to compare the accuracy. 
0113. Three Classification Accuracy=86.6% 
0114 Positive Predictive Value (PPV): 
0115 Benign to Malignant-88.2% 
0116. Negative Predictive Value (NPV) 
0117 Benign to Malignant=76.5% 

Example 4 

3.4 Kb Deletion in mtDNA Associated with Breast 
Cancer 

0118 18 samples were tested from malignant and benign 
breast tissue, 9 being malignant and 9 being benign, for the 
presence of the aforementioned 3.4 kb deletion. Samples 
were classified as either malignant or benign using conven 
tional histopathological analysis. 
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0119 DNA was isolated and purified from the samples 
using a QIAamp DNA Mini Kit (Qiagen, Cat. #51304) 
according to manufacturer's specifications. 
I0120 Purified oligonucleotide primers were chemically 
synthesized by Invitrogen (California, USA). The sequences 
of the primers and the expected sizes of the PCR products 
amplified are listed in Table 1 above. 
I0121 Real-Time Polymerase Chain Reaction 
0.122 Three separate PCRs were performed on each 
sample. Each reaction was 25 Jul total Volume and included 
template DNA, one pair of primers (12s or 3.4 Deletion or 
TNF), an iQTMSYBR Green Supermix kit (Catalogue Num 
ber 170-8882, Bio-Rad Laboratories Inc.) and distilled deion 
ized water (ddHO). The TNF (tumor necrosis factor) com 
prised single copy nuclear gene primers, and 12s comprised 
total mitochondrial genome primers. The Volume and con 
centrations for template DNA, primers, and reaction buffer 
are listed below: 

TABLE 4 

qPCR Components. 

Concentration per Volume per 
Reagent Reaction Reaction 

Reaction Buffer 1X 12.5 ul 
Primer (forward 250 nM 0.0625 Jul of each 
and reverse) 100 Imole stock 
did H2O NA 2.375. Il 
Template DNA 20 ng 10.0 ul 

Total 25 ul 

I0123. The cycling parameters for each amplicon are listed 
in Table 5. 

TABLE 5 

Cycling Parameters. 

Step Temperature (C.) Duration 

1 95 3 min 
2 95 30 sec 
3 66 (3.4 deletion primers) or 30 sec 

61.5 (12s primers) or 
61.5 (TNF primers) 

4 72 30 sec 
5 Plate Read 
6 72 10 min 
7 Melting Curve 50° C.-110° C. reading every 1° C. 3 sec 
Repeat steps 2-5, 44 times for a total of 45 cycles. 

0.124. Thermal cycling, real-time detection and analysis of 
the reactions was carried out using a DNA Engine Opticon(R) 
2 Continuous Fluorescence Detection System equipped with 
Intuitive Opticon MonitorTM software (MJ Research Inc.). 
The standard curve method was utilized for DNA quantifica 
tion. A set of serial dilutions (10°, 10, 10, 10, 10, 10') of 
three purified PCR generated templates were performed, one 
product for the 3.4 deletion, one for the 12s primers, and one 
for TNF. From this, three different standard curves were 
generated showing the number of copies of total mtDNA (12s 
amplicon-total mitochondrial genome primers), 3.4 deletion 
or total nuclear DNA (TNF-single copy nuclear gene prim 
ers). The C values of the samples were then converted to the 
number of DNA copies by comparing the sample C to that of 
the standards. 
0.125. The determination of malignancy was based upon 
the quantity of the 3.4 kb deletion present in the normalized 
sample as indicated by the location of the cycle threshold. 
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This location may be either absolute, as in greater than 25 
cycles but less than 30 cycles, or more likely a ratio between 
the total mitochondrial DNA present as indicated by the 12s 
amplicon, and the 3.4 kb deletion. This may be expressed as 
a percent of the total mitochondrial DNA. 
0126. In order to automate the analyses of these samples, 
bioinformatics tools were employed. The three variables that 
were considered for these analyses were the cycle threshold 
C of Tumour Necrosis Factor (TNF), total species of mito 
chondria that contain those specific primer sites, and those 
mitochondria that harbour the deletion of interest. 
0127 Table 6 and FIG. 7 show the difference in the mean 
C, scores for samples from malignant tissue and benign tis 
sue. The mean C. value for normal tissue was 30.5889, while 
the mean C. for malignant tissue was 27.8533 thereby illus 
trating a difference in the quantity of mtDNA having the 3.4 
kb deletion in malignant breast tissue compared to normal 
breast tissue. 

TABLE 6 

Mean values for CT-scores 
Group Statistics 

Std. Std. 
GRP N Mean Deviation Error Mean 

del3.4 normal 9 30.5889 2.53897 84632 
malignant 9 27.8533 2.52253 84084 

0128 FIG. 8 is an ROC curve illustrating the specificity 
and sensitivity of the 3.4 kb mtDNA deletion as a marker for 
breast cancer when testing breast tissue. These results were 
obtained using a cutoff C of 29.1900. The sensitivity of the 
marker at this C was 77.8%, while the specificity was 77.8%. 
0129. Table 7 shows the calculation of the area under the 
curve for the present example. As a measure of the accuracy 
of the test. 

TABLE 7 

Results Showing Area. Under the Curve 
Area. Under the Curve 

Test Result Variable(s): del3.4 

Asymptotic 95% 
Std. Asymptotic Confidence Interval 

Area Error Sig. Lower Bound Upper Bound 

790 112 O38 570 1.010 

Under the nonparametric assumption 
Null hypothesis: true area = 0.5 

0130. The determination of the cutoff C of 29.1900 is 
shown in table 8 below. The results listed in table 8 show that 
a cutoff C of 29.1900 provided the highest sensitivity and 
specificity at 78% and 78% respectively. 

TABLE 8 

Determination of C cutoff. 
Coordinates of the Curve 

Test Result Variable(s): del3.4 

Positive if 
Less Than 

or Equal To Sensitivity 1 - Specificity 

24.6OOO OOO OOO 
25.6800 ..111 OOO 
25.7700 222 OOO 

Feb. 5, 2015 

TABLE 8-continued 

Determination of C cutoff. 
Coordinates of the Curve 

Test Result Variable(s): del3.4 

Positive if 
Less Than 

or Equal To Sensitivity 1 - Specificity 

25.925O .333 OOO 
26.2OSO .444 OOO 
26.84OO .556 OOO 
27.4800 .556 ..111 
28.1600 .556 222 
28.88OO 667 222 
29.1900 778 222 
29.46OO 778 .333 
29.8750 778 .444 
30.5850 778 .556 
31.2200 778 667 
31. SOOO .889 667 
31.76SO .889 778 
32.9900 1.OOO 778 
34.3350 1.OOO .889 
35.6400 1.OOO 1.OOO 

The smallest cutoff value is the minimum observed test value minus 1, and the largest cutoff 
value is the maximum observed test value plus 1. All the other cutoff values are the averages 
of two consecutive ordered observed test values. 

Example 5 

The 3.4 Kb Deletion in the Prostate Massage Fluid 
of Individuals with Prostate Cancer as Compared to 
the Fluid from Those without Histological Evidence 

of Prostate Cancer 

I0131 Forty prostate massage fluid samples were collected 
by urologists from patients who were either Subsequently 
diagnosed with prostate cancer or showed no histological 
evidence of prostate cancer following a prostate needle 
biopsy procedure. The sample was deposited on a IsoCode 
CardTM (Schleicher & Shuell), dried, and then extracted 
according to the manufacturer's protocol. All DNA extracts 
were quantified using a NanoDropTMND-1000 Spectropho 
tometer and the DNA concentration normalized to 2 ng/ul. 
Each sample was then amplified according to the following 
parameters: 

1X iQ SYBR Green Supermix " (Bio-Rad P/N 170-8880) 
150 nmol forward primer 

(SEQ ID NO: 2) 
(5'-TAGACTACGTACATACTAACCCTACTCCTA-3") . 

150 nmol reverse primer 
(SEQ ID NO : 3) 

(5'-GAGGTAGGATTGGTGCTGT-3') 

2O ng template DNA 
in a 25 ul reaction. 

(0132 Reactions were cycled on an OpticonTM 2 DNA 
Engine (Bio-Rad Canada) according to the following proto 
col: 

0.133 1.95° C. for 3 minutes 
0.134 2.95° C. for 30 seconds 
0135 3.. 66° C. for 30 seconds 
0.136 4. 72° C. for 30 seconds 
0137) 5. Plate Read 
0.138 6. Repeat steps 2-544 times 
0139 7.72° C. for 10 minutes 
0140) 8. Melting Curve from 50° C. to 105° C., read 
every 1° C., hold for 3 seconds 

0141 9. 10° C. Hold 
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TABLE 9 

Results showing the mean C. Values for Prostate Massage Fluid Test 
Group Statistics 

Std. Std. 
Group N Mean Deviation Error Mean 

DEL34 benign 25 37.1869 3.1849S 63699 
malignant 15 33.7712 3.98056 1.02778 

0142 Tables 9 and 10 show a significant difference 
between the mean C. values obtained for the benign sample 
and the malignant sample groups (p=0.005). 

TABLE 10 
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TABLE 12-continued 

Determination of Specificity and Sensitivity 
Coordinates of the Curve 

Test Result Variable(s): DEL34 

Positive if 
Less Than 

or Equal To Sensitivity 1-Specificity 

28.2484 133 OOO 
29.51.93 2OO OOO 
30.1757 2OO O40 
30.458O 2OO O8O 

Results Showing Difference (p = 0.005) for C values of samples. 
Independent Samples Test 

t-test for Equality of Means 

Levere's Test for 95% Confidence Interval 
Equality of Variances Sig. Mean Std. Error of the Difference 

F Sig. t f (2-tailed) Difference Difference Lower Upper 

DEL34 Equal variances 1.251 270 2989 38 OOS 341570 114283 1.10217 5.72923 
assumed 
Equal variances 282S 24.696 O09 341570 1.20917 923.82 5.90758 
not assumed 

0143 FIG.5 is a Receiver Operating Characteristic (ROC) 
curve illustrating the specificity and sensitivity of the 3.4 kb 
mtDNA deletion as a marker for prostate cancer when testing 
prostate massage fluid. These results were obtained using a 
cutoff C of 37.3683. The sensitivity of the marker at this C. 
is 87%, while the specificity is 64%. 

TABLE 12-continued 

Determination of Specificity and Sensitivity 
Coordinates of the Curve 

Test Result Variable(s): DEL34 

Positive if 
0144. The accuracy of the test depends on how well the Less Than 

test separates the group being tested into those with and or Equal To Sensitivity 1-Specificity 
without the prostate cancer. Accuracy is measured by the area 30.598O .267 O8O 
under the ROC curve. Table 11 shows the calculation of the 31.5709 333 O8O 
area under the curve for the present example. 32.5712 333 120 

32.9SOO .333 160 
TABLE 11 33.3314 400 160 

33.6547 467 160 

Results Showing Area. Under the ROC Curve 33.9247 533 160 
Area. Under the Curve 34.3554 533 2OO 

Test Result Variable(s): DEL3.4 34.9056 533 240 
35.46SO 533 28O 

Asymptotic 95% 35.9172 533 320 
Std. Asymptotic Confidence Interval 36.0648 600 320 

36.3616 667 320 

Area Error Sig. Lower Bound Upper Bound 36.6421 733 320 
36.8531 733 360 

768 O74 OOS 622 914 37.1.188 800 360 
37.3683 867 360 

“Under the nonparametric assumption 37.5200 867 400 
Null hypothesis: true area = 0.5 37.8341 867 .440 

38.2533 867 480 
38.5198 .933 480 

TABLE 12 38.6519 .933 S2O 
38.8552 .933 S60 

Determination of Specificity and Sensitivity 39.1258 .933 6OO 
Coordinates of the Curve 39.2734 .933 640 

Test Result Variable(s): DEL3.4 39.4952 .933 660 

Positive if 39.7323 1.OOO 68O 
OStive 1 39.8956 1.OOO .720 

Less Than 41.OOOO 1.OOO 1.OOO 
or Equal To Sensitivity 1-Specificity 

The smallest cutoffvalue is the minimum observed test value -1, and the largest cutoffvalue 
26.2992 OOO OOO is the maximum observed test value plus 1. All the other cutoff values are the average of two 
27.3786 O67 OOO consecutive ordered, observed test values, 
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(0145 The determination of the cutoff C of 37.3683 is 
shown in table 12 above. The results listed in table 12 illus 
trate that a cutoff C of 37.3683 provided the highest sensi 
tivity and specificity. 

Example 6 

The 3.4 Kb Deletion in the Urine of Individuals with 
Prostate Cancer as Compared to the Fluid from 
Those without Histological Evidence of Prostate 

Cancer 

0146 Urine samples were collected from 5 patients who 
were diagnosed with prostate cancer and 5 who have had a 
needle biopsy procedure which was unable to detect prostate 
malignancy. These samples were collected following a digital 
rectal exam (DRE) to facilitate the collection of prostate cells. 
0147 Upon receipt of the samples a 5 ml aliquot was 
removed and then 2 mls were centrifuged at 14,000xg to form 
a pellet. The supernatant was removed and discarded. Pellets 
were resuspended in 200 ul phosphate buffered saline solu 
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0156 7. 72° C. for 10 minutes 
(O157 8. Melting Curve from 50° C. to 105°C., read every 
1° C., hold for 3 seconds 
0158 9. 10° C. Hold 

TABLE 13 

Mean values for CT-scores 
Group Statistics 

Std. Std. 
GRPflic38 N Mean Deviation Error Mean 

CTf Benign 5 33.2780 1.10900 49596 
Malignant 5 30.698O 2.55767 1.14382 

0159 Tables 13 and 14 show a significant difference 
between the mean C. values obtained for benign sample and 
the malignant sample groups (p=0.005). 

TABLE 1.4 

Results Showing Difference (p = 0.005) for C values of samples. 
Independent Samples Test 

t-test for Equality of Means 

Levere's Test for 
Equality of Variances 

F Sig. 

CTf Equal variances 1.272 292 
assumed 
Equal variances 
not assumed 

tion. Both the resuspended pellet and the whole urine sample 
were subjected to a DNA extraction procedure using the 
QiaAMPTM DNA Mini Kit (Qiagen P/N 51304) according to 
the manufacturer's directions. The resulting DNA extracts 
were then quantified using a NanoDropTMND-1000 Spectro 
photometer and normalized to a concentration of 0.1 ngful. 
0148 Samples were analyzed by quantitative real-time 
PCR with the 3.4 kb deletion specific primers according to the 
following: 

T 1X iQ SYBR Green Supermix 
(Bio-Rad PAN 17O - 888 O) 
100 nmol forward primer 

(SEQ ID NO: 2) 
(5'-TAGACTACGTACATACTAACCCTACTCCTA-3' 

100 nmol reverse primer 
(SEQ ID NO : 3) 

(5'-GAGGTAGGATTGGTGCTGT-3' 

1 ng template DNA 
in a 25 ul reaction. 

0149 Reactions were cycled on an OpticonTM 2 DNA 
Engine (Bio-Rad Canada) according to the following proto 
col: 
O150 1.95° C. for 3 minutes 
0151 2.95° C. for 30 seconds 
0152 3. 69° C. for 30 seconds 
0153. 4. 72° C. for 30 seconds 
0154) 5. Plate Read 
(O155 6. Repeat steps 2-544 times 

95% Confidence Interval 
Sig. Mean Std. Error of the Difference 

t df (2-tailed) Difference Difference Lower Upper 

2069 8 O72 2S8OOO 124672 -294.94 5.45494 

2O69 S453 O89 2S8OOO 124672 -54639 5.70639 

(0160 FIG. 6 is a Receiver Operating Characteristic (ROC) 
curve illustrating the specificity and sensitivity of the 3.4 kb 
mtDNA deletion as a marker for prostate cancer when testing 
urine. These results were obtained using a cutoff C of 
31.575. The sensitivity of the marker at this C, is 80%, while 
the specificity is 100%. 

(0161 The determination of the cutoff C of 31.575 is 
shown in table 15. The results listed in table 15 show that a 
cutoff Cof 31.575 provided the highest sensitivity and speci 
ficity. 

TABLE 1.5 

Determination of C cutoff. 
Coordinates of the Curve 

Test Result Variable(s): CTf 

Positive if 
Less Than 

or Equal To Sensitivity 1 - Specificity 

26.2900 OOO OOO 
28.49SO 2OO OOO 
30.38SO 400 OOO 
31.0800 6OO OOO 
31.5750 800 OOO 
32.1400 800 2OO 
32.81SO 800 400 
33.87OO 800 6OO 
34.3350 800 800 
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TABLE 15-continued 

Determination of C cutoff. 
Coordinates of the Curve 

Test Result Variable(s): CTf 

Positive if 
Less Than 

or Equal To Sensitivity 1 - Specificity 

34.3SSO 1.OOO 800 
35.3700 1.OOO 1.OOO 

The smallest cutoffvalue is the minimum observed test value minus 1, and the largest cutoff 
value is the maximum observed test value plus 1. All the other cutoffvalues are the averages 
of two consecutive ordered observed test values. 

Example 7 

Detection of Re-Circularized 3.4 Kb Deleted 
Sequence in Prostate Malignant and Benign Tissue 

0162. In this example, the amount of re-circularized 3.4 kb 
deleted mtDNA molecules in samples was tested as an indi 
cator for prostate cancer. As mentioned above, the 3.4 kb 
sequence, upon deletion, may reform as a circular mtDNA 
molecule. Amplification of a target region from the deleted 
3.4 kb mtDNA sublimon was conducted using a primer pair 
(SEQ ID NOS:9 and 10). The forward primer (SEQID NO: 
9), overlaps the rejoining site of the ends of the 3.4 kb 
Sequence. 
0163 Prostate tissue was formalin-fixed paraffin embed 
ded prostate tissue needle biopsies. 
0164. The reagent setup used for this example was as 
follows: 
(0165 250 nmol each primer 
0166 12.5ul of 2 reaction mix, 
0167 20 ng (10 ul of 2 ng/ul) template in 25 ul reaction 
Volume. 
0168 The cycling parameters were as follows: 
(0169. 1.95 degrees Celsius for 3 minutes 
(0170 2.95 degrees Celsius for 30 seconds 
(0171 3. 62 degrees Celsius for 30 seconds 
0172 4. 72 degrees Celsius for 30 seconds 
(0173 5. Plate Read 
0.174 6. Repeat steps 2-5 44 times 
(0175 7.72 degrees for 10 minutes 
0176 8. Melting Curve from 50-100 degrees, reading 
every 1 degree for 3 seconds 
(0177 94 degrees HOLD. 
0.178 Amplification of a target region from the deleted 3.4 
kb mtDNA sublimon was conducted using a primer pair (SEQ 
ID NOS:9 and 10). 
0179 Table 16 below provides a summary of testing con 
ducted for the detection of the actual 3.4 kb deleted in mtDNA 
obtained from malignant and benign prostate tissue. Using a 
C, score of 30.0, a clear identification of malignant and 
benign tissue was possible. As such, an increase in the amount 
of the 3.4 kb molecule present in a sample was indicative of 
CaCC. 

TABLE 16 

C, scores for Detection of Cancer in Prostate Tissue 

Description C. 

Benign sample 1 33.75 
Malignant sample 1 28.79 
Benign sample 2 30.96 
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TABLE 16-continued 

C, scores for Detection of Cancer in Prostate Tissue 

Description C. 

Malignant sample 2 28.4 
Benign sample 3 32.19 
Malignant sample 3 27.38 

0180 Although the invention has been described with ref 
erence to certain specific embodiments, various modifica 
tions thereof will be apparent to those skilled in the art with 
out departing from the spirit and scope of the invention as 
outlined in the claims appended hereto. 
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sis: Improving Primary Care Outcomes. Website: http:// 
www.springnet.com/ce/803a.htm 

0201 Taniike, M. et al., BioChem BioPhys Res Comun, 
186: 47-53, 1992 

0202 Valnot, Isabelle, et al. A mitochondrial cytochrome 
b mutation but no mutations of nuclearly encoded subunits 
in ubiquinol cytochrome c reductase (complex III) defi 
ciency, Human Genetics (1999) 104: 460-466 

0203 von Wurmb, N, Oehmichen, M, Meissner, C., Mutat 
Res. 422:247-254, 1998 

0204 Wallace et al., Mitochondiral DNA MUtatio 
Assoicated with Leber's Hereditary Optic Neuropathy, 
Science, 1427-1429 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 10 

<21 Os SEQ ID NO 1 
&211s LENGTH: 3379 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

11 
Feb. 5, 2015 

(0205 WeiY H. Proceedings of the Nat. Sci. Council of the 
Republic of China April 22(2):5567, 1998 

(0206 Woodwell D.A. National Ambulatory Medical Care 
Survey: 1997 Summary. Advance data from vital and 
health statistics; no.305. Hyattsville, Md.: National Center 
for Health Statistics. 1999 

0207 Yeh, J. J., et al., Oncogene Journal, 19: 2060-2066, 
2OOO 

0208 Zhanget al., Multiple mitochondiral DNA deletions 
in an elderly human individual, FEBS Lett, 297, 34-38 
1992 

0209 Zhang, C., et al., BioChem. BioPhys. Res. Comun., 
195: 1104-1110, 1993 

cctaaacct a ct coaatgct aaaactaatc gtcc caacaa titat attact accactgaca 60 

tgactitt coa aaaaacacat aatttgaatc aacacaacca cc cacagoct aatt attagc 12O 

atcatcc ct c tactatttitt talaccaaatc aacaacaacc tatttagotg titcc ccaacc 18O 

ttitt.cct cog accoccitaac aaccoccctic ctaatactaa citacctgact cotacic cct c 24 O 

acaat catgg caa.gc.caacg cc acttatcc agtgaac cac tat cacgaaa aaaact citac 3 OO 

citctictatac taatc tocct acaaatc toc ttaattataa catt cacagc cacagaacta 360 

at catattitt at atc.ttctt cqaaaccaca cittatc.ccca cottggctat catcaccc.ga 42O 

tgaggcaa.cc agc.ca.gaacg cctdaacgca ggcacatact tcct attcta caccct agta 48O 

ggctic ccttic cc ctact cat cqcactaatt tacacticaca acaccc tagg ct cactaaac 54 O 

attctactac to act ct cac td.cccaagaa citat caaact cotgagccaa caacttaata 6 OO 

tgactagott acacaatago ttittatagta aagatacct c tttacggact coactitatga 660 

ctic cctaaag cc catgtcga agcc.cccatc gctgggt caa tag tacttgc cqcagtactic 72O 

ttaaaac tag goggctatogg tataatacgc ct cacactica ttct caaccc cctdacaaaa 78O 

cacatagcct accoct tcct td tact atcc ctatgaggca taattataac aagctic catc 84 O 

tgcctacgac aaacagacct aaaatcgctic attgcatact cittcaatcag ccacatagcc 9 OO 

citcgtag taa cago cattct catccaaacc cc ctdaagct tcaccgg.cgc agt cattctic 96.O 

ataatcgc.cc acgggcttac atcct catta ct attctgcc tagcaaactic aaactacgaa 102O 

cgcact caca gtcqcatcat aatcct citct caaggacttic aaactic tact cocactaata 108O 

gctttittgat gacittctago aagcct cqct aacct cqcct taccc.cccac tatt aaccta 114 O 

ctgggagaac totctgtgct agtaaccacg ttct cotgat caaatat cac to tcct actt 12 OO 

acaggactica acatact agt cacagcc ct a tact coct ct acatatttac caca acacaa 1260 

tggggct cac to acccacca cattaacaac ataaaac cct catt cacacg agaaaacacc 132O 

ct catgttca tacaccitatic ccc.cattctic ct cotaticcic to aaccc.cga catcattacc 138O 

gggttitt colt cittgtaaata tagtttalacc aaaa.cat cag attgttgaatc tdacaacaga 144 O 
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ggcttacgac ccct tattta cc.gagaaagc ticacaagaac togctaactica togcc.cccatg SOO 

tctaacaa.ca tdgctttct c aacttittaaa gogata acago tat coattgg tottaggcc c 560 

caaaaattitt ggtgcaactic caaataaaag taataac cat gcacact act at aaccaccc 62O 

taac cctdac titc cctaatt coccc catcc ttaccaccct cqtta accct aacaaaaaaa 68O 

act cataccc ccattatgta aaatc cattgtc.gcatccac ctittattatic agt ct ct tcc 74 O 

ccacaacaat att catgtgc ctagaccalag aagtt attat citcgaactga cactgagc.ca 8OO 

caac ccaaac aacccagotc. tcc ctaagct tcaaactaga citact tctic cataat attca 86 O 

t ccctgtagc attgttcgtt acatggtcca toatagaatt ct cactgttga tatataaact 92 O 

cagacccaaa cattaatcag ttcttcaaat atc tact cat citt cotaatt accatactaa 98 O 

t cittagttac cqctaacaac ctatt coaac tdtt catcgg ctgagagggc gtaggaatta 2O4. O 

tatic cttctt gct cat cagt tdatgatacg ccc.gagcaga tigcca acaca gcago catt c 21OO 

aagcaatcct atacaa.ccgt atcggcgata t cqgttt cat cct cqccitta gcatgattta 216 O 

t cct acactic caact catga gacccacaac aaatagocct tctaaacgct aatccaa.gc.c 222 O 

t caccc cact act aggcct c ctic ctagoag cagcaggcaa at cagcc caa ttagg to tcc 228O 

accc.ctgact c cc ct cagcc atagaaggcc ccaccc.cagt ct cagcc ct a citccact caa 234 O 

gcactatagt tdtag cagga atc.ttcttac to atcc.gctt coacc cc ct a gcagaaaata 24 OO 

gcc.cactaat coaaacticta acactatogct tagg.cgctat caccactctg titcgcagcag 246 O 

tctg.cgc.cct tacacaaaat gacatcaaaa aaatcgtagc cittct coact tcaagt caac 252O 

tagg act cat aatagittaca atcggcatca accaaccaca cctago attic ctdcacatct 2580 

gtacccacgc cittcttcaaa gccatact at titatgtgctic cqggit coat c atccaca acc 264 O 

ttaacaatga acaagatatt cqaaaaatag gaggact act caaaaccata cct ct cactt 27 OO 

caacct coct caccattggc agcctago at tag caggaat acctitt cct c acaggitttct 276 O 

actic caaaga ccacat catc gaaac cqcaa acatat cata cacaaacgcc tdagc cctat 282O 

citat tact ct catcgctacct coctdacaa gogcctatag cactic gaata attcttctica 288O 

c cctaacagg to aacct cqc titc.cccaccc titactaa.cat taacgaaaat aacco caccc 294 O 

tact aaac cc cattaaacgc ctdgcago cq gaa.gc.ctatt cqcaggattt citc attact a 3 OOO 

acaa.catttic ccc.cgcatcc ccct tccalaa caacaatccc cct citaccta aaact cacag 3 O 6 O 

c cct cqctgt cactitt cota ggactitctaa cagcc ctaga cct caactac ctaac caa.ca 312 O 

aacttaaaat aaaatc.ccca citatgcacat tittatttct c caa.catactic ggattct acc 318O 

ctagoat cac acaccgcaca atc.cccitat c taggc ctitct tacgagccaa aacct gcc.cc 324 O 

tact cotcct agacct aacc tdactagaaa agct attacc taaaacaatt to acago acc 33 OO 

aaatct coac ctic catcatc acct caac cc aaaaaggcat aattaaactt tact tcc tot 3360 

ct t t cit tott cocact cat 33.79 

<210s, SEQ ID NO 2 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 3.4 kb deletion forward 

<4 OOs, SEQUENCE: 2 



US 2015/0037804 A1 
13 

- Continued 

tagacitacgt acatactaac cct acticcita 

<210s, SEQ ID NO 3 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer 3.4 kb deletion reverse 

<4 OOs, SEQUENCE: 3 

gagg taggat ttgctgt 

<210s, SEQ ID NO 4 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer mtDNA genome forward 

<4 OOs, SEQUENCE: 4 

cgttccagtg agttcaccct c 

<210s, SEQ ID NO 5 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer mtDNA genome reverse 

<4 OOs, SEQUENCE: 5 

cact citttac gcc.ggcttct att 

<210s, SEQ ID NO 6 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer TNF nuclear gene forward 

<4 OOs, SEQUENCE: 6 

cctgc.cccaa tocctittatt 

<210s, SEQ ID NO 7 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic primer TNF nuclear gene reverse 

<4 OO > SEQUENCE: 7 

ggtttcgaag ttggtctt g 

<210s, SEQ ID NO 8 
&211s LENGTH: 16.569 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (31 O7) . . (3107 
<223> OTHER INFORMATION: n is a, c, g or t 

<4 OOs, SEQUENCE: 8 

gat cacaggit citat caccct attaaccact cacgggagct ct c catgcat ttgg tattitt 

3 O 

19 

21 

23 

21 

6 O 

Feb. 5, 2015 
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cgtctggggg gtatgcacgc gatagcattg cgagacgctg gagcc.ggagc accctatgtc. 12 O 

gcagtatctg. tctittgattic ctdcct catc ct attattta t cqcaccitac gttcaatatt 18O 

acagg.cgaac atact tacta aagtgttgtta attaattaat gcttgtagga cataataata 24 O 

acaattgaat gtctgcacag ccactitt.cca cacagacatc ataacaaaaa attitccacca 3OO 

aaccc.ccc ct c ccc.cgctitc toggccacago acttaaacac atctotgcca aacco caaaa 360 

acaaagaacc ctaacaccag cct aaccaga tittcaaattt tat cittittgg cqg tatgcac 42O 

ttittaa.cagt caccc.cccaa ctaacacatt attitt cocct c cc actic cca tact actaat 48O 

ct catcaata caa.ccc.ccgc ccatcct acc cagcacacac acaccgctgc taaccc.cata 54 O 

cc.ccgaacca accaaacccc aaaga caccc cccacagttt atgtagctta cct cotcaaa 6OO 

gcaatacact gaaaatgttt agacgggctic acat cacccc ataaacaaat aggtttggtc 660 

ctagocttitc tattagct ct tagtaagatt acacatgcaa gcatcc.ccgt to cagtgagt 72 O 

t cacccticta aat caccacg atcaaaagga acaag catca agcacgcagc aatgcagotc 78O 

aaaacgctta gcc tagccac accc.ccacgg gaalacagcag togattaacct ttagcaataa 84 O 

acgaaagttt alactaagcta tactalacc cc agggttgg to aattt cqtgc cagccaccoc 9 OO 

ggtcacacga tta acccaag ticaatagaag ccggcgtaaa gagtgttitta gat caccCCC 96.O 

t ccc caataa agctaaaact cacctgagtt gtaaaaaact c cagttgaca caaaatagac O2O 

tacgaaagtg gctittaa.cat atctgaacac acaatagcta agacic caaac tdggattaga O8O 

taccc.cacta togcttagc cc taalacct caa cagittaaatc aacaaaact g c togccagaa 14 O 

Cactacgagc cacagcttaa aactcaaagg acctggcggit gct tcat at C cct ctagagg 2OO 

agcc togttct gtaatcgata aacco catc aacct cacca cct cittgctic agcctatata 26 O 

cc.gc.catctt Cagcaaac cc tatgaaggc tacaaagtaa gcgcaagtac C cacgtaaag 32O 

acgittagg to aaggtgtagc C catgaggtg gcaagaaatg ggctacattt tot accc.ca.g 38O 

aaaactacga tagcc.ctt at gaaacttaag ggtcgaaggt ggatttagca gtaalactaag 44 O 

agtagagtgc titagttgaac agggc cct ga agcgc.gtaca Caccgc.ccgt. Caccctic ct c SOO 

aagtatactt caaaggacat ttalactaaaa ccc.ctacgca tittatataga gqagacaagt 560 

cgta acatgg taagtgtact ggaaagtgca Cttggacgaa ccagagtgta gcttalacaca 62O 

aagcacccaa cittacactta ggagatttica actta acttig accogctctga gctaalaccta 68O 

gcc.ccaaacc cacticcacct tactaccaga caaccittagc caaac cattt acccaaataa 74 O 

agtataggcg atagaaattgaaacctggcg caatagatat agtaccgcaa gggaaagatg 8OO 

aaaaattata accaag cata atatagdaag gactaac ccc tatacct tct gcataatgaa 86 O 

ttaact agaa atalactittgc aaggagagcc aaa.gctalaga CCC cc.gaaac Cagacgagct 92 O 

acct aagaac agctaaaaga gcacaccc.gt Citatgtagca aaatagtggg aagatttata 98 O 

ggtagaggcg acaaacctac Cagcctggit gatagctggt titcCaagat agaatct tag 2O4. O 

ttcaactitta aatttgcc.ca cagaaccotic taaatcc cct totaaattta actgttagt c 21OO 

caaagaggaa cagctictttg gaCactagga aaaaaccttg tagagagagt aaaaaattta 216 O 

acacccatag taggcc taaa agcagccacc aattaagaaa gcgttcaagc ticaac accca 222 O 

ctacctaaaa aatcc.caaac atata actga act cotcaca cccaattgga ccaat citatic 228O 

accctataga agaactaatgttagtataag taa catgaaa acattct cot cogcataagc 234 O 
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gttccacaga agctgc catc aag tatttico toacgcaa.gc aacco catcc ataatcc titc 468O 

taatagctat cotcttcaac aatatact ct c cqgacaatgaac catalacc aatactacca 474. O 

atcaat actic at cattaata at cataatag ctatagdaat aaaac tagga atagocc cct 48OO 

ttcactitctgagt cccagag gttacccaag goacc cct cit gacatccggc ctdct tcttic 486 O 

t cacatgaca aaaactagoc cc catctoraa toatatacca aatct ct coc toactaaacg 492 O 

taagcc ttct c ct cactic to tcaat cittat coat catago aggcagttga gqtggattaa 498O 

accaaaccca gctacgcaaa at cittagcat act cotcaat tacccacata ggatgaataa 5040 

tagcagttct accogtacaac cctaa cataa ccatt cittaa tittaactatt tat attatcc 51OO 

taac tactac cqcatt cota c tact caact taalactic cag caccacgacc ctact actat 516 O 

citcgcacctgaaacaa.gcta acatgactaa caccc.ttaat tccatccacc citcct ct coc 522 O 

taggaggcct gcc.ccc.gcta accggcttitt toccaaatg ggc catt at C gaagaattica 528 O 

caaaaaacaa tagcct catc atc.cccacca toatagocac cat caccctic cittaacct ct 534 O 

acttctacct acgc.ctaatc tactic cacct caat cacact act coccata t ctaacaacg 54 OO 

taaaaataaa atgacagttt gaa catacaa aacco acccc attcc tocc c acact catcg 546 O 

c cct taccac gctact cota cctat citc cc ctitttatact aataatctta tagaaattta 552O 

ggittaaatac agaccalagag cct tcaaag.c cct cagtaag ttgcaatact taatttctgt 558 O 

aacagotaag gactgcaaaa ccc cactctg catcaactga acgcaaatca gcc actittaa 564 O 

ttaa.gctaag ccct tactag accaatggga cittaaac cca caaac actta gttaa.ca.gct st OO 

alagcacccta at Caactggc titcaatctac ttct ccc.gcc gcc.gggaaaa aaggcgggag 576. O 

aag.ccc.cggc aggtttgaag ctgcttctitc gaatttgcaa ttcaatatga aaatcacctic 582O 

ggagctggta aaaagaggcc taaccc.ctgt ctittagattt acagt coaat gct tcactica 588 O 

gccattttac ct cacc ccca citgatgttcg ccg accqttg act attct ct acaaaccaca 594 O 

aaga cattgg aac act at ac ct attatt.cg gcgcatgagc tiggagtic ct a ggcacagctic 6 OOO 

taagcct cct tattogagcc gagctgggcc agc.caggcaa cct tctaggit aacgaccaca 6 O6 O 

tctacaacgt tat cqt caca gcc catgcat ttgtaataat citt citt cata gtaataccca 612 O 

t cataatcgg aggctttggc aactgactag titc.ccctaat aatcggtgcc ccc.gatatgg 618O 

cgtttcc.ccg cataaacaac ataagcttct gactic titacct coct ct ct c ctact cotgc 624 O 

tcgcatctgc tatagtggag gcc.ggagcag galacaggttgaac agtctac Cct Cocttag 63 OO 

cagggalacta citcccaccct ggagcctic cq tag acctaac catcttctic c ttacaccitag 636 O 

caggtgtctic ct citat citta gggg.c catca attt cat cac aacaattatic aatataaaac 642O 

cc cctogcc at aacccaatac caaacgcc cc tictt.cgtctg atc.cgt.ccta at cacagoag 648 O 

t cct acttct c citat citctic ccagt cctag ctgctgg cat cactatact a ctaacagacc 654 O 

gcaacct caa caccacct tc titcgaccc.cg ccggaggagg agaccc.catt citataccaac 66OO 

acct attctg atttitt cqgt caccctgaag tittatatt ct tat cotacca ggctt cqgaa 666 O 

taatct coca tattgtaact tact actic cq gaaaaaaaga accatttgga tacataggta 672 O 

tggtctgagc tatgatatica attggct tcc tagggitttat cqtgtgagca caccatatat 678 O. 

ttacagtagg aatagacgta gacacacgag catattt cac citcc.gctaccataat catcg 6840 

citat coccac cqgcgtcaaa gtatttagct gacticgc.cac act coacgga agcaatatga 69 OO 
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agcct c tacc togcacgacaa cacataatga cccaccaatc acatgccitat catatagtaa 924 O 

aacccago'cc atgacc ccta acaggggg cc tict cago colt cctaatgacc ticcggcc tag 93 OO 

c catgtgatt toactitccac to cataacgc ticct catact aggcc tacta accaacacac 936 O 

talaccatata C caatgatgg cqc gatgtaa cacgagaaag cacataccala ggccaccaca 942O 

caccacctgt ccaaaaaggc ctitcgatacg ggataatcct atttattacct cagaagttt 948O 

ttitt ctitcgc aggatttittctgagccttitt accactic cag cctagoc cct accc.cccaat 954 O 

taggagggca citggcc ccca acaggcatca ccc.cgctaaa toccctagaa gtc.ccacticc 96.OO 

taaa.ca catc cqtatt actic goat caggag tat caat cac ctdagct cac catagt ctaa 966 O 

tagaaaacaa ccgaaaccaa ataattcaag cactgctitat tacaattitta citgggtotct 972 O 

attittaccct c ctacaagcc ticagagtact tcgagtc. tcc citt caccatt toccacggca 978 O. 

tctacggctic aacatttittt gtagccacag gottccacgg actitcacgt.c attattggct 984 O 

caactitt cct cactat citgc titcatcc.gcc aactaatatt to actttaca tocaaac atc 9900 

actittggctt cqaag.ccgcc gcc tdatact ggcattttgt agatgtggitt tact atttic 996 O 

tgitatgtctic catctattga tigagggtott act ctitt tag tataaatagt accqttaact OO2O 

tccaattaac tagttittgac aac attcaaa aaagagtaat aaactitcgcc ttaattittaa OO8O 

taatcaacac cct cotagcc titact actaa taatt attac attittgact a ccaca actica O14 O 

acggctacat agaaaaatcc acccottacg agtgcggctt cqaccctata t cc ccc.gc.cc O2OO 

gcqtcc ctitt citc cataaaa ttcttct tag tagct attac citt cittatta tittgatctag O26 O 

aaattgcc ct c ctitttaccc ctaccatgag ccctacaaac aacta acct g c cactaatag O32O 

titatgtcatc cct citt atta atcatcatcc tagcc ctaag totggccitat gag tdactac O38O 

aaaaaggatt agactgaacc gaattggitat at agtttaaa caaaacgaat gattt cqact O44 O 

cattaaatta tdataatcat atttaccalaa tdcc.cct cat ttacataaat attatac tag OSOO 

catttaccat ct cactitcta ggaatactag tatat cqctic acacct cata t cct c cctac O560 

tatgcc taga aggaataata citat cqctgt to attatago tact citcata accct caa.ca O62O 

cc cact coct cittagc caat attgttgccta ttgccatact agt ctittgcc gcc tigcgaag O68O 

cagoggtggg cctago ccta ctagt citcaa tot coaacac atatggcct a gactacgitac Of 4 O 

at aacctaaa cct act coaa togctaaaact aatcgt.ccca acaattatat tactaccact O8OO 

gacatgact t t coaaaaaac acataatttgaat caacaca accacccaca gcc taattat O 860 

tagcatcatc cct ctact at tttittaacca aatcaacaac aacct attta gctgttc.ccc O92O 

aaccttitt co toccaccc cc taacaacccc cct cotaata ctaactacct gactic ct acc O98O 

cct cacaatc atggcaa.gcc aacgc.cactt atc.ca.gtgaa ccactat cac gaaaaaaact O4 O 

ctacct ct ct atactaatct c cctacaaat citcct taatt ataac attca cagccacaga 1OO 

actaat cata ttittatat ct tctitcgaaac cacactitatic cccaccittgg citat cat cac 16 O 

ccgatgaggc aaccago cag aacgc.ctgaa cqcaggcaca tact tcc tat t ct acac cct 22 O 

agtaggct co citt coccitac to atcgcact aatttacact cacaacaccc taggct cact 28O 

aaac attcta c tact cactic ticactg.ccca agaactatoa aactic ct gag ccaacaactt 34 O 

aatatgacta gcttacacaa tagcttittat agtaaagata cct citttacg gactic cactt 4 OO 

atgacticcict aaa.gcc catgtcgaa.gc.ccc catcgctggg toaatagitac ttgcc.gcagt 460 
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act cittaaaa citagg.cggct atggtataat acgcct caca ct cattctica acc ccct gac 152O 

aaaacacata gcc tacccct tcc ttgtact atc cc tatga gccataatta taacaagctic 1580 

catctgccta cqacaaacag acctaaaatc gct cattgca tactic ttcaa totagocacat 164 O 

agcc ct cqta gtaacago cattct catcca aaccocctga agctt caccg gcgcagt cat 17OO 

t ct cataatc gcc cacgggc tita catcct c attac tatto togcctagdala act caaacta 1760 

cgaacgcact cacagt cqca toataatcct ct citcaagga cittcaaactic tactic cc act 182O 

aatagotttt tdatgactitc tagcaa.gc.ct cqcta acctic gcc ttacccc ccact attaa 188O 

cc tactggga gaact citctg togctagtaac cacgttct co tdatcaaata t cact ct cot 1940 

acttacagga citcaiacatac tagt cacago cct at acticc citctacatat ttaccacaac 2 OOO 

acaatgggg.c ticactic acco accacattaa caa.cataaaa ccct cattca cacgagaaaa 2O6 O 

caccct catgttcatacacc tat cocccat t ct cotccta t coct caacc ccgacat cat 212 O 

taccgggttt tocticttgta aatatagttt aaccaaaa.ca toagattgttgaatctgacaa 218O 

cagaggctta cqaccc citta tttaccaga aagct cacaa gaactgctaa ct catgc.ccc 224 O 

catgtc.t.aac aacatggctt tot caactitt taaaggataa cagctat coa ttggit cittag 23 OO 

gcc.ccaaaaa ttittggtgca act coaaata aaagtaataa ccatgcacac tactata acc 2360 

acccta accc tact tcc ct aattic ccc cc atcct tacca ccct cqttaa ccctaacaaa 242 O 

aaaaact cat acc cccatta totaaaatcc attgtc.gcat ccacctittat tat cagt ct c 248O 

titc.cccacaa caatatt cat gtgcc tagac caagaagtta ttatctogaa citgacactga 254 O 

gccaca accc aaacaa.ccca gct ct cocta agcttcaaac tag act actt citc cataata 26 OO 

ttcatc cctd tag cattgtt cqttacatgg to cat catag aattct cact gtgatatata 266 O 

aact cagacc caaacattaa toagttcttcaaat atctac to atct tcct aattaccata 272 O 

ctaatct tag ttaccgctaa caacctatt c caactgttca toggctgaga gqq.cg tagga 2780 

attatat cct tcttgct cat cagttgatga tacgc.ccgag cagatgccaa cacagcago c 284 O 

attcaa.gcaa toctatacaa ccgitat cqgc gatat cqgtt to atcct cqc cittagcatga 29 OO 

tittatcctac act coaactic atgagaccca caacaaatag ccc.ttctaaa cqctaatcca 296 O 

agcct caccc cactac tagg cct cotcc ta gcago agcag gcaaatcagc cca attaggit 3O2O 

citccacccct gacticc cct c agc catagaa gcc.cccaccc cagtc.tcagc cct actic cac 3O8O 

t caa.gcacta tagttgtagc aggaatctitc titact catcc gct tccaccc cctagoagaa 314 O 

aatagoccac taatccaaac totaacacta tdottagg.cg citat caccac totgttcgca 32OO 

gcagtctg.cg ccc.ttacaca aaatgacatc aaaaaaatcg tagcc ttctic cacttcaagt 326 O 

caac taggac toataatagt tacaatcggc atcaaccaac cacacctago attcc tigcac 332O 

atctgtaccc acgcct tctt caaagccata ctatt tatgt gct cogggit c catcatccac 3380 

aaccittaa.ca atgaacaaga tatt cqaaaa ataggaggac tactcaaaac catacct ct c 344 O 

acttcaacct c cct caccat tdgcagocta gcattagcag gaatacctitt cott cacaggit 3500 

ttct acticca aagaccacat catcgaaacc gcaaacatat catacacaaa cqcct gagcc 3560 

citat ct atta citct catcgc tacct coctd acaag.cgcct atago acticg aataatt citt 362O 

citcaccctaa cagg to aacc ticgct tcc cc accct tacta acattaacga aaataac ccc 3 680 

accc tactaa accc.cattaa acgc.ctggca gcc.ggaagcc tattogcagg atttct catt 37.4 O 
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actaacaa.ca ttt coccc.gc atcc.ccct tc caaacaacaa tocc cct ct a cctaaaactic 38OO 

acagcc ct cq ctgtcactitt cotaggact t c talacagc.cc tag acct caa citaccta acc 386 O 

aacaaactta aaataaaatc cccactatgc acattittatt tot coaa.cat act cqgattic 392 O 

taccctagoa toacacaccg cacaatcc cc tat citaggcc ttcttacgag ccaaaac citg 398 O 

cc cc tact co toctag acct aacctgacta gaaaagctat tacctaaaac aattt cacag 404 O 

caccaaatct c cacct coat cat cacctica acccaaaaag gcataattaa actitt acttic 41OO 

citct ctittct tct tcc cact catcc taacc c tact cotaa toacatalacc tatt coccc.g 416 O 

agcaatctica attacaat at atacaccaac aaacaatgtt caaccagtaa c tact actaa 422 O 

t caacgc.cca taat cataca aagcc.ccc.gc accaatagga t cotc.ccgaa toaac cctoga 428O 

cc cct citcct t cataaatta titcagct tcc tacact atta aagtttacca caaccaccac 434 O 

cc catcatac tottt caccc acago accaa toctacctico atcgctaacc ccactaaaac 44 OO 

acticaccaag acct caac cc ctdaccc.cca togcct cagga tactic ct caa tagccatcgc 4 460 

tgtagtatat coaaagacaa ccatcatt co coctaaataa attaaaaaaa citattaalacc 452O 

catata acct c ccc.caaaat t cagaataat alacacacccg accacaccgc taacaat caa 458 O 

tact aaac cc ccataaatag gagaaggctt agaagaaaac cccacaaacc ccattactaa 464 O 

acccacactic aacagaaaca aag catacat cattatt citc gcacggact a caaccacgac 47 OO 

caatgatatgaaaaac catc gttgt atttic aactacaaga acaccaatga ccc caatacg 476 O 

caaaactaac ccc ctaataa aattaattaa ccact cattc atcgacctic c ccaccc.catc 482O 

caa.cat ct co goatgatgaa actitcggctic act cottggc gcc togcctga t cct c caaat 488 O 

caccacagga citatt cotag ccatgcacta ct caccagac gcc to aacco cotttitcatc 494. O 

aatcgc.ccac at cact coag acgtaaatta tdgctgaatc atcc.gct acc titcacgc.caa 5 OOO 

tgg.cgc.ctica at attctitta t ctdoctott cotacacatc gggcgaggcc tat attacgg 5060 

at catttctic tact cagaaa cct galaacat cqgcattatc ctic ctdcttg caactatagc 512 O 

alacagcct tc at aggctatgtc.ct ccc.gtg aggccaaata t cattctgag gggccacagt 518O 

aattacaaac titact atc.cg ccatcc cata cattgggaca gacct agttcaatgaatctg 524 O 

aggaggctac toagtagaca gtc.ccaccct cacacgattic tittacctitt c actt catctt 53 OO 

gcc.ctt catt attgcago cc tagcaa.cact c cacctic cta ttcttgcacg aaacgggat.c 536 O 

aaacaa.cccc ctaggaatca cct co cattc cqataaaatc acct tccacc ctitact acac 542O 

aatcaaagac gcc ct cqgct tacttct citt cottct citcc ttaatgacat taacactatt 548 O 

citcaccagac citcc taggcg acccagacaa ttatacccta gccaa.cccct taalacac ccc 554. O 

t ccc.ca catc aagc.ccgaat gat atttic ct attcgcc tac acaattctic c gatcc.gt ccc 5 6.OO 

taacaaacta ggaggcgt.cc ttgcc ctatt act atccatc ct catcc tag caataatcc c 566. O 

catcct coat at atccaaac aacaaag.cat aatattt cqc ccactaagcc aat cactitta 572 O 

ttgacticcita gcc.gcagacc ticct cattct aacctgaatc ggaggacaac cagtaagcta 578 O. 

c cct tttacc at cattggac aagtag catc cqtactatac titcacaacaa toctaatcct 584 O 

aataccaact atc toccitaa ttgaaaacaa aatactcaaa togggcctgtc. cittgtag tat 59 OO 

aaactaatac accagt cittg taalaccggag atgaaaacct ttitt.ccaagg acaaatcaga 596 O 

gaaaaagt ct tta act coac cattagcacc caaagctaag attctaattit aaact attct 6O20 
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citgttcttitc 

accoctatgt 

acttgaccac 

Caagcaagta 

CCtcaCCCaC 

catttaccgt. 

t cagataggg 

actic to ct cq 

ctggttcc ta 

atcacgatg 

atggggaa.gc 

attitcgtaca 

ctgtag taca 

cagcaatcaa 

taggatacca 

acatagcaca 

gtc. ccttgac 

Ctc.cgggc cc 

Ctt Cagggtc 

<210s, SEQ ID NO 9 
&211s LENGTH: 22 
212. TYPE : DNA 

agatttgggit 

ttact.gc.cag 

taaaaaCC Ca 

CCCtcaacta 

acaaacctac 

ttacagt caa 

CaC catcCtc. 

ataac acttg 

ataaag.ccta 

accacccaag 

ccaccatgaa 

atcCaCatca 

toacacatca 

CCaCCCttaa. 

atc. cott citc. 

cgtgaaatca 

ggggtagcta 

aatagcc cac 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 9 

CCC act catc. acctaalacct ac 

<210 SEQ ID NO 10 
&211s LENGTH: 2O 
212. TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 10 

gg taggagtic agg tagttag 

What we claim is: 
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tattgactica cc catcaa.ca 608 O 

tattgtacgg taccatalaat 614 O 

aaaccc.cctic cc catgctta 62OO 

actgcaactic caaagccacc 626 O 

cagtacatag tacataaagc 632O 

gtc.cc catgg atgaccc.ccc 638O 

at atc.ccgca caa.gagtgct 644. O 

aagtgaactg 

acgttcc cct 

1. A method of detecting a cancer in an individual com 
prising: 

a) obtaining a biological sample from the individual; 
b) quantifying the amount of mtDNA in the sample having 

a deletion in the nucleic acid sequence spanning 
approximately residues 10744 and 14124 of the mtDNA 
genome; 

c) comparing the amount of mtDNA in the sample having 
the deletion to the amount of the deletion in a reference 
sample of mtDNA wherein the reference sample is from 
a known non-cancerous tissue or body fluid or from a 
known cancerous tissue or body fluid, 

wherein if the reference sample is from a known non 
cancerous tissue or body fluid, then an elevated level of 
the deletion in the biological sample compared to the 
non-cancerous reference sample is indicative of cancer 
and if the reference sample is from a known cancerous 
tissue or body fluid sample then an equivalent or 
elevated level of the deletion in the biological sample 
compared to the cancerous reference sample is indica 
tive of cancer. 

tat cogacat 65OO 

taaataagac 656. O 

6569 

synthetic primer forward 3.4 kb deleted sequence 

22 

synthetic primer reverse 3.4 kb deleted sequence 

2O 

2. The method of claim 1 wherein the deletion has a nucleic 
acid sequence corresponding to the sequence identified in 
SEQID NO: 1. 

3. The method of claim 1 wherein the quantifying of the 
deletion includes amplifying a target region of mtDNA that is 
indicative of the deletion, and quantifying the amount of the 
amplified target region. 

4. The method of claim 3 wherein a primer having a 
sequence corresponding to SEQID NO: 2 is used as part of a 
pair of amplification primers for amplifying the target region. 

5. The method of claim 1 wherein the step of quantifying is 
conducted using real-time PCR. 

6. The method of claim 1 wherein the cancer is prostate 
CaCC. 

7. The method of claim 1 wherein the cancer is breast 
CaCC. 

8. The method of claim 1 wherein the biological sample is 
a body tissue or body fluid. 

9. The method of claim 8 wherein the biological sample is 
breast tissue, prostate tissue, prostate massage fluid, or urine. 

10. The method according to claim 3 wherein the amplify 
ing of the target region is conducted using a pair of amplifi 
cation primers, one of the pair of amplification primers over 
lapping a splice joining regions on opposite ends of the 
deletion. 
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11. A method of monitoring an individual for the develop 
ment of a cancer comprising: 

a) obtaining a biological sample: 
b) quantifying the amount of mtDNA in the sample having 

a deletion in the nucleic acid sequence spanning 
approximately residues 10744 and 14124 of the mtDNA 
genome; 

c) repeating steps a) to b) over a duration of time; and 
d) wherein an increasing level of the deletion over the 

duration of time is indicative of cancer. 
12. The method of claim 11 wherein the deletion has a 

nucleic acid sequence corresponding to the sequence identi 
fied in SEQID NO: 1. 

13. The method of claim 11 further comprising at least one 
step selected from the group consisting of: (a) comparing the 
amount of mtDNA in the sample having the deletion to the 
amount of the deletion in a reference sample of mtDNA from 
known non-cancerous tissue or body fluid, and (b) comparing 
the amount of mtDNA in the sample having the deletion to the 
amount of the deletion in a reference sample of mtDNA from 
known cancerous tissue or body fluid. 

14. The method of claim 11 wherein the quantifying of the 
deletion includes amplifying a target region of mtDNA that is 
indicative of the deletion, and quantifying the amount of the 
amplified target region. 

15. The method of claim 11 wherein the step of quantifying 
is conducted using real-time PCR. 

16. The method of claim 14 wherein a primer having a 
sequence corresponding to SEQID NO: 2 is used as part of a 
pair of amplification primers for amplifying the target region. 

17. The method of claim 11 wherein the cancer is prostate 
CaCC. 

18. The method of claim 11 wherein the cancer is breast 
CaCC. 

19. The method of claim 11 wherein the biological sample 
is a body tissue or body fluid. 

20. The method of claim 19 wherein the biological sample 
is breast tissue, prostate tissue, prostate massage fluid, or 
urine. 

21. A method of detecting a cancer in an individual com 
prising: 

a) obtaining a biological sample from the individual; 
b) quantifying the amount of mtDNA in the sample having 

a sequence corresponding to the sequence identified in 
SEQID NO: 1; 

c) comparing the amount of mtDNA in the sample corre 
sponding to SEQID NO: 1 to at least one known refer 
ence value, wherein the at least one known reference 
value is the amount of mtDNA corresponding to SEQID 
NO: 1 in a reference sample of mtDNA from known 
non-cancerous tissue or body fluid or a reference sample 
of mtDNA from known cancerous tissue or body fluid, 
and 

wherein if the reference value is from a reference sample of 
mtDNA from known non-cancerous tissue or body fluid 
then an elevated amount of the mtDNA corresponding to 
SEQID NO: 1 in the biological sample compared to the 
non-cancerous reference sample is indicative of cancer 
and wherein if the reference value is from a reference 
sample of mtDNA from known cancerous tissue or body 
fluid then an equivalent or elevated amount of the 
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mtDNA corresponding to SEQID NO: 1 in the biologi 
cal sample compared to the cancerous reference sample 
is indicative of cancer. 

22. The method of claim 21 wherein the step of quantifying 
is conducted using real-time PCR. 

23. The method of claim 21 wherein the quantifying of the 
deletion includes first amplifying a target region of mtDNA 
that is indicative of the deletion, and quantifying the amount 
of the amplified target region. 

24. The method of claim 21 wherein one of a pair of 
primers used in the amplifying of the target region overlaps a 
rejoining site of the sequence corresponding to SEQID NO: 
1, after the sequence has re-circularized. 

25. The method of claim 23 wherein a primer having a 
sequence corresponding to SEQID NO: 9 is used as part of a 
pair of amplification primers for amplifying the target region. 

26. The method of claim 21 wherein the cancer is prostate 
CaCC. 

27. The method of claim 21 wherein the cancer is breast 
CaCC. 

28. The method of claim 21 wherein the biological sample 
is a body tissue or body fluid. 

29. The method of claim 28 wherein the biological sample 
breast tissue, prostate tissue, prostate massage fluid, or urine. 

30. The method of claim 22 wherein the reference value is 
a cycle threshold. 

31. A method of detecting a deletion spanning approxi 
mately nucleotides 10744 to 14124 of the human mtDNA 
genome, wherein said deletion is associated with prostate 
cancer, in a subject having mtDNA, comprising: 

a) providing a biological sample from the Subject; 
b) detecting the presence of the deletion in the mtDNA, 

wherein presence of the deletion in the mtDNA indicates 
prostate cancer, a predisposition to prostate cancer or the 
progression of prostate cancer. 

32. The method of claim 31, wherein the step of detecting 
the presence of the deletion in the mtDNA comprises PCR 
analysis using a primer that bridges the mtDNA junction 
formed by the deletion spanning approximately nucleotides 
10744 to 14124. 

33. A method of detecting a mtDNA deletion spanning 
approximately nucleotides 10744 to 14124 of the human 
mtDNA genome as a biomarker for prostate cancer, the 
method comprising: 

a) providing a biological sample from the Subject; 
b) detecting the presence of the deletion in the mtDNA; 
c) comparing the amount of mtDNA in the sample having 

the deletion to the amount of the deletion in a reference 
sample of mtDNA wherein the reference sample is from 
a known non-cancerous tissue or body fluid or from a 
known cancerous tissue or body fluid, 

wherein if the reference sample is from a known non 
cancerous tissue or body fluid, then an elevated level of 
the deletion in the biological sample compared to the 
non-cancerous reference sample is a biomarker indica 
tive of cancer and if the reference sample is from a 
known cancerous tissue or body fluid sample then an 
equivalent or elevated level of the deletion in the bio 
logical sample compared to the cancerous reference 
sample is a biomarker indicative of cancer. 

34. The method of claim 33, wherein the deletion is 
approximately 3379 bp. 
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35. A method for confirming or refuting a prostate cancer 
biopsy test from a biopsy sample, comprising: 

a) obtaining a normal tissue from a biopsy sample; 
b) detecting the absence or presence of a human mtDNA 

deletion at approximately nucleotides 10744 to 14124 of 
the human mtDNA genome in the normal tissue; and 

c) comparing the amount of the mtDNA deletion in the 
normal tissue to the amount of the deletion in a reference 
sample of mtDNA wherein the reference sample is from 
a known non-cancerous tissue or body fluid or from a 
known cancerous tissue or body fluid, 

wherein if the reference sample is from a known non-cancer 
ous tissue or body fluid, then an elevated level of the deletion 
in the normal tissue compared to the non-cancerous reference 
sample is indicative of a cancerous biopsy and if the reference 
sample is from a known cancerous tissue or body fluid sample 
then an equivalent or elevated level of the deletion in the 
biological sample compared to the cancerous reference 
sample is indicative of a cancerous biopsy. 

k k k k k 


