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Indeed, the mutation rate for mtDNA is around ten times higher than that of nuclear DNA

(Wallace,1994). Most of the mtDNA mutations identified in the recent human tumour studies have
indicated possible exposure to ROS derived mutagens. This is important for the investigation of
mtDNA mutations in NMSC because there is recent evidence for the direct involvement of UV
35 induced ROS in the generation of mtDNA deletions in human skin cells (Bemeburg et al, 1999,
Lowes et al, 2002). In addition, the major determinant of NMSC in individuals without protective

pigmentation or genetic predisposition is UV (Weinstock, 1998). The putative precursor lesions of
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(Bire gf) Machin The plgnzentatmn of human hair and skin which is the major co-variant of UV sensitivity and
human skin cancer has been investigated. These investigations have centred on the association of
variants of the melanocortin 1 -receptor gene and sun-sensitivity of individuals and populations
(Smith et al. 1998; Healy et al. 1999; Flanagan et al. 2000; Healy et al. 2000; Harding et al. 2000;
Flanagan et al., 2002) relating to skin cancer susceptibility. However, these studies have not

35  addressed population-level variation in mtDNA sequences in association with particular skin types

and/or hair colour.
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30 prostate epithelium (Huang et al. 1999). In 1997, nearly 10 million American men were screened for
prostate specific antigen (PSA), the presence 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.,

35 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
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diagnosis. Moreover, telomeres may serve as a site for therapy (Ozen et al. 1998). A number of
groups have provided evidence for a "prostate cancer gene" in the short arm of chromosome 1
35 (Berthon et al. 1998). More work is needed to identify the specific locus within this region. It has
been suggested that this marker is only one of several possible genes predisposing men to familial
prostate cancer. Other studies have shown possible marker loci on the X chromosome (Xu et al.
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advantXge cbridetedicli Emgiftarnpmo axpilzim the mging Piiess netochondniz! gerdmeinsolder Sibfects are
t he strengbh t n ation cl
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however, th cifi % nol ecul ar. nechani'sns under | dg aP
process r él 158 g these mutations, the entire genome must be analyze Other deletions are seen in

30  Table 1 adapted from Wei, 1992.
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Oxygen free radicals, a normal by product of ATP production, are a probable cause of this
deletion, which increases in frequency with age. Existing literature demonstrates a strong association
between mtDNA (mtDNA) mutations, chronological age, and the overall aging process in postmitotic
tissues such as muscle and brain, however, comparaiive maternal line studies are needed to
discriminate between aging associated mutational events and those mutations without an aging
association.

In recent years a variety of chronic degenerative diseases have been shown to result from
mutations in mtDNA (Gatterman et al. 1995). Diseases related to defective OXPHOS appear to be
closely linked to miDNA mutations (Byme, 1992). Furthermore, it has been shown that these
myopathies are often associated with the common deletion of 4977-bp of the mitochondrial genome’
(Liu et al. 1997). This large deletion has aiso been found, at heteroplasmic levels, in various tissues
of normal aging persons and is consistent with the Mitochondrial Theory of Aging (Harman, 1981),
This is manifest through an increase in the deletion frequency (Cortopassi & Wang, 1995) and a
subsequent decline in respiratory function (Miquel et al. 1992) resulting in eventual cell death in old
age. The early detection of a predisposition to a disease or disorder presents the best opportunity for
medical intervention, as early genetic diagnosis may improve the prognosis for a patient.

Previous studies employing a cross-sectional design have established an association or cause
and effect relationship between mtDNA mutations, deletions, and/or combinations of such and aging;
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10 closely linked to mtDNA nutations (Byrne, 1992).  Furthernore, it

has been shown that these nmyopathies are often associated with the
common del efH9m6Ah13977- bp of the m tochondrial genone l%b] at .
1997). This large (ﬁ?etl on has al so been found, at heter I’M%’O%SZ

| evel s, in various tissues of normal aging persons and i s consistent
with the Mevwowbromdpidal toTihedr yecofate ARgiantge gdaspaaifi dd@Bh)and/ofil umtiorsrate must be
mani f est t I Iy
vang, - 1005 and -4 Peledyy R o el i el LB DRt 1B RRRR biccho s
(M quel ttha|p0pu_1=992)leweb§uilt@h nghis mf@metmuahmm@nwe theant ¥nderstanding ofalgpes; mtDNA
The early @et.8etkQhesObved tmcedlmsbw 'tﬁknc&geqﬁerfééssgf‘%s@ﬁiaﬂhﬁﬂrﬂ tions, their
presents t he best opportunlty fo medi cal 1 nterventio as ear 1)/
genet i ¢’ di HEAYERSicS MAPSSPeigions 8 th%@nw%g%@s@f agigE Mustba knet in opflepipifereesst and

studi es enplegiiRGsidv an‘i?&'tﬁ@ﬁblemllev@ﬁ?\bﬁﬁ}c}k}?svﬁv@ﬁ&t%}% bS8eche@is rate, which
associ ation or cause and effect rel ationsh IIDg bet ween

mt_DNA
mut at i ons, TAEes EYdREion aﬁmpa}an%%a Hugugh getegr! Ungeh A&ﬁ‘adﬁ@]%n@m is] ) ngggh for a
2006/ 11102&8@1{&%2&@;661@%@@%pf@@%@ver ln order to obtain accurate
data the age specific, de]eti.on angl/rfg{ tlonggjﬁ.te nmust be
det er mi ned conctEEI4PEYARYY (i%i¢i 1Ry At ORS TBIEHE VAL RGPy gt &waitogiog the

opposed t omaodhardriricithaie i Se@sas &hich tnldfeatp edplylsatd @fcdr.ei¢imk of GthatihluBin diseases

This inforpmati ISI e ive to er st of how, nt DNA
damage acc?ﬁ“esgglve %n{ 8*95” lf)vléoramtea?or &S q‘g g%’§ SEYeR (25 §& exposure, non-
particul ar mctmoaiawbmsancbherostaiﬁ chncery) lneg cines andingingaldrdked toatefeotasn tha ntitoehondrial
t enpor al S i ast

event ual | y ?rg%/v 'g%lien@gél? &tfﬁg§%‘%$' %%tlélré Ww}?”@egteagersg té"r%g tat%ns lntmtDNA
yet deter nwlmeldcaml dyearsa,taed theei veiich srm;qmepwnte»aaatmawtbm and qum tpaIUiaoons
data through maternal lines. Accordingly, there is a need for a

bi omar ker @i akviof aflisveniign 29I Ng process. Accordingly, there is a

need for a_mlyﬁtmﬁt orward systemof nonitoring the 10

m t ochondri al g”ésﬁ?ﬁﬁsé’fﬂl?rpﬁﬁﬁttﬁt"ii@ﬁ%a\fiﬁrllﬁt?ﬁﬂmhﬁéiaéﬁ%e early stage cancer,

agi ng or ot her HRpeRMmpR SQASRInvelioh s 18 ploife gﬁgmmn&etecﬂg%&ed@o@ho%%a
need for a sinple diagnostic systemfor sun exposure, non- | anoma

skin cancéf**h EH 5 deteaticRoh eaBFer. §opssi Of cARESEPTeaRTge SlfeRrgt: PfWé%P“toéc‘l‘i’é?rect S
in the m tehendicimtr, o:g;ema{pesureT]herbﬁﬂdg&alaatﬂ,ﬂeﬂhvfr@rmm@h aGpRiShE G) PGl

which di ffer ent at es bet ween i use d| sease,
ot b o o S g O D Ber e W ron b e

popul ati ons. 15&:;8%@15@& ﬂ‘fthetlh&nﬂldh\liemfprdVMeMmbSmﬂisﬂghQ)hﬁﬂEﬁ&ﬁiwlelc acid
invention are |isted he c the.inventi
0o o oviiets g P tncr B st o sTATE BOLrERaR® oS ot Rl
early det ent ﬁdﬂloofasso:an@cbwgth yedigssitonad capauneeily depregericacef gaediiod cancer,
progre55| 2 N
D o og: careles FAARES oro ARG Burtl:, SBNEAIccaly SWLGHRIR e fho chos
bi ol ogﬂ5calﬁ0§bm1§¢°é01@0hlﬂm&,iw mrBigkedirem (nb?chdmwlﬂhgané cBNMewhasgin gagh

~the nt Wnuﬁ&@%&@&eﬁ%%&éa WRqub B:?sltloﬂ\{ﬁ&'ﬁd £y bt it Qa6 &!dc@%d%th@ﬁer sBid
conprising a plurality of nucleic acid nenbers, and a solid

sybstrates“%ﬁ@l@el n each of the nucleic acid rrenbers is associ at ed
with at |east 08@edepeetdf@R ideaEEIiSbOFbvia b Rit Fr 8- iRRag b ble@iBpdkBloC BRERET

early dete 5 1 of %ancer %és sis o cancg resence of ca
o 007 essi GH U EHE eI ST oHEEe LB RO ¥owEh A5coohly
i s chasen c2ef arem expdssnfehamplnisu@ at [BddApneidbbr sala&ed firdae the fafoficonsisting of: solid
mtoc hondrsh;%ort [Ehl drray Iaescrcbe agbve meea%sel'oph(ﬁé’iggh the solid support, means for extraction of
mitochondrial DNA, means for access to a database of mitochondrial DNA sequences, primers,
reagents and instructions
Another aspect of the invention is to provide a database containing mitochondrial DNA
35  sequences chosen from normal control sequences associated with non-disease states, sequences

associated with interpopulation variations, sequences associated with intrapopulation variations, or
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nucl ei ¢ acid nmenber hés a unique position on said array and is stably
associated with the solid substrate. Another aspect of the invention
is to provide a kit for diagnosing a predisposition tg ¢

det ect i onVBRIEANEE | genesis of cancer, presence of CgﬁgggzmMMmmg
progression of cancer, absence of 30 cancer or sun exposure

conpri si sRyucaces|agsasietedith meradimositien te eaneat, ehrlvdptechion of ERNSET. BROPRS SSEANY, Of .

solid su Bﬁ%&e of Eﬁl%eraﬁrr)ﬁ‘yssﬂﬁ SEdahdRe al%@ﬂg @f caﬂ&@@ﬁl &HBEsuRRQL giip the solid
Support means for extraction of m t ochond rla nmeans for access

to a dat abaseApftherpipes REARIOVAHODRER BesaTeediod ofdetqriinea deletignpamting and

i nstruct ks rﬁd’t‘ai heleofidel esa4 f 14tlihﬂ>flt11&\ﬁﬁDNACg8ndrrﬁ: Wherddi evd a:&nan Haisahaae
contalnln t ochondri| al DN@ﬁl ences . c sen roq%q gg %ttrol
sequefce¥ BE’?E}@F SANET A S coppising (a é’é‘lﬂf{@?ﬁf‘e OGS e

W th int @{e@a@m ldi(eReiéaing atelpaa@ame &@m&m Zlgg%sm 88 30DNAL FHe Wldngré ;ng)(/) be in the
|ntrapopu at | r 11 1

sequence&” 5%%@ éb}‘%ﬁpt ﬂﬁéade PSS PP B 2 9@ bclfecl'ﬂ'l miﬁ%f“g/ m@égg?ﬁsl% n
of canceps pag:erlﬂ'ﬁﬁe paid beterasndeT44 and téﬁge mmeprafng(swh’staexany prregeresdEnONAIDH
cancer, sence of can 0

the inve ?wgﬁgm%w mmﬂrggl aahgﬁﬁgﬁgelmﬂm |ng a §%$ESF%%B§§55§$%9
apprdnlnﬁﬁmhy;ﬂu@hsmmﬁdméﬂﬂovﬂwmw@ 14124 of the nt DNA genone, mhereln

d del et ast 2SHBILSS
havi ng.nt DA, “AERE IR 0T fyetollh e SRR 8y GO RERer 2 TofhaRd B,

subj ect iﬁ@&@)ﬁ@ﬂé&ﬂ@@h&%@%ﬁ@ Can (SRR é‘i%tlﬁ%)rﬂngﬁnwﬁecwﬂmmer
The del ei,qn,fBY, ISIhgehhq%TAéa% Gﬁ@@@et sé@%wmo?he del eti on

may be approxi mate el etion rra deletesall or part
of base pair s%hwwctrbwamvwan f opraidec 45w @W@Sl@ﬂﬁo@@rawpﬁwg?wg@ﬁes

encodisng pNAREL J6e0ie ABSRRS %hé‘rbﬂ? uﬁy dt t}élﬂuclm AR OHeNATA vitlikni t
4, NADH de ]égr ogenase su buni t hi stidi ne, tRNAserine2, and

t RNA | euditiia delapmahaproxississt 1061*4 tPHéuﬁnw}@Fﬁr} thpnyeleiciagid memppichas & unique
nucl ei ¢ 6ditthnRh kd1®krrad aﬂdﬂ‘s@tawaédo&mwmewld TbeadCT ACG TAC ATA CTA
ACC CTA CTC CTA &SE%&I NO 139). and a,n C|f6I aci.d priner

reverse conpr A sBAE OBTAINERERORFE REpd T 8RG8 “cTzfﬁTprlsmg at

Anot her &ape6d mérhbet Etﬁecteﬂﬁ*&tﬂ&he(gﬂoup%oﬁsﬁtn@roﬂ?\al dikposable alkip,ahe @appfdianng a

e o | et el e e e e BE e e Rt o IR, A s O

del et onnatrump:p;r oxi mat ely 10744 to 14124, wherein the nucleic acid
menber has a ra§pe§%§ hE kﬁot 1s§<3a158r9\r1§er d ficthd %gml%toﬁggphéfso%%ér%' ated

with the soli rate. er aspect o
provi de ardgressidndowa:la prgsigs cmgprskprmcsan@eﬂpr@@mnmosm pop taglogitag spaviplegiroen a

menber s %ﬁlﬁe% gﬂg&f{sfﬁ@ é%mdilgé’ a%@oéf&ﬁéa}]@fe'ﬁ%% tﬁ’é subjf t%xﬁ‘%ﬁgbm fedth fRe the

array of nmeans I'ng the disposab hi p, means
for extr awlagisal sorplademming greiahisnes or prasearersf deletions ofithegptPR Aesprainipaot Heer

aspect ofy,tdhedauentbARed Wit Qrkd Q¥drSRuBtNERE MR BhlafiRRktifiohd) gr whelRRF HON
for the rogreSS|on toward rostate cancer ol pr.ogressi on of

prost at e delgfensare F3ecigtep ik %Ple,ssnce SLFFERES PF DRTFdisPotiifl 1R BRostalg B3R5 si ng:
provi di N@rogrekiical to@re prlostaatapte, frésaa chiver & phjgRedicn o stoktas tinde, IRrepdaiip

the the steps.

30 Another aspect of the invention is to provide a use of a deletion between approximately 10744
and 14124 of the mtDNA comprising all or part of NADH dehydrogenase subunit 4L, NADH
dehydrogenase subunit 4, NADH dehydrogenase subunit 5, tRNA histidine, tRNAserine2, and tRNA
leucine2 to detect a predisposition to prostate cancer, early detection of prostate cancer, genesis of
prostate cancer, presence of prostate cancer, or progression of prostate cancer in a subject having

35  miDNA.

Another aspect of the invention is to provide a method for confirming or refuting a prostate
cancer biopsy test from a biopsy sample, comprising: obtaining normal tissue from a biopsy sample;
12



25 bi ol ogi cal sanple; detecting the absence or presence of deletions

of the ntDNA; determ ning whether the deletions are associated with
normal 1 nt ewpqu/ﬁidzgn or intrapopul ation variations, orP&t)@Aﬂ%ﬂOB&g
del ettions are associated with the absence or presence of

predi sposition to prostate cancer, progression toward prostate
cancer, prostate cancer or progression of prostate cancer, and;
repeating gLAg.shif o he 4 nvent i

P! M9 oS PRe AU EL: BEPEEIN LA IEof BUERSIAD 47000 g
the nmt DNA é6#grising all or part of NADH dehydrogenase subunit 4L,

NADH dehydr Oge%§ﬁcrsa'éﬁyémftthe4mvem tgsltwﬂé QQ%Qtﬁﬁr M%ﬂhéﬂ& malEOSI tumour

hi stidi ne, tRRNAseri ne2, t RNA | euci ne2 det ect predis I on
to prost at @4 ERA%SPTPIEHE] ?Pt%'é?%%?t“?’éﬁe"é‘fe bﬂf’rpéi’sﬁtaﬁ't”és @%@%ﬁctln@bﬁé@‘me @rfpresence

prostate ca,nmtDszﬁaaﬁﬂcaea@foxﬁﬁm}tﬁi?%ﬁmﬁ&trom@fse%%%ﬁﬁ' on of
prostate cancer ,in_a su Jé’?ﬁ\t? hav |ngSrt35 nt DNA. Anot her aspect of the

i nvention is to’PPYTiisRse {IHGHOp Syto PRI ¢ metheyt 97 the eqligetion gf gpatient sample

prostate damseih dhgmcpﬁx)g pfostate cirfcél‘fﬂuacydpbﬁ&&)y uﬁﬁé@heﬂ-‘enoﬁ %ﬁﬁﬁih@?ﬂ}égn;tely
1

obt ai ni ng nor. e sanpl e; WD, 2006/
PCT/ CA2086P6%5%’§%§ 1'0?%3 &‘thzggt tﬁ%ﬁ' [ﬁﬁig‘?&l}@gﬁwrﬁtﬂgﬁﬁ%‘ﬁ% iglozizal sarplgafrom
del etion oftheaplpccmm mately 3379 bp in the nor mal tissue. Another

aspect Bf the i R}éé‘tﬂér agﬂgct o% thte (i)an r‘tl%x %s 0 proBEE ar ?(ﬁ:aor@g t g{qﬁoe%sg%%rengs L?gg!sy

prostate t unmour

sanpl es; an@r@@n@dv nm}}?mﬁm lavéemb@%of tipr et®diAcgenorhe bf usa imdilNdsinhgiretateon
of appr oxi U%E:?r' y 3379 bp in each of the sextant sanples. Another
aspect of the inventionis to provide a nethod for the collection of
a patient sanpl &nothesespagief fha inderiign is4¢ provige rsethaddoniatctin sBCKpESUPOS UoTE
by using a,dgh&hd R 3RAANI Ng approxi mately nucleotides 10744 to
14124 of the nt DNA genone, conprising: providing a biological sanple
from the subj efbothergsoagief the invetigeisto mpviddramthndefidotesting sddaiopsrowiine a

m t ochondr hgpkoxsldt@d hQMoBRA B 18944330 BE o B BF the USRS ?érfogl@ Swikffifkdidld@ietion
14124 of the ntDNA enonme for use in diagnosing pros cancer.

Anot her aslS@EPCipfed ViteskinRARGE #19for pun ckRPSYE.GY P eHbieat hesins BeP Y drcomatising | ng
sSun exposUprevidihg B ORdtogitel s@rﬂﬂgﬁmﬁ Iﬂtertulg@w GAd detebfn rBRfice?8 e alleRh: it he

i nvention i rovide a det eg el eti on spanni ng

appr oxi mat E‘ﬁg}\&’ﬁu&m Y pepest 0 gge/mt"ii‘“&‘hﬁé" Rrﬁ“‘iel‘?é“qﬁli“’ﬁé?r dgfepmipipg @urﬁtlmw
genomneyo \/\heapeaufe B sibjeke hatingatDNAS cafsisiag: tevilling aldivlsdidaNsaGRRTRM BEGLRE:;
sun exposuf % de

o1 ol oo cal VE4sH R iR e oLt BT R BT SR o B A o e

del etion i moxtlhsng thre Dhg\termAsditth eﬂ"clla&@jébft phofottiehapy fepient TiereleSont ay/de Githele
a net hod ]ch%ﬁ\g %?E%O% %O‘B%pt JPI% &fé don may begm%éé%glg??@snﬁpﬁo@ppwg%t ésplﬁllgbfe n%JZ)NA

havi ng nt rising: provi
subj ect; faml anﬁettmuatwln glt"t'Pd énrtdmgsmm ¢hed¥-lovphie tRISA mtettmomnen'rtteh]elem]m&@t deléte

Z :c mC: ??ﬁ gnglmugaMa?cl mfs DB ddsi S5 t8f4443qq)_ﬂl5 }n?f[ }' 09 oF BEmbAeg één me,tch pnsnxg,

phot ot'her apy regi nme etion may
substantlally a 125 rRNA gene, a 16s rRNA pene, a ND1 gene and promoters for transeription of H

and L strands.
Another aspect of the invention is to provide a nucleic acid primer L404 comprising CTT
TTG GCG GTA TGC ACT TT (SEQ ID NO: 145) and a nucleic acid primer H4676 comprising GAT
30  TAT GGA TGC GGT TGC TT (SEQ ID NO: 146). |
Another aspect of the invention is to provide a nucleic acid probe, 3895-probe, comprising
TGC TAA CCC CAT ACC CCG AAA ATG TTG G Tamra (SEQ ID NO: 153).
Another aspect of the invention is to prdvide an array comprising a plurality of nucleic acid
members, and a solid substrate, wherein one of the nucleic acid members is associated with the
35 mtDNA deletion at approximately 547 to 4443, wherein the nucleic acid member has a unique

position on said array and is stably associated with the solid substrate.
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range of 3500 to 4000 bp. The deletion may be approxi mately 3895 bp,
conprising a span of nmtDNA from approximately nmtTF 1 binding site in
the D-1oqgp, met hi oni ne. The del etion nay del et 27 3hdsofissPart
of base &EP%@] Ee ween 547 to 4443 in the minor arc of tch BRA
genone, conpri,si YA 84 Kkih @I@}jﬁ, . a
AlD 1 gene an ptir;"%aS t%glr%z h?%tVEx?rog}r%st rg@.%r‘\ 3 (gﬁqgmr% Q§nc gﬂ&‘

Anot her  dispwsaiiic gfip, thearrindeeqribidapoies means fw Wdlaetha dﬁmﬂéf# @ll:aériddﬂqﬂﬁ% fner
L404 conp.s 3{1&9)fg{ﬂ_NATTG GCG GTA TGC ACT TT (SEQ I D NO 145) and a
nucl ei ¢ aci rimer HAG676 conprising GAT 30 TAT GGA TGC GGIL TGC TT
(SEQ | D NO 14@9therA$R§@tw§ﬂle aypriien 549 PreTide 4 meeasiof Bnifasing 8 PEFBVIIHEN a

nucl eisc @ o@upﬂrﬂ%n-n%ﬁgéh@dkﬁlbﬁncepmdl dﬁgsam @oﬁ%u@@&: of\pridepoiding
AAA ATG TTG G Tanr a D NO 153 thelnvgntlon

t
is to prdbidrgicalrample (és?mé Pipi eﬁlﬁ@&%@&%gfmﬂgf bcb‘ﬁggﬁ‘i?ifaglpl"' dgigeting the
me ge 'S, aBfafkedr Hodchet oF Uhiaiohabihe iDBIAG BdlerBiithg@fhethBighd defdtiehsCiretodiated with
menbers is associ ated w i 35 nt DNA del e pr oxi mat 547
o 2443, "GRG BIPOPHE R L ErOPEicR “TRaby g ot ik st SR s PR
sai d arr ayposire ah@ rakabbyhearpoci ated with the solid substrate. 13 WO
2006/ 111029 PCT/ 006/ Q00652 . Anat her.,as vent
provi ée a ki t%’r“é’)t paeﬁtngg}eﬁla’e%t Phschrﬁ‘élgera L(Eoﬁ{)ar‘%isﬁtlh m%fn% é))&g?tél? 5o
chip, theddringe ndm:sarqdﬁéﬂ neDN % genome amnssubjest himahainthgy A heﬂemtsm@u@ or
chi p, anqlogrg]@ﬁ%ngaosqqncgﬁ%g action of ntDNA. Anot her aspect of the
invention is'to provi met hod of nonitoring a person for sun 5
exposure and Mnthmlsmﬁdﬁﬁlesﬂé’iﬁmﬂoe #rie previde mmethasd for 1hgypatiagtion ahsprasiert pample
subj ect, GORPHidHpAin %9&&@&@9 us1ﬁ’gl atHeIEhQ&‘pErﬁkng%@&P}hﬁatfel?r(ﬂmlédﬁ@es%ubloeﬁi}
extractl ng DNA f romF bi ol ogi cal sanple; detecting absence  or
pr eselice iofhe génop e ehige @fDPﬂfh sewwpr&w&rmlﬁvm@blmgf% PRI g0y e gbjsghs

are associ at G%Whmspemff&mlmdeﬂtoﬁ fROprakial 4 @Hocﬂéndhﬁ‘ltd’ef%ﬁ&%hrﬁﬁdgon
vari ations, or whether the deletions are associ at ed

exposur e apﬁﬁ’ﬁma@é’ﬁéﬁ?qhﬁ“d S¢hi 4tbpfdhe mipor A H’éﬁlﬂa@ﬁéﬁon&ff"ft lﬁ%m diagnosing

i nventi orgml, &pb@rﬁ-%hﬁtﬁca use of a del etion between appr oxi mately 547
to 4443 in t m nor ar eno I n.a ect havin
TDNA to ot eQmoBHomE s TEeHhn 1B FORAT S e B iR HREER = iRtE AESEQ
aspecio ofIbiNG 18 Teesitfirtnhd [Geskize pf thy 3 396bpamtiddiAhietttibroassdched odthlsecéxponreof
a patient gqp for use in di.agnosing skin cancer by using a

del etion hg% ni ng approxi mately nucl eoti des 547 to 4443 15 in the
mnor arc of tAuethertaBied oférmourentionduip piosidngmetpodifor diengtiw detesloogf zal
sanpl e frrgarxgaé e%ﬁalilrpﬂﬁ %—\s ﬁg%hgl%fn BSREGh egenttct:la%tek DYER fo?xlﬂe ncttlgn the
provi de a m Schondr ra er et I'on spanni n pproxi matel y nuc eot|

547 to A4AA edquinheofisispoplezpwoprisngt MeVIMH\wNQéﬁMCW1SIQ§ er sugpected of

di agnasi Ng, 5l a%ﬁé&ﬁntoﬁroﬁ&hg @W%fapr@%@&mrspﬁé BRGEwR forkR&junction
invention 18 10 provi de a use 0O del'etion junction séquence of
SEQ 20 |aaiudby thg Featrengeneit deterting dhepragansspent by alflﬁéwsw%@%twctwn The
del et i on a5ee&h@AehyW: id @A, €DHP @SHirRerfint mNMRG deletion.

Brief Description of the Figures
Figure 1 is a histogram showing the number of mutations at nucleotide position in mitochondrial

30  DNA from patients with prostate cancer.
Figure 2 shows the first half of the non-synonymous clusters produced using Hierarchal Clustering
Explorer (HCE).
Figure 3 shows the second half of the non-synonymous clusters produced using Hierarchal Clustering
Explorer (HCE).

35  Figure 4 is a copy of Figure 3 wherein the important cluster is shaded.
Figure 5 is a schematic diagram showing the design and sequence of a primer useful for the detection

of the 3.4 kb deletion.
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Anot her aspect of the invention is to provide a nethod for a

sensitive detection of a rearrangenent in a DNA sanple, wherein the
rear r angenewd 260¢8ai0e¢ a newy forned junction in the DNQH%%&M&ﬂﬁﬁsQf

a sanple, conprising: providing a DNA sanpl e conprising or suspected

of 25 Cﬁrrpﬁmer@isea gre@ir shanine eminparBo0 ui gyclgghres#prdiwemo tnaRerRAORE sWhdtGhatic
spans the ﬁwéy -] j.on . create y the rearrangenent;
detecting ?_e ﬁggg;gﬁggﬁ%ﬂfig@“%ﬂblifying or probing the junction.

The rear r Higgenant smplyshbeing pyte tkdholdBh elatedar Exanglitent may be a

del etion. BrL&k.es/hLRLER0: Qhigi I s Figure .l is a histagram
showi ng t he ghun%@? _ ge% mut at?%lfrllushbgl?’ nﬁh% e%%.da%ag‘ﬁ%%‘?ﬁ hogn angrea%er?‘%q“ency of the
i t ochofdr P&1> brJeletraaan pyualiy s9a expesed skinkamhparsd with atwessaaliyemn-efHosadrskin 2
shows the Fighstenhld nifbed St B MTRHS06 b SLEGS: " dgisin

Hi er ar chal é ustgrfhd !%xploretc§%%%§. ﬁ?%ﬁ?é“§$§ﬁ%w§lﬁﬂéﬁﬁggggaIﬁgﬁ?@n
of the nonf8PHfFRbYE cErosstberssitsy oduced using Hierarchal O ustering
Explorer (Fghk.-9 8% bGUbRIng teSUR-isRBYe QhorEkOYF e 334185 QbBidn Soserved after 17
inmportant cluster is shaded. Figure 5 is a schematic dlagran1s%omnng
the desi gn"BHEVEEYERHCE of a primer useful for the detection of the
3.4 Eb 1ﬂe| Bigorono i 4 sdiin &Qﬂ@ﬁr%ébﬂt@t?& df @E}y l%ﬁ@?gr{ gpm%rimgﬂs %H& Q‘acﬁs{ldnsprgoes on
graph show Cc ris of cycle esho| etween nal i gnant an
synpt omat i %‘%%fgﬁﬁegﬁnﬁﬁwﬁgﬁ&aﬁ ttl‘?ﬁa%ﬂgp %lleﬁ"”kb study. Figure 7 is a

gr aph showFipge dy cb ewt lgraphshshodingsthe &heat ethtib@hipXREReR tdublatdceHeE:RraBe) arldSthe
a represen I i diu r-om ai ned arose. gel. shqQqw n

gr eat er fr%%%gﬁﬁ?%%PLTh%H&gfggbgﬁgggﬁéﬁﬁP? a?£W? §F¥V“§ﬁﬁm%%§§%ed

ski n conpafigete W ise potassh ohal dthidismrexposactdsigimse del giotvihg8h) inti8ende of the

hi st : : del,et i. in.104 | i i
o gt 96 e LSRR, O LA B SRR PR
gel showi nfieme bash BEQs #ddiG€hbl e i ncrease of the 3895 bp del etion

observed affiéd% 13Li€ a ﬁh@tBErE;SH df\faar(g Ve Pc}xid%rm;ng? E%%%g g?lg'%g%vgnggwacal examples

schematic representation of the localisation o
TagMan pr dbebeineprespopiipe ipgeldefi 339 Edeletisnens Mateeted He reabiimet PER 38 @Gechprirs of sun

del etion. dep@ed fhdliked fhirk WouSnePlBe ROMIRY the linear relationship
bet'ween t | at e concentration and the threshold cycle nunber (CT)

for thd 3898l AarHtrdit sivingthe lfralcrise 8P hircdeletion Spresttd pve gBjentage in sun

Fi gure 12 dxposad peimdiamhct® ferAl 184 §idiiedRihil& Bi-aifedp@gar ose gel
show ng tré:e m&;}dence of the 15 3895 bp deletion’in tunour (T) and
hi st ol ogi ¢a8Fsy [hét #re12eE@y hPREE dhrarclatiansiip depopn Sisesyeissudte rpd SEBNA anplpyin in
bot h BCCs dimafloshigpsostafeitgisue. 13 1S a phot ograph of representative

et hi di um brom de agarose gels showi ng typical exanples of their

correspongj .el. of del etion as detected by realtinme PCR of
t hree pai g Lﬁ%@e‘%ﬁ%ﬁénd three pairs of sun intermttent

sanpl €. Table | is a summary of mutations associated with aging.

Table 1a is a principal component analysis of mutations in mtDNA of seven protein coding regions in
control, distant benign, adjacent benign and malignant tissue.
Table 1b is a neural network analysis of mutations in mtDNA of seven protein coding regions in
control, distant benign, adjacent benign and malignant tissue.

30 Table lc is a summary of the synonymous and non-synonymous mutations found in ND1, ND2,
COXI and CYTB regions of the mitochondria of 31 patients having prostate cancer from distant
benign, adjacent benign and malignant prostate tissue.

Table 1d is a Chi square analysis of mutations in mitochondrial DNA in distant benign tissue from
malignant glands versus prostate tissue from symptomatic but not malignant subjects.

35  Table 2 is a summary of the mean number of deletions is epidermal tumours and adjacent normal
tissues.

Table 3 is summary of the standard .mcthod of DHPLC.
I5



20 Figure 14 is a scatter plot showing the levels of the 3895 bp
del eti on expressed as a percentage in sun exposed and sun
intermtt and epiderm s as determned by re

Fi gure 1§&pé(§ﬂéﬂ&%ran1shomnng the rel ationship betmegk&gggggﬁ%&ﬂ
results and nt DNA analysis in diagnosing prostate tunour. Brief

Descri pt "l%f)‘]e qflfﬁa RGndad Iomtaém;ﬂﬁm Buthtidn$ (1§clmﬁdbppﬁorﬂ1ﬁ&fale%§dle biopsies

associ ate adl ng Is a princip onponent anal ysi s _of
Tt at i ongnf FOTRITNEESRE s‘é\?”é‘ﬁnspﬁ“tﬁ erhenawdidingent é@ﬂ givant bymige BFetas| glands from

di stant bgmn@Rithdlisae@idcebeni gn and malignant tissue. Table Ib is a
neural network anal }(5|s of tatigns in mD%ﬁA of sev ﬁg n cod}ng
regions irPe&dht HHPL Prymess Usht 1o SPRIFE mMieRhandanl Sepns TG rion i ifymalin fixe
tissue. 3@ddabhblaisiues frignBlosdimmary of the synonynous and non- synonynous
nmut ati on i ons of the

it ochon I’ 6Sfa]§i°fj|§lﬁlﬂ %%%Wﬁ?fs#&“ﬁ?‘&%{@pféggcer from di st ant
beni gn, aﬂbhcwmmmm@fﬁﬁmmant prostate tissue. Table Id is a

Chi squar. a{a nmut at i.on tgchondrial DNA in distant
beni gn tlff“gﬁg rérﬁ%lec%]nigﬁaram?ters Or% nE{):I/er Sus prostate tissue from

syrrptorratTableBuﬂalmmfpmfﬁahsgn@mtExaufbf tkts. 35 Table 2 is a sumary of

t he mean nunber of deletions is epidernmal tunours and adj acent nor mal
tissugs. ﬂ_%ml g#sghgtig,pmmvgjmghe standard nethod of DI -1PLC. 15 WO
2006/ 111 ble 4 is a summary of m tochondri al
mut ations (i ndhaaried ghapgpnitisrHop Esicasy théiagnoe %?36%5% Higked togRPNA. The

conpl et e GAE ¥ P bt Hentloh Provived fof RARkis offhk #G@EHon@M géHofk dNhn PER{AGN
prostate glands from patjents with prostate cance Table 5 is a

P ort ot © e pelogle qe e TEASTEE 2 b E R 5 MRS BRI P TBE 2
for for madottfan fof ¥@dnitddhontithl FeHoNR| prefeblyiale dntifdhidchadrial Ty@hdnee & the individual

list of anplification prj s. for .

GPOR EorpOReAmLSarn Bty Pasins B bE St R ayE e DR Sl be
for Exarrplsei td Zapidlyl @bde® m@nyt @mplet.i BHPLE cqarfadoe sn hmmdtslolﬁ mizsegioe| @HPAC id fore
Detail ed Description of .th Invent n t e t 0

i nvent i oSN BB RIS Sgguem"égs segtks]gestgﬁg%q‘g o Q %I\é" é’%ﬁ detect 2%
met hod ofhctctnelapnsesmmarqdnwér’w{lé% fmmnmgqﬁmmadﬂﬂws foritte¢ting lower levels of

m t ochondp.i.al a?’%ui%@t) %fayé}MeflﬁbeYdﬁ?&‘a' froma biol ogi cal sanpl e, for
t

exanple by a I on of tochondri al genone, quen0|n
porti &h of t he\smisaddeteon theiing kqg@w@mea@frpgfpeqeémeyur@qqepl Irlesion of a squamous
m t ochondrj alciggpone of the individual 15 using any known means,
Denaturing high performance |iquid chronmatography (DHPLC) nma aI so he
used to rapi difyp usedhsei. ipging" SERPP @x2ccmiition BhThagese wEh BRC: H)@E B gofgpular
nut at i oNSynd BiRlafelds. mor e sen3| tive than automated sequencing in

terns of detecting, nutati and can, even detect 2%
As usgd herein, "al eles means one of several ald rnative forms of a given DNA sequence

25  occupying a specific place on a chromosome.

As used herein, “artificial neural network (ANN)” means a virtual device in which several
interconnected elements process information simultancously, adapting and learning from past
patterns,

As used herein, "attaching” or "spotting” refers to a process of depositing a nucleic acid onto a

30  solid substrate to form a nucleic acid array such that the nucleic acid is irreversibly bound to the solid
substrate via covalent bonds, hydrogen bonds or ionic interactions.

As used herein, “atypical” or “abnormal” means cellular appearance which is not normal, but
also does not appear to be malignant.

As used herein, "basal cell carcinoma"” means a type of cancer of skin cells.

35 As used herein, “benign” means of no danger to health; not recurrent or progressive; not
malignant.
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i - i enci ng. Met hods
| asnmy, conpared with 20-25% for ordinary sequ
Pﬁ etrjgltoect inyng Iomrrgr | evel s of heteroplasny (<2% may al so be

) = , q
herein, "actinic kerotoses neans propose )

g?gghsgg?'egyggﬁﬁgﬁﬁ?%sion of a squ?n?ps gflthﬁgg;nar?ﬁlfﬁﬁgsﬁﬂg?ﬁz

i "aging" refers to an accunul ati on _ t ¥
erfhg’nnﬁgcu?ar and cel lul ar |evels. A? useqvgﬁrghz,segtgﬁLgs -

i forns of a gi (

Gecuny o 3, specr S M B v omagona i . e
'(')Sr t |p1¥| ci al Hemmationelanty, prosiéi\rietaplegd) 8ndBrobialid Mkep@RYihiGEod; %gmgﬁsl y
SGanting and | copoeeh itk BIROY S RR0 ERRs I e en e nevispms |

i d learnin X apy .
?g?Fta.L ngngn or " éf)é?[eg inprgin, fegéle theeshad a(Cpr i@ﬂr@%%ﬂﬂ_ﬁt W@O%Iggﬂri&g)gﬁ%aﬁgﬁks%'s above

i | 4 ; rma nucl ej c _aci

acid ont® abacR@ogQ| dsqln&dd{gg ﬁ)§ Q‘Elg'naﬁ %{g{l %s agfh_,aw

' TFoIG SR solid substrate
that the nucleic acid is irrevers " bourn (
via coval ent borftfs 1S ysreby dhiagnonis oordibpniing'i rans aghgd %Spres@&euo?ﬁa‘afegce of a

; " " " ance whic
he { ein (r; r m‘;iat itk igodl or cQhbinaABROF Hﬁktg)gggsga;ﬁ%tgﬁ% lgxlsjelﬁ,gqr ci‘!igqggsﬁg (_)rr managesmept. The detection
no )

ut al sp does not : . , .
herein, " 23 ‘%%%tﬁon@h%P%wmﬁ@airssasastatmegmhs.;:anﬁgrl of skin cells.
35 As used her eiAsusédiRRirg Pﬁiseﬁ@aﬁ@lui@% ﬁgﬁ%rqg%g%a%%ﬁ Phoisipsktate.
recurrept or progressive: not na - , . . oo
PCT/ CA2006/ 000632 KL M6 fteifoomisd ”"’@?“h@"mﬁdt@m’ﬁg't“?g‘%s@egff%p‘ﬁ,“;fammg
i ncl ude, buutdtignsiodicdriveror otithritics astbiaRy F’Etﬁﬁ g%%%u%ahgﬁ%%aa " neopl asia. As
lsed herein. -~ Baiand heBl BISSE e Gratimie haskpe hion abatgiTbasslSusing
er , _ _ :
32 gd her ei Atandagd/ipustry bofeabed bwtlich (OMave ﬁletcgtﬁicieﬂb @Ltorcga%qg ﬁ%‘g]&[g ééﬁzqrvaﬁ%infonnation

[ ' ' dic
i ficat : 5. backgr ound, as’in _ .
2lrJrE|hl aISCa :‘t}{aﬂﬂlggr%g%?gg%ﬁ%}éeﬁ%fo fﬁ]&gg’dgg:gmﬁ%ﬂ-@l Sructurgj of dheostcleptideosequences. The

" di agndi ngetabaesandl alesi sty tderipive SERmEA ARG %éiﬂr?du%(s) ;Jiﬂss'tpgo:v%a‘% "he Biological
combi nat i 0fnfes M4 d0RBu AT AL AGE OFy glgliug%?eg?f slas bl efhes tpeysiném itdhes which
i bty
009105, DTGl 5 L0 10,5 LEED L E s
'r'nd,llt Zte?gﬁsa(%sﬁnggllelgiagxg% T@}ered:tnﬁ@p Welsteon des oiiadde the Wb b; @pdded tbg ?ég&rlglél% of the ends.
di seas®. Axlmﬁ@aig%g% ﬁgi;%é ﬁ%%@f%ﬁ%tgﬁ%ﬂ%lﬁ%ﬁgp%seog%g%fe) whi ch will
ﬁﬁ\s} teep]h(ecggggz %syus?tiigrp@r édu%H@tiﬁﬁb\med@ wird epeaiit Qeétﬂﬁ({érdfa]bfg?nits ﬁﬁéﬁléf and
will enablisenesiening byt mankghit 8/ L DINS, Lhe SLLUGLULe the genogre.

; a . .
i or mat i on about ¢ ASSESY HFYh AORFEP Y b s e leogt Gabaren, o te

mitochondrial sequences within one organ or cell.

Heteroplasmic mutations are those mutations
25 which oceur in some, but not all of the copies of the mitochondrial genome.

As used herein, "homoplasmy" means all mitochondrial sequences are identical.
As used herein, “hyper-mutation” means accelerated mutation rate which cannot be explained
by normal cellular processes or standard evolutionary principles.

As used herein, "inversions" refers to when a length of DNA is excised and reinserted in
30 reverse orientation.

As used herein, "maternal inheritance" means mitochondria which are inherited through the
cytoplasm of the ovum, )

As used herein, "maternal line" refers to the clonal sequence of mitochondrial DNA. as passed
down through successive generations from the mother.

35 As used herein, "mitochondria" means a eukaryotic cytoplasmic organelle that generates ATP

for cellular processes,
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sanples. This descriptive information will in
_ scri _ clude health stat
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gener at es ATPAs #sg} h%“é'l"laﬁilj%{’?sr %@@%é@*&%ﬁ%& 05%/@% lli%)é;rghtla%n which resuls
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fragment §hqﬁcﬁigﬁgp%lﬁ% ed r}g{gﬁg lehR1Rs lh? aglid sugorns a hon-Amticigreselseed mgion.

of the i mvohe edbgémet, che QWiL‘ewﬁec;/ gtg&:%g ,{%ﬁlgl %afg%;@ tﬁeggggiggsuﬁi)p%?tgis {ﬁﬁlﬁt PR

B?S'CEES' \r/ma%f%% 'r?g@gdr“é‘é% {'tﬁé ?lﬁd%}fgﬁa ?macﬁdaa@pﬂleamfaé'e afensolid sperobob ggNéaun

DO A ot hbore AhEk o Hh T L pf ey

Eg?gi \r/]\,i,wl ;ngh%hzgg% Sﬁirﬁrr%ﬁsg @Bﬁﬁi {égétitoh (P(LI?. dirsferalsy a nuclqiggag'{di@q? agggrdg]géé the
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25  array comprises nucleic acids of less than 6,000 nucleotides in length. More preferably, a nucleic acid

array comprises nucleic acids of less than 500 nucleotides in length. In one embodiment, the atray

comprises at least 500 different nucleic acids attached to one surface of the solid support. In another

embodiment, the array comprises at least 10 different nucleic acids attached to one surface of the solid

support. In yet another embodiment, the array comprises at least 10,000 different nucleic acids

30 attached to one surface of the solid support. The term "nucleic acid”, as used herein, is
interchangeable with the term "polynucleotide”.

As used herein, a "nucleic acid target" or "a target nucleic acid" is defined as a nucleic acid
capable of binding to a nucleic acid member of complementary sequence through one or more types
of chemical bonds, usually through complementary base pairing, usually through hydrogen bond

35  formation. As used herein, a nucleic acid target may include natural (i. e., A, G, C, or T) or modified
bases (7-deazaguanosine, inosine, etc.). In addition, the bases in nucleic acid probe may be joined by
a linkage other than a phosphodiester bond, so long as it docs not interfere with hybridization. Thus,
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15 As used herein, "normal tissue" neans tissue with no visible
mani festati ons of disease as determ ned by histol ogy. As defined

herein, a "QWBGh&IG361 d array” refers to a plurality of I, qu
nucl ei c acids attached to one surface of a solid suppor]ilﬂjllfﬂ(?“\zﬁo6"000652

density exceeding 20 different nucleic acids/cn2 wherein each of the
nucleic acids is attached to the surface of the solid support in a
non-i denti cal i?regel ected regi on. ieO | n. one enbodi nent, the nucleic
aci d at t acHEEF 3O FEseBUpay b &R e PYrleissstds ip WhighBe porstiuqniases axe jgined by peptide
preferred ewhisdiatenthan phephodebted mkags.d Paitfranh ekt figlddgid widedChe rvkd @om

solid suppqrt is.c N nQt her breferred emhodi nent, the nucleic
acid attac ﬁlg%@f %SS?%e}I%glﬁlref‘%%g g#mt Q{%tgr@@?’ﬁ%e @%B‘ﬁ(ﬁ?‘&t"‘f@ts&ﬁ\fﬁ‘g &- or double-stranded
synt hesi zed®Nyy, RO, pynBNASRNA hirids syathedided froth BGRn tisRreof Anidbktyactsa nucl ei ¢

. acid array accordi th L0V | O rises nuclei.c.agids of at

| east 150 nucl .ecj)xg i"ggdsh%ﬁlh1 ﬁ’r‘i‘&lf'%. %%%résf @F é’%o?ty,ons " e i“?}lﬁ’f?uéwoéﬂfl cell,
conpri ses owhing al ddiegbrompsomgEBNAhan 6, 000 nucl eotides in |ength.

More preferably, i 1 A : } [ i of ,
Fon Phan’so0. naBeEhELApoEl i CEUREY RERUGLLR oy Gl e
conpri ses &ts|teehde ng havedhe disepssor condidprbeingdesteddora it aasshrssithe eeliability of a negative

surface of dsh@auH0rhdoaRdRRGH it NPYD (BOiRRIve) /RTRAHN ﬁ%@hcggﬁi%. array
e

conprises at least 10 different nuclei'c dcids attached to one surface
of the 8olid sdpptiherenn ogusionly serpassHbbE mems skip et sopagionsbyprsowetimes
at |east 1QxfeQ ifliah raArvaibI, %Ebﬁhfleﬁ&bb@iﬁing(%n AetiAGR@G), iOmANBcI8Y haGRrOback
the solid sucgcﬁlgrt. The term "nucleic acid", as used herein, is

i nt er chang@¥bi™wi th the term "pol ynucl eoti de". As used herein, a

" nu?:lw_ei c apijd taegﬁi'hem]{n, }l;av gl_zmigeé P:emalvei\?m_aprhaih; Ejh‘é pehRérit Bﬂﬂe}tiar&s Jith positive
nucl ei ¢ aci capabl e, of. binding.to a nucleic aci er .

Conp enent 5y eSR AR b PPt B e P e fE5H8S osptaine oo ot
usual | 5t hTbughuaempk BREATar podiaep/ (Pai riPalge posival | y t hr ough hydr ogen
bond 35 formati used,herep.n, a nucleic .acid. tarqget i acl ud
natural (i. e. ,Rg\}lseé?m&n’ ggﬂTj‘eS{ormeﬁ%sd‘?r?sﬁaé%Spe% 58 lgf“?-e%eﬁjz%@é‘é{h%gl?drfﬁfgloc’d
i nosi ne, ethethay Henndaedtive df omcertolfithe pmstats. i N nucl ei ¢ aci d probe nmay be
joined by a li her . ) |, est . l.ong..as it
does not i nt er.fgggsgg\nhﬁ{g’hbgél |azn§ ﬁ@%ﬁ?@%ﬁ%&g O%S'E%Qgﬁb%ﬁ dfﬂg’g‘bq ‘

- PCT/ CA2006/ 000649 usedulsredi, ¢'pelpinetphism g weans reqpeive ypegionde anpaphkgiion aftéllils or
in whigh theneopshiityent bases are joined by peptide bonds rather

t han phosphodi ester |inkages. Preferably, the nucleic acid targets

are derived froff Updnisicini Pseearser lesipng] dneasst p JO¥A mNgtion, pr efrabindsibys, thereof,

t he nucl ei ggR&ind pbifitAedisadlaSsosihitell €- or doubl e-stranded DNA, RNA, or
DNA- RNA hybri ds synt hesi zed from human tissue of fluid extracts. 5 As

used herein, "nitPEddereieapreditnqied ip st diseatss o7 & (pigdisnosigamdy p dispase’t means that

eucaryot i Cingi®lduals aré @ﬂ]ﬁ@kﬂ'&k%r!dc@iopt SheCibeREBSRRer SN at AbhtSRE for early onset
her ei n NP\? él\lgigatl ve Predictive Va u,e% eans the percent of patients
wi th n&yat P/Be dibsass & disorder fign g2 veagrandividvaljdus fosthe Bresqgher FRe Bfapyigions

t est ed forwhibli arassasaaiSvithithe dighdeabdibdrdey, of a negative test result.

10" A5 used her eiedietn ot tEnPiSR T nierEisulsh Uieie e n BN e g
occasi onal teyndle throsheldi ofbecomag pesplestid. n an i ndi vi dual . For exanpl e,

gﬁgg?dl ng on t hf?s 1!18@&]ihé’rleﬂ}“'%ese]iscttcd%é/imil"pGﬂréﬁﬁneﬁr}géf&ndggrs"unagg l}gositla()gll'drefe:rs toa

30 localized arca on a substrate which is, was, or is intended to be used for the deposit of a nucleic acid

and is otherwise referred to herein in the alternative as a "selected region" or simply a "region.” The

preselected region may have any convenient shape, e.g., circular, rectangular, elliptical, wedge-

shaped, etc. In some embodiments, a preselected region is smaller than about 1 cm?, more preferably

less than 1 mm?, still more preferably less than 0.5 mm?, and in some embodiments about 0.125 to 0.5

35 mr’,
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As used herein, PPV (Positive Predictive Value) neans the percent of
patients with positive test result having the di sease or condition
tested for. |t assesses the reliability of a positive t | 1.
15 The cal@al%fi¥# i s PPv=(True positive) / (True + ngilz:‘*ﬁ@g/lﬁw)f%}es)
As used herein, "PSA Test"™ means prostate-specific-antigen test; an
antigen found in blood that may be indicative of cancer of the
prostate. As asewdhersi the "prossnest oframaationn WEAHS ncheesciritpaspie mutations
single ma'ﬁll &%foﬂ?u 1&o%laf§th'dtst§§e ﬂ@f@é dadltlorl%ﬁi' WERFeRbHcS 1 'so e adtEial mtDNA

sequence vartation in a population of alleles or 20 ntDNA genones.
As used Hleﬂrsémﬂc'n"b*fl@bth‘?@btﬁte‘l@%Iﬁdﬂérﬂseﬂeans a DNA nutation, or
conbi nati ons AOgdee alrein, “rdrely mtdxﬁtgemtnemiehralsludulﬁeasaelgssmdmweompomin

used herein, "predisp dto di s
di seade" 2hiodiigdugly Ker e"?"ﬁ‘g‘? GERED T‘E’sméﬁ ‘if”d?ﬁ dﬂ'g?yq?@g(%ﬁ tg Cksdae(a%[:o Flﬁs may
the di Seaﬁ.@be%llall‘ﬁm;ﬂﬁéctar skaf.e at hi gher risk for early onset 25 of

t he di sease or di so der i Vil dugal t :
presence or aﬁ%é’ﬁ?fle ) mﬁ’@f H@R%[ 5}} 2&1 (l)sc?lat g"lfl%f#cﬁe) taﬂ§hlch the
di sease @uorehcéRE ciosses tlQSthttS}Eﬂii imer ei n, pr e- neopl asi a" neans

I ndi cations a%éh%ﬁ%\?{am,n é%m t1c uta on“ ?ns?t %a%g@& Iﬁ@?&hl!len er Rﬁlh?’ﬂloﬁ he

t hreshol d of erei esel ect ed
regi an", " pr edefidend hctemékgspldrshbstretp“ dTlehd] WP@‘QBS’FfFIIS @nﬂ m?téiﬁﬂél‘l@"tgé rigid g@emi-

| ocali zed, acel T ff%éﬁ?? t'sruggtt@ ML Quﬂpﬁﬂ" M@%sedQEteﬂcﬁ'anlgé%ﬁ Ndesh & BE terms

usedforr]lg'he eposi elc acld and is otherwise referred to
herein i r‘imﬂlﬂeutalr‘ctté'rméf $olié Slammé' "Ehe|selisk wpportapydis bidkegicg, ppn-iolpgical, organic,

regl on. "ol 1c &4 ec%ﬁlbﬁxﬁﬂfxdofraﬁpbpﬂﬂewlshﬁéf & ﬁﬂ%lc@%&!ﬁﬁl@ d}ﬂéﬁiplﬁﬁ@-@@m sheets,
circ rectangu i cal sh tc, In sone

enbodl meibing, whgp%s@tae@r%@ﬁpﬂl@g%wd% §11°§ﬁ1iﬂm5ePlth éhdeézt?éfut()ff“ctﬁ? Subjggfeds a
pr ef efsablyyicod €5 é]%n sﬁrfm (%3§1gjtéhjaﬂﬁ@d'eﬂ1yléﬁ@f Qﬁ(ﬂ)@lfﬁﬁyﬂ{ﬁﬁﬁﬂﬁoﬁ’l&é} Qolystieite,
u

and in sone enbodi nents abq 125 to lr'qrz ﬁ{llg.an
PCT/ CAzocpel'yem‘@estz acbargedd e TphEAng SHch 45 fgom %@gmﬂu 8t °’a°° R ool il

Mt DNA i NGRS RBEIRAER RSBl supplraik ERS Prefurdly, htlesedne s@rface of thssubstrate will
contenpl ated that ther be_ addi.tio the es nce of

mor mal bR e A i RS AHRA T BtV groes
used her ehdudingS Bit @byylirsited t@x:pnbmtj ammonﬂydmgln&lcé,mrrﬂnetlﬁﬁt Im snerramk@ﬁtwemr the
har dI% ever, expos Hﬁg Fm i ndi vi dual . For exanpl e, depending on
the ifidi IIRES 5 OPYiGa Vs?aﬁe@ ude buttocks and heel. This may also be
cal | ed  sun- protedithedin, $ki exposad skig'eteahesksi that s} ugsally’| qreoq@iong)’| caposed to
thresholol CI" is the point (cycle) at which the fluorescence crosses
the threshol® Iine. As used herei n, "somatic nutation" means a change
in DNA sequende vaddthercinf ‘s privfested skinh mearg sis thaigerdherapsed tothgiung

substrate” or As??éd'hgre%'gmmo creﬁtﬁ&ﬁonqa@nﬁaﬂgﬁ 'oﬁl,an&aw 52191 @ud. igid or
sem - rigid surface terms "substrate” an {)llsort

i nt er Bhangeabl4 uprsirhereif, \eiably assaeiate® refers toragiyrleyq agif) B‘? &"fe@‘“s‘aéfg’o“‘?d? p gptid
suppor t " . g fiie 3QkdrHh SULRGMa dER e Borkls Olyabk&ebond) OiNiobic GhiOgétmad such that the

organi ¢, nucleic acid retains its unique preselected position relative to all other nucleic acids that are stably

associated with an array, or to all other preselected regions on the solid substrate under conditions

wherein an array is analyzed (i.e., hybridization and scanning).

30 A "statistically significant" number of mitochondrial DNA sequences is determined by or
through the use of standard chi-square statistical algorithms using or determining observed versus
expected scores.

As used herein, “subtle mutation” means low level of mutation at the threshold of detection.
As used herein, “symptomatic benign” means patients who exhibit onc or more symptoms
35  associated with prostate malignancy, including but not limiied to elevated PSA, abnormal digital

rectal examination {DRE) score, difficult urination, blood and/or pus in the urine, lower back, pelvic
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i i i i isting as particles,
inorganic, or a conbination of any of these, exis _
stragds precipitates, gels, sheets, tubing, spheres, containers,

s i lides, etc. Oten, the
calllarles, ces, filns, plates, s ,
suEst rate |5W(2 15ms]?%d| con or glass surface, PCT/CA2006/000652

ol ystyrene,
Dol yohr bonat o 25t gl bEE o puBEA Lackldbin ERN i gaoss 5 bogn by examination of
gl t%locel | ul }Ei%ynﬁﬁue@bﬁmahﬁﬁdm@heloglktereof In a preferred enbodi nent,

fbstrat o ] S R T R ep s TR T R vt e o
t subs

:g:);sélrgugp e’i‘/ﬁﬂ ectoppitesnepdedameing aged. gr oups, i ncl udi ng, but not

limtedsto, carhaxyded h@r@inn@trangmgfso}%é S SL&'[IRI ion Of hlt( F]&o%oﬁslgaeshwl(ﬁne to

20 surface is optica transparen
ggﬁgdlegggtsepﬁ h%“ﬁ“‘ P‘ﬁ%‘&ﬁ%I’WFnAﬂn‘é@twflsn W ishy ael Mlmné'xeemwmma& kh¢ "other, or in

" kin" means skin
d t o whidhens purine AsublEiettdmefiRioher. " SUN pr ot ect ed s
'?)rig'?sles rarely exPQs to hehbgun . As used herein, "squanmous cell
carci noma” neand a ty PR TARNESPIS mcas Wogtigition of Ralikasitmgenbuk duses, murine to
“stably as $’Wdt‘@dﬁm‘ﬂlef ® plind. GRS ACKEIcH BehirihSis] sﬁﬁs%\ﬁﬁerds% rcl}faccd by a

n array via coval ent
bound 1,9 ap?ﬂ’xjnfdgle P YOS efgt e to form a y

he nucleic aC|d
hydr ogen bohds or | oni ¢ interactions such that t
r gt ai gs i ts uni deesdhesil botdlg sposhiseOikinahatd & tha Isawlsballﬁtoli] gﬁﬁﬂ:l}{&lsgd & an

r to
P esel eot el Sl 10 %“ﬁmﬁiﬁsd%ém o ot B el B e dengeckangrat.
ot ;ﬁg: C)zed (| h br| di zation and scanning). 30 A
agt g[lrg%ll Ict A hds 2t seasepf  m tochondrl al DNA sequences is

tatistical
ternined by om thib@&i&@m%@% Rer A dard.echi - S
gleggrl {ms U}S/I ng “or det er i ni r??o senrvve ver foggare &QS'B@TI TOAEPIEE agipg sun

used hetej HP osug:h BRY Qi2gA9sIRg FRSATTIC iseases udviasl mussite Cﬁncdfmhahbrﬁﬁelaﬁorﬂa%n cancer
t hreshol d mfouglefc&ﬁ]ﬁdn@cfhs ofAﬁtD‘P@&ege BEL& NDia @?oéggasgl%;s%% g‘fc das:,\;g'?sﬁate cancer with

it. one or _nore S npt ons
B?E)!Steg} Z V\n% ]\E{f\éﬁ 5, than g lepa DAY kﬁﬁtsevﬁ’@t advantigese dFitsdy, ehtBWAL e tksPSMplex genome

abnor nal dé glsﬂﬁhndléletbbdiht aﬁmmzdﬂlﬂltah@ Bop(xQRE) lewnt & l%t a g&r%dnt&gﬁsz%g%%sg %{%b chmal

T cazo0d boliEs' Ak st g danmb J’ gt s Soukats ol
have b¥en vdiigtignos edatasshiyenidgsashyts Gadamiopdt Se@@;thI mtOUR ReYa %da 1ghe¥ matatlon
ausl |11 o0 BRARO0LE e R BECL IR Sl A Sinonfiols el
rrutatlonlnapo ynucl éot'1 4é & IFEPNEHKIE e

encoded arffeaiepidy cenméniggdusadodhaidgih there&lﬁe@laﬁplehﬂ £ 95matiT B R ons. Tgu'd]yé mtDNA

ases rimdine to pyrim
ur ne. to e e indl? BRR SR 3RSl Bora i vl micebordse bean bt the

by the ot F&ke mEHNA ﬁequw;qp,d'hncmn@ampmn ifrom thi§ clohd Sériditieh 8flealYy dALic! Qﬁﬁltﬁ%rﬁgy
used her e'rﬂ'ﬂDNAEdb@s‘%Y ?fo% c&?ﬁrém e?lﬂilgr%n Plset&ér%lbgl‘gabgl? tl??rxfé a#yg\zlﬂ%{(ﬁelat{]s: 1% ;p?qgglce are a
\mfgﬁ apgrﬁclfni?aﬁg qcx)fgnts OBE tang u@lgy@h@ﬁncmebarmrag dywuation(f) Py disehsd GeREsivi €4,

ver sa. consequence of there being many mitochondrial genomes (2-10 copies) per mitochondrion, and many

mitochondria per cell (500-2,000). Moreover, mitochondrial genomes can tolerate very high levels
(up to 90%) of mitochondria with damaged genomes. This happens through complementation by the
30 remaining wild type mtDNA (Chomyn et al. 1992). However, mutated genomes have a replicative
advantage over wild type genomes because they are usually smaller (Hayashi et al. 199 1), hence there
1s clonal expansion of mutated mtDNA (Brierley et al. 1998), suggesting that unlike nuclear gencs,
there is little or no selection against cells harboring mtDNA mutations. Because of this elevated
mutation rate, mutations and/or deletions that appear in mtDNA are maintained through the life span
35 of the cell and may serve as a record of exposures to various mutagens. The integrity of mtDNA is
maintained by nuclear repair mechanisms, and a defect at these loci has been suggested to result in an

autosomal dominant disorder associated with multiple mitochondrial deletions (Zeviani et al. 19%0).
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As used herein, "usually sun exposed skin" neans skin that is usually
or often exposed in an individual. For exanple, depending on the
individual, it may include scalp, face, neck and ears. M DNAI{%&Q

di agnosi syofoospeenfi c di seases I n an enbodi nent of th]écg?%@gﬂ 0

i nvention, nmethods are provided for nonitoring aging, sun 15
exposure, and di agnosi ng specific diseases suc t ftoa
and non- Retsaqverty, B @an &wptionsa et W@Wﬁ??%lggnog'%%y IQnité § ee%rgﬁglgﬁces.
Di agnosi ie@j SEASESs 5iU6Heradisepdcas Fatalty, aln oitochandrial senOMRLAD A tSABEICEH AR
nucl ear \"has several advapnt. s.. Firstly, ntDNA a |ess conpl ex
genone, nioéltcé@sfP‘I‘?“tﬁfWH%?%“l“d%cg“‘i‘g 4n i ndi vi dual and_ popul atj on | evel ..

hence a kgg pemeds Bhifpro@icabate pwsdrhinyrofioredetecthoth hejcsplismic s ¥61 poagplasniic

OIS s, et bRt AARAR Guih &f (RCEAY G f
20 vari atfuRHons; nﬂnrfg‘ft’afﬁ?%ﬂ:’é fois %&%}r@ o b fEPlYma @ f ¥ Qe

, sease, I's underst OOdabl\it?{FC ndly.

m DNA  hagiisgasd, Qtisoftlesl ohagiytye r nmaddition, @lthoughn snscifiy AMtaHR: PIEES M “‘(ﬁ%a*f P%%“é‘ ar
1992). Nugcl ear rearrangenent u eHeH 10Bd RBlalsBlifpdriantdih Sletasening the
are rapi dfs§sgd 165t grdggl‘% p?nocts%’ptﬂgﬁogatrl ;ma, wher e t hey I::)pear as

somat i ¢ nutess;ipeaence diki prafrapsiomef PIiRcash 4 S1SeFIFHRF 81 Hal i nheri t ance _
pattern, ﬂndrelsésnt en%%ﬁl@% LAl W Yol O RRlity|18 efaiitte tRhikn B h@mbiotisie @ Hodib fipids to
with the “S&mE"M sequence, hence vari atlon fr LN 9i6la0NRlaging. For
condi td ondeicsminathe kffecttert St FEOSURIHT EEIATLYT P HDNAGGes not show
convi nci ”&aﬁﬁﬂé,‘?}%ﬂﬁé’se&fin QaRbADI Basbilithtwscxaniye bdnigartisueonBodilp fluids for the

sequence are a somatic event, Any ane mtoc i boting a
mut at | on(isyseros of pre-AEoplspia deonasiaRgriYOn RYarg ma@%ﬁ%@&ﬁ@ﬁ%@o@t her e

bei ng many; N idRedand rddiose asERe by Ahelfictbaiiof S ipesntion re CHBPRIF @d?tﬂaﬁﬁ

many mtochondria per cell (500-2 i 2R 6dR0REH n@bchondrial
genones claﬁaﬂoml‘ﬁ’t"&t"é“"‘\?@?symH?lgﬁhq“g%%g@’ ¢ IGA;\)@I% %%gl‘% c%%ll;am tochondr i a.

with damegrd GenaERavolTdl Sshappent: tuhegugh wibnpiterhepdriat DOR: fymih maigpal

remaining wld type nt DNA (Chonyn i VeI  FodkatpRd it is not
genomes helve Féi)f‘?tc‘}iffisﬁ@( toaﬂ’\%z B cire iRcharial B8 ) g o 0

| ntage over wld tﬁépe 1gt_eno?res becguqea
they are ugbadd Yo Swhbethe ciay aishihowirialgenomen only a sHEstRTMOASF & /PO HnED,
cl onal expansi an.of t ﬁ%(%' lsey et al. 1998), suggesting
that unli R"é”pfﬁf F‘"été’l‘?l"(n@)nae{1 Igfgﬁﬂc are is 1gﬁ’stsl e or no sel ection agai nst
cells harboring ntDNA nmutations. Because of this elevated nutation

rate, mut deicaios ofsudkxposute] etions that appear in ntDNA are naintai ned
throu the |i{e, SRaRodmeRf ofttheint@tibn, angstemforserly eletagion of auiteiepngiial DNA

exposutes to various nutagens. The integrity of ' i i AdeBethe
by nucl eamutagpmiand meTERnETs Or SRHUNRIE @Fi lg‘?:st 25t re?%tgs'[se ch% Sﬁgisas ﬂlgeer'i:

suggest ed [ 9. [i£3tnbes! foRf thostndSanBlktico teriadt brdicgpeleentidisd Bcaapiep 13 and

with nultiple mtochondrial, delet.ions.(Zeyi ani &M delehiD20h - mtDRE 340k as
2006/ 111029, POTREAIOEEP oS el“@&ﬁ%‘é&ﬂgesrh%%‘%mﬁiw%@dnaey Punction as an

ear|y war njpgle 5@Rtdrined of6fn 2psslg. nucl ear events related to a variety
of cancers or other diseases. Finally, the mtochondrial genone can

be seqlésence_g and mrgatc%r ed for nutations on an individual basis. The
met hod ar%—g&fz%%%g‘gg—oH he present invention detect both :
het er opl asmi I sl cribodONTHS FRESAYETES™: &SHETLP] Y HRoop R riDNA changes in
het er opl asni ¢ f1Ut At i ANSXRRNEC)68Y mbBndnfiekid edreert imdinhaifpredusordegigny indicative

. ron-ije : | e 4
genesi s of crﬂsease, di sorder or, agi . lL.n,additio Lhauahn deletion, the
speci fi ¢ naftselid tymous deeioPFagYF 1§ PFBY‘E%[ fﬁgpﬁ!écru%air glhaflgérs’ & ?etase st at g,e on

di sorder 02 Rdedh RRASR ik BambidS & andutl Atsioonicl owrtipe, Hidke PHBFE rif Y
:jpsgsfjgl; moggclgggqc]t;;gged IR S mPEIEVE & AN PLOHEI] R @u?faxp%s&ié', %?@5@0_(:13&36
skin cancer. Non-melanoma skin cancer in particular is associated with chronic life long sun
exposure. Melanoma skin cancer seems to be more related to acute burning episodes. The mutation
fingerprint of the entire mtDNA genome in human NMSC and its precursor lesions is determined.
Thus mtDNA changes are established as an carly bio-marker of human skin cancer and its precursor

35  lesions. Denaturing HPLC can then be used to assess low levels of heteroplasmy at the sequences of
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The present invention allows for the ability to exam ne benign or

normal tissue or bodily fluids to 10 d](catg_rm ne thg_ effgcts ?fa;iuzg
exposure, t 130 and/ or presence o i sease, disorder o g.

FOIP exanpl Togﬁ%ﬁg%ozgent invention allows for the abili tBCTW@ARGITIGE
beni gn tissue, or dily fluids for the presence of pre-neoplasia,

neopl asi a, p]f’tgbelﬁtes oWPIogHat2d akaPrayidane yosghtdintoshd dpnelogident 3N&urly changes in other
m t ochondr i dlumantuatouens det ect ed by the net hods of the invention are .
conpared to inter and intrapopulation variations in mtochondri al

DNA, and mayn; . c ari son with mtochondrial 15 DNA from
non-i nvol veM)Ih St CLE L subject, or with nmitochondrial DNA from

a mat ernal rel at ilvaothet enitedineht Jdf @R 5S8R0}, Js@st&ﬂ?&r)ﬂ%@m@@%fﬁ&t&iﬁé & er is provided
i i [.ex it is not neceSsary to seguenté '
m {oEhongr e SHRRTE o R BTRERY LU S DR0 neceEtiry HO Merehbnies
Accor di ngl y te78in digjepl| disolers mudhas hiostate b?ﬁer?ﬁ&h %@kﬁ% gﬁ?%ea % ?‘%ﬂoﬁ’% Sen g
Det ecti on Obhrefddd : enbodl nent o ' N
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maternal background or normal haplotype variation
The mutations can also be compared to mitochondrial sequences

associated with inter and intrapopuiation variations, One or more mutations from fluid or tissue of the
30 organ or body system in question, indicates possible disease genesis. The person is then monitored, at
successive intervals, for an increase in mutations at other sites, and/or an increase in the number of
mutated mitochondrial genomes, indicating disease progression. Benign tissue from the prostate
cannot always be considered non-involved. In fact, as can be seen in Example 9, below, what appears
to be benign tissue may contain mitochondrial mulations associated with pre-neoplasia, neoplasia,

35  progression toward malignancy or malignancy. In addition, mutation load rather than specific
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benig, normal, atypical or abnormal by common histological/pathological, or other clinical methc.;ds.
Similarly, the DNA may be analyzed for specific deletions that are known to be associated

with disease, for example prostate cancer. This can be done by using PCR based technologies to

35 sereen for such deletions.
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30 hematoxylin and eosin (HE), with the replicate stained with methyl green (MG@G), as is standard in the
art. HE stains are graded by a pathologist for normal, precursor, and applicable grades of tumour
progression.  Replicate MG slides are used for laser capture, according to manufacturers

recommendations (Arcturus) of graded cells.
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degree of mismatch that is to be tolerated. The ability to optimize the stringency of primer annealing
30  conditions is well within the knowledge of one of moderate skill in the art. An annealing temperature
of between 40°C and 72°C is used. In general, initial denaturation of the template molecules normally
occurs at between 92°C and 99°C for 4 minutes, followed by 2040 cycles consisting of denaturation
(94-99°C for 15 seconds to 1 minute/kb}, annealing (temperature determined as discussed above; 1-2
minutes), and extension (72°C for 1 minute). The final extension step is generally carried out for 4

35  minutes at 72°C, and may be followed by an indefinite (0-24 hour) step at 4°C.
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consi sting of dEnsfdiiioar peyhery &t ga¢ pf%’?“glgsrg'gle% %VYEQ th 15&8369/(1% a@ "Sther
angeal by {et Saﬁ’%?ﬁﬂiaﬂaﬁeemtﬁﬁﬁbaﬁedfosmmhtabwawen 2 minutes),
and extension (72C The usin
general Iy carri Qbanﬂm“’ef %qdn%“%\?%‘)s% tﬂﬂ‘t‘ae‘yyqﬁ %&PJ&%&Q%@&'E%& rﬁiﬂ ed e ®
by an i ndefiimértort 6Bdgdthb aewly fertneqh scqbenddJunclin. vnm@@mgﬂmd mtDNA molecules

PCT/ CA2006/ 000652 enciog An
m t ochondr M8Y °g&RBHE DI&?)&@‘ fhe i OtA ‘é&a Dma& %@g%&%ﬁ;&ﬁﬂ%f d;elleted

PCR pri or hﬂ)lﬁ&m&aﬂemg PCR products can be sequenced directly or

cl oned | a _vec ch is then placed into a bacterlal host
Exarrplé qﬁﬁf\'ﬁﬁmge}ﬁ({e’%é?ﬁléc@rret hods are found in 5 Bru

and Smit h L. M And R fRaps maﬂwss@wéﬂr@nwghwcﬁaawvd%%tf’éﬁfer%hlx F‘Etfﬁf“ﬁ DNA

gel el ect L CQRDOL Sehitpcrhicd 81046 dendiomy uds A3 8120 amdkeyology and
J. A, et H gh spéed

qu b | | | ar
el ect r ophopesiss & 72!%?4?6%@8 EBSHEED foﬁﬁ vy T’gilgqt'qi’ﬁa‘y@rhg ﬁ% rsu0 1 gneypeveral
PCR and segugnehb@atth & Mpla&ordes;am bedeing I-B)mgpadsma Segiencilg, red @O, are

Strat e%I ©s pér?ol;rngfiugcg nging to manufacturer’s recommendation.
Mutational analysis of the mitochondrial genome using denaturing high performance liguid
chromatography (DHPLC)
Prior to sequencing of the mitochrondrial genome and identification of mutational hotspots,
DHPLC can be used to rapidly screen for mutations in many samples. This technique provides
35  greater sensitivity in identification of low levels of heteroplasmy. It cannot detect homoplasmic
changes but will complement traditional sequencing. Apart from the homoplasmic mutations recently
identified in turnours, the vast majority of reported mtDNA mutations are heteroplasmic (Chinnery et
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sequenci ng of human nt DNA directly from PCR products, Biotechniques
13:82-92 and Tanaka, M et 10 al, 1996, Automated sequencing of
m DNA, Metwoeme/iEazpnol . 264: 407- 421 Del etion Anal ysi Spéﬂ@A%E@(ﬁkézon
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th nci dence of
G quaniGenet R Gt Halaho gup desmmate Imsseris e crtsedfo Bogiy seisansdedentity

used tﬁ) eshdlamIINA B@ompy foP@tdréRiBmefp oh%ut%%w?to%El@QB%QV?%eh%sch et al.
t ot al %R) In addition, Southern Blot and probing techno
wi

| abel ed i sotopes or any other 20 technique as is standard in
the art may The DHHonmay del @éﬂf@nﬂedﬂeﬁleﬂ{el WREEMWBINA FARh takiyvie E)@Bm

nt a specific deletion tar

Gorng o fomsla BB o, LEEL VK Postles Ry e relet St ninedon Therpre
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for heavy?"dHtafipnsithdes paiesstagssetyehes R % delooplarmy 2on &hnvéderSm\ﬂerpadk, or a
combi nat i on Dl sbilendthgeh AESRK:SHED Y drEroth) as HBBun A S Pnee et a1, 1996)

Sequenci actl ons are 30 perforned accor Ing to manu
reconﬁsengkg?f‘ A2lYsliut ati onal anal ysis of the mitochondrial genome using

denat uring hi gjncp&écﬁ@ﬁmnﬁ&ghl @lilqti discdsh rm&g@mg@qﬂ% GQﬂFr::c(%l)r] agJ L RRivEP for
th taochropdri a enone and identifica
ot act onareRtisth f L ebRn PR ol REER, B drelome e miorofuidi

nut at i onsaniphificutiony ascamndl)ass syItlams Higtedpaddy m%lhpllir@?/ghﬁlﬁs mu&a?rg rd@@gtglﬁt and other
f | evel s o et er opl asny

(Szgﬂfllo: ! \éler%ée{%otdpﬁf e:';'féér%c“%&lcﬁarﬂ‘gléogs Bfilﬁ‘ © RFSFI WEHSPenent traditi onal _

sequeMti ng. Apafat obtammmﬁtotnethh onppkiag of the tadiédubRBochaRiaRt é;)sion;e!r debipdrdded

0y o Bl S SR B BB o

1999) . Trﬂé@éb%ie%bev%phaémbb e [DRjAbash eonpérs infosuzkion Emmt theerfi rlimatsiudiss. Of The

het er oduglogusn &k 4196t ReRintahdd ik Ehﬁa%ﬁéeoﬂnﬂmtm«?%a%%%an IBaLﬁecfj Scr eeni ng

for heteroplasmc mt DNA nutations 1s erelatlvely
new t echni que @Fﬂerﬂ’é‘hét”?}ﬁltidﬁgﬁ“ﬁ‘P’@hC‘ﬂé@@rfﬁﬁﬁeleddiabqﬂmf}d ckuhcrabamjtlmgoaq[ahg}ata is

( DHPLL3) uééa?f;vﬂieli p&vfd@ﬂﬁé Biollhfonﬂa%%ﬁasmnﬁ‘e h&sh Hethg' @tﬁlegtﬁ)@e&%e&]& a0

t and identify 5 whole nt enone
EZte gr ogl rfgs %‘8’?8 ﬁ‘{ &iop Sﬁéss?ﬂid%m}\‘/ﬁt lgbaraieriss gvelned '(N@F\ venare. Hbs ditatase is a

al . 200®§ntralized electronic system which links networks resulting in a dynamic and powerful resource,
The database may be accessed through any known means, and preferably through a secure
Internet pathway. Preferably, the database is developed using an e-commerce algorithm, built on a
30 server and deployed using an application server which supports a high volume of concurrent users
through optimized performance and scalability features. A separate "web" server can provide the
foundation of the web-site architecture since it can serve as the central point through which all
content, applications, and transactions must flow before reaching users.
Data mining algorithms known in the art are used to discover patterns, clusters and models
35  from data (SAS 2000). Moreover, intelligent algorithms and methods will be deveic;pcd for:
occurrence of mutation and mutation rates, patterns of mutations for disease detection, information
retrieval, and other complex sequence analysis software.
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The DHPLC nay be perforned on the WAVETM DNA Fragnment Anal ysis System
(Transgenom ¢, Omaha, USA) which provides a fully automated screening
procedure. W0 20054 m929 t echnol ogy can be used to screen f @CTrdA2d8000652
het eropl asmi ¢ mutations. Preferably, the entire mtDNA 10 genone is
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35 from data 00). Mbreover, intel gent al gorl hnms™ and net hods

will be defay @tﬁp mffhod Schhmdieion vy wutlsa orfefafblyndt AP0 rs Pegdedhich has

patterps OI)llgBch%il&qﬁoﬁlenthﬁ@@S @18 86t thikted e b0 afiBE EdBol Préde! ICBMAbroially
X sequence anal ysis software. 2006/ 111029

and ot her co e 1%

PCT/ cmooe?veg%éﬁswama& P &5 MIERATGYIATRT SRS e BHENE ST FifcATa eaRfaTpfhousands of
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o nuck ool T gh RV ERTE teleRi b e, B SRR o gER A Bra
det ect ed, s;guemmjanelammevaﬂfabldats'emgensu}mbscag prostate cancer,

non-neg@no%rosc};;ag cancer and

Polynucleotide arrays provide a high throughput technique that can assay a large number of

polynucleotides in a sample comprising one or more target nucleic acid sequences. The arrays of the
invention are useful for gene expression analysis, diagnosis of disease and prognosis of disease (e.g.,
monitoring a patient’s response to therapy, drug screening, and the like).

35 Any combination of the polynucleotide sequences of mtDNA indicative of disease, aging, or

other health related mutations are used for the construction of a microarray.
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5 the like. The target nucleic acid sequences to be anal yzed using a
m croarray of the invention are preferably derived fromhuman tissue
or -flui d wanpdsasi02dhe i nventi on provides for target nmdrﬂipczo(&mbutsz
sequences conprising RNA or nucleic acid corresponding to RNA, (i.
CDNA), or DNA. Nucleic acid nenbers are stably associated with a
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t he ). 35 A t he
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Dt o o es 0B AT SR TR i ge SRR BT TR 4 Agts Matng P apdiy e
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t unour s, n tissue arget nuc
30 Shdes also enable the targeted appllcatton of reagents, are easy to keep at a constant temperature, are

easy to wash and facilitate the direct visualization of RNA and/or DNA immobilized on the solid

support. Removal of RNA and/or DNA immobilized on the solid support is also facilitated using
slides.

The particular material selected as the solid support is not essential to the invention, as long as

35 it provides the described function. Normally, those who make or use the invention will select the best

commercially avai]abl‘e material based upon the economics of cost and availability, the expected

application requirements of the final product, and the demands of the overall manufacturing process.
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acid sanples are contacted with pol ynucl eoti de nenbers under
hybri di zati on conditions sufficient to 5 produce a hybridization
pattern of wongkam®nt ary nucl ei ¢ acid nmenbers/target comuraxeses000652
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35 it proviodgsmtﬁh_éadagsctr“i%gfgge %ﬁcﬁ&(}% F%Aﬁ?tgn%%%s{r%gclola&}gﬁ%gggm \?ﬁ%q%ﬁ% og? confrol
use the i rif@IsRGeoRing e saracprisers. (This Mrvides ancipigmalrstanddrd (hatayay] teapgdeo calibrate the

materi al  bEcReRadiiefN ThOBigk QRBMAFS ity BShel @R Grad¥ipedhd Lo Y intdikd€ standard for
expected a of the final product, and the

i cati requi r.enent f . 8 :
denmnds. of tHIEeBEBAfE awawleffia?gfmﬁ%@dep 5L prototls ol PRoge provided
PCT/ CAR00614 BORGH2tocdN EGOIdS taTRlethodisana rpplictchsf Bhis at kg chwamdntic Bfesd IR. NY.,

nucl ei c a% %of%ﬂﬁ%?gﬁtaﬁ'é ar%};lﬁicgt%\ﬂ%%hiogsninéh?de, but are not limited to polymerase chain reaction

(PCR) (Innis, et al., PCR Protocols. A guide to Methods and Application. Ac;'idemic Press, Inc. San

Diego, (1990)), ligase chain reaction (LCR) (see Wu and Wallace, Genomics, 4: 560 (1989),

Landegren, et al., Science, 241: 1077 (1988) and Barringer, et al., Gene, 89: 117 (1990), transcription

35  amplification (Kwoh, et al, Proc. Natl. Acad. Sci. USA, 86: 1173 (1989)), and seclf-sustained
sequence replication (Guatelli, et al., Proc. Nat. Acad. Sci. USA, 87: 1874 (1990)).
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the substrate (a process referred as spotting). For exanple,

pol ynucl eoti des are attached using the techniques of, for exanple
U S. Pat. 41827, 522, which is incorporated herei n@f,@%@yog&g@
for teaching nethods of pol ymer attachnent. Alternatively, spottl ng
is carried out using contact printing 5 technology. The anmoun

pol ynucl eot i dEMpinéQERt PIidetln [ehsih oLeet 16 bRrY Preve i ?’Elyéfﬂnytd&t“table

provi de h@arker adeguakeeiydiot icapbrard iand Edtrrt nHn b@fusddamgte& invention. An
polynucleo ces dur n t he ay i.n_ which the . array s

Eip! oy ed SRR RE G o ROlEHe mer P AE i A ey eed
associ at et quaﬁtiﬁetlhleeteceblel lebeswpmbtet foohisetil &ea:rarsery mventiin ihceaa?etana bmn;iomﬁonl
ggoufr if ﬁ.ﬂétec able e?ye sgzeﬁ (JSSEOI]ngO ttoc%emlbngmaﬁmmﬁ 1m &%‘8‘3{&% elech ca{xl Opte caﬁ 01{
wi | | usuahdmycahotearsx clésstill labble it t@Oprcsgnt mzwencm mtiedmbngﬂnefcm samnd; withriebeled

is "spot t
oot Gl Sy SO AL iR TR A AL
f rom abotrd, li‘edalﬂeﬂf‘égI@G}UﬂWﬁSCE@*sEralqnyaﬁdrtbﬁrﬂﬂ@b(5%13@01@918&@)3 2 H00L ﬁﬁ%n@, Pﬂbr]@,

usual l'y £x ﬁk@(@@uhor@aﬂsﬁ pgrg}ggasénalk%gtph&bhapdgé éﬁﬂ%%ﬁggﬂlﬁt&ﬁy U&M 1rp'£"1 ELISA),
spotted on the array and used as target expression control

pol yrific| awt iceledmetmic) labrls niaeic 1as cobridadleolduen edorrdladnst o ibstie 692 polysmene

non- SpeClrpIﬂyﬁo@léash 18, Qdic. )cséa§§ Patith Eda@“ﬂgaﬁié Q!El: sfosueh RBLY ihlde Qb b dfat.i Mos.
t he sanple obe is_directed.

M smat ch 358 6BHs3: ?Wdézﬁ?&gééq é%%%“éh‘é%’”ﬁwgﬂ T b‘%z%ﬁdl"'owé%l -specific or
not. For exanpPlegs of ﬁetdch@ duell gedls drSwelPnoe R R thdsbef sﬂkﬂl’ﬁlehbtdrty TG, fdﬂeﬂimple

r obes sho be ¢ nS|ste tl ri ghter han mat che robes
D T om Rty Rer? et O e R0 i Ao BEDRS D e ec Ty R e RS B’
ar e used ntag bélétieeet! udngratatodeetor 2cheTmregeﬂtedpngmpanmnawlaﬂ'dﬂeart qapgeltysdefeaed
';Tg; B1ecr g‘ér &4 %1? th%[ergzygn%ul%?i%uhsﬁ&c %nta"érr%{!m% lh'*cJ fgct? ddga é)rodu%m?)ﬁﬁa% ‘acto %of
hybri di z8tei eozvme‘@mehmubsttatd, hnd cmlmhetrarlabewatel deteatptpb:eemmtyevmmmmg/m'atcéme&
anplificgplon nmethod is used, if a quantitative result is desired,
care nust e taken to use a nethod that maintains or controls for

t he rel ative Thelgursmodyds msbrrpiated g dfia@dmxs opotaps rell saminde shosavidtskib ds
" ganilet A | NGvev@ TR 4 blefeftd Qrﬂbcﬁ{n%nf’\’%e TateD Q%Jlﬁnetohﬁf ?anproﬁ{Sh |d|.1r1dgnthe

the art. For exanple, quantitative I nvol ves si nmul t anéousl
co- anpl i RyPEFatenis i the FERVRECH %FhEéaeﬂﬁP?lmucle@@a%eﬂ% feeeh@pkeh@lwr?ée

priners. cfdH SadibPWCRS $itR hbbIed S orsaberaﬂimcfkoﬁ&amlnwwb@a usaek at:@hﬁcauon
calibrate the PCR reaction. The high den t hen | ncl

arr
probes spBEAREi B & R5elemRs SbodFR| TADpCHR Ry P! B?aXOIaaaﬁ%frfhe%(a‘fqveﬁwes atl%éled
anplifi eeludmh&m(&g embteelﬁm—lmleal dJHd aﬁxmt OTB | igcdrpotateuanibel aftd \ig: E@&@e@

POV 000 Sond Bl SHORBFLS 10, B Byt D B0 0 PR Rl PR
anpl i fi cédg OMRNA] pudyks mRN, mHHA, biof oatoghaahplificatioh @ebdu@ afiad Yreremplifeation is

h - t - i - -

A
| i gase ched includsafer ¢xample m@h}rar(Sbeen angndrlabelipg (¢ sawith 2 BbrlehRY4) bkinag@g of the
(1989), &!é-l?ﬂgﬁgﬁtﬁ Mind @&bs@egent aﬁ&:‘hﬁ@rﬁ?hga%% of %%%émﬁcl-e%%@g 1iARd cﬁiﬁﬁg {h@gﬁﬁple

et al., ne, 89: 117 transcrlpt|0n3 arrpllflcatlon(
et al?0, pplypuclepiderto a label - Scﬁuo pkeX)- 86: 1173 (1989)), and

sel f - sust ai neﬂl a PREUEN eRbsERt, CAd 10fdt (ARURLIAEd bne @tm@t .contFdl AleciNad which
Acad. Sclh UsA, 87. 1874 %19901)“ 31 WO 2096/ 111029 PCT/ CA2006/ 000652
ybndize to ¢ | probes ¢cro ted fro

onfro the array to normalize signals genera m the microarray.

Labeled normalization targets are polynucleotide sequences that are perfectly complementary to
control oligonucicotides that are spotted onto the microarray as described above. The signals obtained
35  from the normalization controls after hybridization provide a control for variations in hybridization
conditions, label intensity, "reading” efficiency and other factors that may cause the signal of a perfect

hybridization to vary between arrays.
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The invention provides for |abeled target or |abel ed probe. Any
analytically detectable marker that is attached to or incorporated
into a nol e¥0i2e0ermaye2pe. used in the invention. An anal yidig@ido¥soooss2
detectable marker refers to any nolecule, noiety or atomwhich is

anal yti cal fibrifépderwaditiend quantified. Detectable |abels suitable for
use in the prespiinubMRRHySiiA6H HIEVARMAANPIHchdi @0 ProB o Sl AR hEIRY acid
spectroscopi c, ph{gt ochem cal , . bi ochem cal, imunochem cal, -

el ectri cal e apd fargst polypelsptids | undrs sonditiops whegg the PERbE o farget eelsiy widomember
i nvention addGisud@pleeithi tdrgat csl ﬁhﬂktﬂiﬂ% ngib dh @@%‘ lﬁﬁougﬁtc&ﬁlﬂbﬁééxita‘ij} Base pairing.
conj ugat e, ..;agneti.c heads (e.qg., ngbeadsTM , uoy escent dyes .
(e.g., i u“c}?eelg’@@?ﬂ?"t@%&f@%t dgrﬂggfm? R ges gedhen st wak isaving fhe hirigized
and t he | i kdynucleaidieo tiabe daeds, gpicalBHihrcligh lda3&ion of 4€, att@idhed AR}kctable label. It is
enzynes (e, hor seradi.sh peraxi.dase, .al kaline phosphat ase and _
others co e%%rﬁl)l)’ %g(fegalz?%{hgtnp O%E‘F%%n,gesfﬁé %ﬁﬁ”&%t”éﬂ“@@i‘r}gﬁge feﬁﬁgf@resoﬁéf'?“ﬁ?ng
col | oi dal thekalt wncepwition @fithg baffs contaiphatt palyfulegtides. pUhdes toyw @irezency conditions

PobLPLoP 08 o Sl e T4 R SOhe) RS0 4008, Sl

3, 996, 345; cONARRA4 g, cN2PHA A9vill dorth &ve@GtieR4the alvizalnd sefuerbed exetrioh gerfectly

such | abel Quplefhcleyl THAWRihchy LRG3 ricar el rbakh ANGwll hring WS  cdrBbisety, at
\Y usi ng I Tmor

exanpl e, radiol abéls may be detecte ;l) ot ograghl cril .
scinti | | atHgRr ebneamey -2 highsr dannsrefurarar Jowes salt) Sucaepyfub bybelidizetionedauires fetyer

a phot odet @&i@Ehet MEBIRGF ofhhikih@ By bkii@hon cEUTGARAE Grel ARG S t0dh&e of skill in the
typically detected by ?row ding the enzynme with a substrate and

. he y . e
det ect i ng FHEer e&cH4vBIIY Sertirifics iBiachsw sy aqdidolgaiiar Bilegy, Velngt: Epybridigation
on t hle_ISS_UbMtJi ﬁél%uclﬁ&die%ﬂbl@é’, Eml‘l}sgeinﬁedl l@l&@lc;ﬁ, w.,e(ld%j)ﬁflt ed by si md)l )l;
visualizing t ol ored . | abel " e | abel's may be_ incorporated by any
of a nunber of %ﬁ@%‘i’ﬁ@g &gﬁnfi‘zﬁtf‘i’(‘ivﬁ?“lﬁb”{%g@b%@%RP]FEIEI‘idrROIWIGPH@ igfefioved from
However, ithe auppoiefsedfacedcoamndeilyrdntwashife theadd@! gehatihb NI bARACHUBbYdized target
i ncorporated duri.ng the | i fication st in.the preparatjon of the
sanpl e polpﬁﬁ'ﬂ% Llleé)él? ‘??:Petg? S“?%ha © supfase B AN %t,evpaﬁlbfoﬁ%‘ﬁ?sa‘g%hg@ﬂé‘? W"ﬁﬁé’gﬂ‘fﬁ Bihe
(PCR) wi t hurtl b ehagycbepusedre TBe asultastbigbedizatioe beetns dé $abeiked, | hypridized ddig@ucleotides
| abel anphkifi L1900 . rred. di ment , :
transot pora! iehblpRioe Sl houalsly @ dELED L S B AT papiggr mommer
nucl eot i deof deeagon bdinghesso biasad drathepastituld2bed nithotest GilPhucleatds; phiratepsseatative
| abel i nt >t Cr.i oW n i . rnat j el
may be adgg{é&%ﬁ_;ei%?ﬁy H%Cgl%? hicirhgﬁlﬁ’d&){ ngﬂn%gglt’ y%gog?dé%aﬁ)gyé gg%ﬁ%%%e ( @Fggs.%,@mem’
MRNA, pol AR megspsmenit lighy engpsiongnepsyeemgniging the &g i on product after

the ampl i f/.eatdosition ala MR £lafss Means of attaching labels to
pol ynucl eoti des are well known to those of skill in the art and

include, for eXaliries hbeidizetionsad &yi vshing stentdl andigrembsqgpepieiregimepyst 43 dgscribed
g ?{39| ﬁd R{N@évlepﬂﬁe lf@sﬂl@a%'t H%&fzatldﬂ%att@?kﬂc%&éﬁ&&loiﬂ i&cﬁ@pﬁﬁhﬁ%ﬁt ! e hybrildization
at t achnmen i gat.ion) of .a polyn i i nker jQinin e samnple .
30 pol ynué f'ée&’i%ﬁ ntf‘bs)t}émi Ngré Va}‘é?ﬁﬁ*ﬁ’ ?age]f"flﬁB‘F BPRBY & .8“1’%‘?‘13’%‘%‘@?@9@@[ which
enbodi mentis méanethbtethg@gnalvrdrh each Gpat dthe hgbridizativn rvell 6O Hikdstled BB @eiphresto a unit
whi ch  hybgi di to.. trol prob on.the mcroarr normal i ze .

si gnal s ggﬁlg?g%%amﬁ ?lg%%tt%ee& Qlcerm 6%r%rb %o ko ovf‘a%lg'ﬁ%r ?ﬁ%d?l%%%%zméﬁt g%y?uﬁlgﬁtgfssm
are pcPynubkiagtceud oseyeletecelge ofthe copy sumier bieell gndddwisll engenthariy hibeidized to 2
control olphlggﬁig%cggﬁ hﬂﬁﬁ*a}ip% SRSk t%gg?'ont o the mcroarray as

descri bed above. The sigrals obtaine romthe normalization
control s af t er MeyiBes @r pualizion tsrdetnicaliecisd domthybridizagen tpeariarg 4roms!! knpwn in the

hybri di Zag#0lFor 6a0#1! WAAS dete@BE lof hitrBRSHdh Ynvolve® 8 Hub@scef hief | @AGYK 2180 can

ot her factors that may cause the si g_nal of a perfect hybridization
to vary b dclpdethe stepsRf determining fluorescent intensity as a function of substrate position from the data
35  collected, removing outliers, ie., data deviating from a predetermined statistical distribution, and
calculating the relative binding afﬁnitﬁ of the test polynucleotides from the remaining data, The

resulting data is displayed as an image with the intensity in each region varying according to the
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32 WD 2006/ 111029 PCT/ CA2006/ 000652 Hybridi zation conditions
Pol ynucl eoti de hybridi zation invol ves providing a denatured probe or

target nugbehdsnambgl menber and target pol ynucl eoti de peid@Roos/000652
conditions where the probe or target nucleic acid nenber and its

conpl ement t et. can form stabl.e hybr.id dupl ex
conpl errert?t’a?’% E,%gl%/ quﬁga%?’%ﬁi lﬂ%ﬂnk}%ﬁ)@?eéof’ m%’és e]li'mfcﬁ]eapéjeg & i st
hybrid dygplygxestis.e then washed away IeaV| ng the hybridi zed

ol ynucl eoti d b cte cLi e
o0 el S0 O S| i L Y, AAIUGD LR Q00 s
pol ynucl eotntiiée: infognatien ahouttbdgdnytlmpmﬁifeﬁshedgiﬂet‘Eﬁ éﬂrseémimualleeﬁdé sagpple that was
decr egsi gg?tacya%m‘ﬁ%lxe dag%? ﬁ?@&g‘r%& riBbathoR ﬁatégh'lf ss%ellca%) %%hﬂﬁd%éaﬂ%urce from

pol ynucl W stringency conditions .

t enper at wwhishairedatsted trggh pelaiuelpotigy SRl Wispledseds By gengtic Preﬁi& m&%ﬂt information
RNA: RNA, %1% mlg %ﬁm&uﬁzﬁlgrem tﬂ%mﬁle%!;'mft@ﬁlﬁfbﬂh@lﬂyp\é@@if £néshe
anneal ed sequences are not perfectly conp %tn a}t%ﬁ‘\)’l‘?’ speci fdl Ci Lng
of hybr i avhichttheyrirg ompisggpag. 2t Vellaidie Py vw&@h \FACRPARFEIRE ?“y"P pide m
hi gher stghpgency (e.g., hi gher tenperature or |ower salt) successful
hybri di zati on requires f m smat ches. Met hods of optim zing

hybr i @i za{%‘i’%ﬂs“(?(%é”og”"dﬂ% ?e wel | known to those of skill in the art
(see, e.g., Lata@ma;teﬁxroyi ieﬁdwlfmueﬁgﬂoﬂlc&eﬂchﬁnimm)g dinchsdvb| Elgeu ingention also
T Psoen, rigdeefEppiepte <Rt noRiguae peil s aphRtiE Rl Role S he'hetod
non- hybr iod itz édehtimbsheptewnce i Hisdaed cecmemaﬂlept'ﬂrcspm rtcutbcrﬁly is detested by obtaiing a

pat o1 - QAP P SRR, R PR P EP pBAEL ok 08 i o

pattern arg trate
sur f atse. msuaamm yThehuqkacsmdseatrmtqd@wm ther semilp dadibridized roaseariay copariping ¢ pplid

the art ﬁl&% QUHWQf mIEneF: a'fcﬁﬁﬁbllrpo@r@twﬂaycm dabH AahbeR s iRBLES HShOfresence

| abel ed, onucl eoti des 20 and/or pol ynucl eoti des may be
vi sual i zed d@?ﬂSﬁ@‘taemdeﬂdosith & a/disspeetoy diggrderg fecordipe th ﬂt‘%‘@‘%ﬁ%“? St Pléh“dlza“on

manner  qj tﬂ%&rﬁﬁ& !:d?ﬂm'?ﬁg 9\%1%%@9 oA} SfréHhcleid BeiB dctnb&rd bt the |aﬂ£y3||s ifdfcative

the test polynucleotid where representatiye de #ectl on, mean

| ncl ude U FRIEPPOEIn I T2t S5t B4 BpFAFe © § UepRSisdrdndiostive of &

rreasuioerrqﬁ{mtsgéaﬂoagdtmlrapﬁ measurenent, |ight em ssion nmeasurenent
and the |jke. I mage Acquisition and Data Anal ysis 25 Fol | owi ng

hybr i di za{flfbon and any washi ng step(s) and/or subsequent treatnents,
as descr ikigdconainingercagetie and sustrocainds ﬂoydarry Gbmzatblrm'nhopatot‘ elrenprpsntdev@@medre

I n detect | the h

|1 det oottt el SRR WP RIMREL L R0 BRLLRTE, oditg AhSRSEN
quant i fi etjetiys, mhiiaiddns, Hegraplamies, hhaeplasmés gi gmﬂ smmﬁma@m&,ﬁq angh Bysupssqofpged
hybri gg z dJ &I’%g Tﬁ\éo 1{ nﬁ? afsrg 1@90:1@'3&3&9 B}?ﬁér thltcf?hy%nuﬁ& fo thé’rﬂitdéﬁondrial genome

correspondi he”si g emt novvn nunber of end | abel ed
t ar get poﬂoymiemmpmmsxnemu@@rm@tauwsanac@bmmcque alselisl wpRoTh AFtLRs fofisnoppble

copy nunbgl, RE.8aGhoRRE theaBRd fepdra @Sl fdrRAkactidn SHRONAI 8@ ehebr® B access to a
particular spot on the array in the hybridization pattern. Methods

for anal y‘%faﬁﬁef’%‘%%fq%?qsect ed from hybridization to arrays are
wel | known i n Hohexanplel a kites de&%ﬁd’rﬁﬂlﬁm ‘Mslai‘oﬁ achetisted vl poktatachickdhaahilode

i nvol ves | uo cent be dat a_an can include the steps of
det er i ni tﬁ‘bzof‘fﬂﬁcg)?@srﬁvéﬁfgg f"@ﬁg’lr‘faﬁe i agtt ]ﬁ“ﬁ% ’on of substrate position
from t he dat a S3hilelyl b dittiedeteat @noibiNAgdabetivh iasspeated wigh sunderpasudewi MBSHgnay

froma predel3ad PRt Ha% Sihéahe 08 hlobdHbLAR andflbructions.
Other utilities for the present invention, such as that described above and in the following
examples, will be readily apparent to those skilled in the art.
35 The present invention is more particularly described in the following examples which are
intended as illustrative only since numerous modifications and variations will be apparent to those

skilled in the art,
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calculating the relative binding affinity of the test pol ynucl eotides
fromthe remaining data. The resulting data is displayed as an inmage
with the i RE§9shYighd? €ach region varying according to t

2006/ 111029 PCIT CASO0G 000652  binding affinity between Hicadmotifes:

ol i gonucl eoti des and/ or pol ynucl eotides and the test

pol ynucl eoti des. Follow ng detection or visualization, the

hybri di zat i m@atltlgmgt {esr useg to determne quantitative information
about the ge?‘n I'c'pro f19°¢"80M Y he | abel ed target pol ynucl eoti de sanple
that was 5 conFebwad asitisitianned penstetgyfluidoorgargery 4@ eerokie plosthie jtuthonrs; biopsy slides
pattern, ag. % arefl o H%hﬁph?l lstgllngﬂé Gra}:an&QMﬁcE@lIsf rQ':{BEIV\’bé.}RLt}e tl\@l@roh@@.@doﬁCtLCM)
target poI yn eotide sample was derived i/ genetic profile is neant

i nf or mat i oAtcreseeRYiTsatorisplate sefehatgre qberypmRel. Se g @smAizBANG fom the tsgye section.
sanpl e, se. grocﬁr@m&ﬁBf@seQéchﬁﬁ of MRS, fth &%?é%&m&@uséém&khvﬁmﬂ%/ga&ﬁ of cancer cells
conplenentary, _as well as the cqopy nunber of each particula

pol ynuc! eofsirgsiblgfremgmongdbaspaoundins biieageaeort ¢dr Prognostic Tests The

i nvention provi g&s 104 eftiad@AGki dct @Fhese e wal@BEdd A@ralhSRATRIificdtid of the
invention also provides for _prognostic_tests for rrﬁnlto

pat ient's p@%@ﬁg@ng%b;tw&w%gﬁnglwew - n]aNf\dvaf geirapied Bod cel[ﬁmg‘ﬁeﬁﬂm volume of

i nvention, 1&1@&1@&&&@5@@&@ ),0h $GASETRpH 813 PaMEEDT A pﬂeﬁma@elvoorween 20, at
therapyls detected b taining a fluid or tissue sanp {_ r’qﬁ
pati entld A*ESGHfEER %P?V%@C%%qn&vemg@. HATG theytehes veRg ‘?’P‘B’Fr‘i‘ P theppption

or 15 ti ssu@nsaﬁplsaenp1éEhﬁ:r@hhcclr&b&nﬁgddckoﬁs<hﬁraat6a@b ﬁﬁrﬁ(ﬂ@@h@gﬁﬂ?ﬁ'(ﬁp&@em was
hybri di zed to an array conprising a solid substrate and a EI ural it

of nucl ei creawved fiemphs wbe apd dissarded o Che fhspiss IPQbpipRple gy ular & mimppes (B is

presence @hctAhSOARR Hen oPEEUD SRS idhRANKO RS SEARE s@hpleliveonded for PCR
According to this diagnostic test, hybridization of the sanple

conpri si ng*RIEC#I%8: acid to one or more nucleic acid menbers on the
array its indi CaFdlM%mgqfunﬂtaﬁ&rﬁSﬁm@ana&nﬁles Qz@&hiphﬁdal prH-Rﬂ]lBMtg&h@ﬁppropnate

di sorder, or in_the cas. ostic test
patient’s PrIRED FRE &YRGVAA aflekél? éeﬁﬁ?nq ?ltg’g) %i@mfvfn?e:bi ’Eeﬁwrrﬁ r@% e%{‘ge en%re 1%9 region.
i nstruct i omkesé PCR an’oﬂiyctmé therheequietel ogleg logh thiveghpnteselntds sy eelt lmown arthe art.

provi ded. For e ?&P 1%6:1 ]egét% E&gpéehd%? E'nedggg gﬁl]ﬁlﬁ%ﬁl gsu'l ﬁé %‘Iﬂrgééé i H3ble

for detecting m el'etrons “heter
honopl asmi &s Spasifici csstue asqbemptﬁﬁc@tlcz;lamﬂl‘é’s degivel frors mégr&stsmmp'atceﬁls By Geason

fluids 20 Th%raiﬁ!: cells o %ﬁ%ﬁa&&?%ﬁén Fan® B Qils £ ;‘cﬁﬁme&gwgfaﬁ&"may be amplified.

hybrldlzetothe mto rra none for ma primer extension
product . KPthsr peestaty|tisenes r\r@ichd@uld a5 aredarmnlifipd includere mrogietia ingipenifbdigh negplasia

chip, ma”&lﬁprbeﬁigﬁ Qi Iﬂﬁ)eﬁ@flslad(Bi’HPH%érplaﬁ?@f‘$arfo‘3§ ¥4, Fs@bihd, Oa'ﬂd Qtells with

nt DNA and neans fOr access to sequences.

exanpl e, auldetermipedgbpnger sy Wasd@Pf‘e?q RS?F"%%%%R?F gf”éél \R}df‘ﬁd“ﬂlls 8@?%@ have a

cancer nmayphisbdissy be%g.lsE Gf?a fn%ﬁt!ﬂ@ﬁ:&hc& @Vsef’ﬁlﬁbe:ﬁsﬁe RypeSTRER caft6rad @ialignant,
and |nstruct| ons. Sim/| e ect Wel tion

associ &t ed2digcen bepign é?@p@)‘étﬁ‘i‘té’eﬁgn NRBG“?JP&‘)‘} "‘FIFF&I R ea5P PR Wanehas @
priner, thgos3BEnoRdRbRed fisLRORRES. amﬁhﬁdas&r uﬂtsb@a&:mgaflﬁege datripleb tdsfi®d in the

; 8[ | E)\r/]\llengr r?osvglnrgautlat?o\lllg rs]éelnqg Tabﬁ ﬁh ’I‘%c muta ons 0?%‘01513 Q are d .Q)Oprgv:&r& n SEQt[BeNo: 102

which lists the substitutions, SEQ ID NOs: 103 to 109 which lists the deletions, and SEQ ID No: 110
to 138 which lists the insertions. Polymorphisms and mutation positions were determined by
30  comparison to the Revised Cambridge Reference Sequence (2001), however the historical numbering
has been maintained such that the deletion at position 3106 is denoted as a gap and the rare
polymorphism 750A has been retained. A subset of this data (7 protein coding regions) was then

subjected to principal component analysis, as is standard in the art, with the following results as

shown in Table la:
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exanples, will be readily apparent to those skilled in the art. 35
The present invention is nore particularly described in the fol I oW ng
exanpl es intended as illustrative only since nunerou
nodi fi cat Wg)nzg}&éﬁ&%%arl ations will be apparent- to thosé® T%‘I%‘ﬂ"?“éﬂﬂ“qsﬁ
the art. 34 WD 2006/ 111029 PCT/ CA2006/ 000652 Exanple 1. Prostate
Turmours Fol |l owi ng acquisition of prostate fluid or surgery to renove
prostate tunours, biopsy slides are prepared to identify
transforr‘rﬁ%" cancerous cells. Laser Capture M crodi ssection (LCM
m croscopy is used to isolate cells that are either normal, benign,
or malignant from ffNBibd SSYELHSERT ! or&dja&n{-’r oG 2RRNf Ugho%seased cells
of interest, such gs precancgmn@ds Fakhign Orf i nvadi ng groups| of cancer
cells is possiblelfromangng the purroundi ng hetefogeneous cells.
Tot al DNA extracti gnfrom-gach of | s was purified accordi ng
to a nodification ¢f 180f0% gr AYEbI | 08OPTongd BI0%Ar c} uPd8%Engi neeri ng
Inc. DNA was extradqted fromcells mth a 301 volung of | |mg/m
protei nase K (PK), [TThgGBM |§5 HoDH 8935%,0 [TRVHIRITA g@_@;%:;Jgand 0.1%

I

Tween 20, at 10 42¢ overni gh Fol | ow ng i|ncubati op overnifght at 42C
t he tubes were remjved frnmthp intubatio aoven [The sa es were

m crocentrifuged fqr %2.8n |al2.8W60 TRE-8¢%pdur et was

rem)vgéj fromthe tdbe and di scarde ) ncubat at 95C
for 10 m nutes (PK[s dolLLl m
tenperature. 5-501 |of 312?1/ dl?hh ation. 15

Fol | ow ng purificatjion, i nC| vi dual ified, by LX-PCR
using the appropriate primers for hypervariable region | (HVI),
hyper vari abl e Thegesolts &niohbid)e aariehr phiemearftmatignadt2tBnsfognation. Na'thls@ssmood)

duct h
E:]gvmuc| ?] %a X maﬁlﬁ%gt t%?l.{%uesﬁ%le?l&}{?lu&g}n fr?qqeﬁcles?ﬁ&b Pr}lééocﬁ)t H.thr%Ttmglgha%%c and
may bes ambtarft bedgnuboth gt whieh mpﬂmplsnai m a'ITa_d:bdl@waEandSpé]g]oglp@ Scraptsmveleaeﬂsjof
lifi i . i
L0 S o U A, T AP oy e P

a "dist anmfercbmmlynregwrcam sy dide weargphlydell byla naor: ethp%@tlaﬁt@d@ﬂdsmhegrt with
whi ch coujd oﬁggngpegulgqul.}otvhgpraugq{,udes prostatic intraepithelial
neopl asi a I(- I\b benign prostatic hyperplasia (BPH), hyperplasia of
various types, stroma, and cells with wundeterm ned changes. This
work was GUgte ibon prostate tissues from31 individuals electing to
have ap prostatect is. Three
ti ssue types were capBlovdd: , [28dizditace nd di st ant
beni gn from each in ivi dual . I‘UQiSﬂfrom ém&n patfent was u ed as a

positive, non-dise te-€ —A caft re—siequenci ng
of these sanpl es redul 9%%0‘ i‘gowﬁovel H\'QP"/ ationg ;Uéhé]r( Tabl e 4.
The nutations of Table 4 are &l so provi|ded in SEQ I D No: 102 whi ch
lists the substitutijonss4zeEQ Flh.0des: 1030002109 Ww3iEzed | Sstfs t he

del etibpons, and SEQ I|D No: 110{ to 138 v% ch list$ the insgrtions.

Pol ynor ph| snms and ation pogitions ware determined by 30 conpari son
to the Revised Canbr| di235%f e ch®% SequeA®R%( 200 L)",""M%ever t he

hi stori cal nunberin has been mai ntai fed such that the del eti on at
position 3106 is d TeThA% | Ughpead 15,0050 © 06.78%

30 This table shows that, in the presence of tumour, all prostate tissue is considered malignant at

the molecular level, even though anatomical appearance of the tissue may be “normal.”
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pol ynmor phi sm 750A has been retained. A subset of this data (7 protein
codi ng regions) was then subjected to principal conponent analysis,
as is standard in the art, with the follow ng results ggr/Si¥eymosd:
Tabl e 1a: %8 215966/ 111029 PCT/ CA20061000652 _ Table Ia Bl ood
distant adj acent malignant Unknown benign benign 5 100. 00% 0. 00%

0, 00% 0. 00% 00026 yR& TN FEABNSI AN, A0 ko AP 12, 9% 12. 90%

45.16% 3, 22 8100 10 3.229% 0 00% 0° 000% 78% 0 00Q% ul'ts
denonstyatel a clear pattern| of malignant trnsformation. Nornpal
tissue {blopd) and nedisi@hant tissue @ladgiay hi gh cl usTEERHy
frequengies] (1.00 and mngw7z |nt er estof i di st ant
beni gn, |both of whi ch @BBaf normal i A%t $tol ogi cal HRML -
pathologica sense, shé®T elel s of trdASf or frati on wi t *&wer % of
the sanpl es| falling outsidel the distant ben{gn and adj#¢ént benign
intercepts. { Mreover, the ne data was analyzed by net wor k,
as is s{andprd in the 48PB With the £834Bw ng resul t s2%Mshomwn in
Table |'b: Thble Ib 20 Blood distant &8}7acept Mal i gnart’22penign
beni gn 100. P0% 0. 00% 0. 00% . 00% 6. 43%%. 00% 0. 00% 93559 19. 35%
0. 00% 0] 00% 77. 14% 3. 22% 0} 00% 0. 00%°%5: 78% 30 This t &fe shows
that, i the presence of 11 ur _.all I_? t i i idder ed
nmal i gnap8. al  the nol &48PBr] | evel , evét?Ahhofigh anatoni%ﬁwﬂaﬁ' ar ance
of the tisslie may be "normel ." 36 WD 2006/ 111029 PCT/ (?2806/ 000652
Table | & _ G NDYND2 57 R T and—CYTB- -FLAant. [adj acent
mal i gnapt™ beni gn beni_ggy, ’ DB 105AB - 105M. - -6037 4G/R5 4655, ‘
5934, 66386,
6912 7028,
7407,
15452,
15607
5. 378DB 378AB - 378ML -
6776, 4703
15043
6. 380DB 380AB - 380ML -
- 3469, 4917, 15218
3507, 4951,
15218, 5440,
6039
7. 382DB 382AB - 382ML -
- 6307, 4716, 6147,
7028, 5312, 6691,
7407, 5371, 7178,
15452, 15162, 15523
15527, 15323, '
15607 15324
3. 384DB 384AB - 384ML -
- 4733, 6219, 4733,
7028 15452, 7028
15607
9. 386DB 386AB - 386ML
- 15677 15244,
15301,
15452,
15607,
15670
10. 416DB 416AB 416ML —
- 4561, 4864
15326,
15525
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4917, 7407 2. 208DB 208AB - 208M. - 4917, 4722, 5174, 6553, 5985,
7028 6776 3. 349DB 349AB 349ML - 6548 4. 377DB 377AB 377M. - 4735,

4917, 59 6912 7028, 7407, 15452, 15607 5. 378DB 378AI:3> -
378M. %226@2¥291:nAQ 6 330DR _330AB - 380M.__- - 3A§F/CARONBPO0652

15218 |350f, 4951, 15218, (5440, 6059 7. B82DB 382AB - 382NL -6307,
4?16, 6147] 7028, 5§E§mt 691, 74072dimgm1) 7178, 154dignanif162,
15523 |455p7— 15323 PElgh R84AB - 384M - -4733,
6219, #4783 7028 1545MB 028 156074AB3g6DB 386AB 41BEBM. | - 15677
’ 4917
15244,
12. 418DB | 418AB - 418ML -
7159 7028,
7407
13. 426DB 426AB 426ML -
4892,
5102,
: 5213
14. 449DB 449AR 449ML
- 4646, ‘
4917,
5999,
6047,
7407
15. 450DB 450AB - 450ML -
- 15323 4917, 3398,
5300, 5147,
15323 6009,
15323
16. 451DB 451AB - 451ML
4217
17. 452DB 452AB - 452ML -
- 4018, 3308, 3480,
6557, 3480, 4591,
15286 3594, 5268,
3666, 7159,
3693, 7407
5036,
5046,
5393,
5984,
6548,
6827,
6989,
7055,
7146,
7256,
7389,
15115
18. 455DB 455AB 455ML
-7160
19. 456DB 456AB - 456ML -
- 3589, 4216, 4787,
4216, 4787, 6579,
5312, 4917, 7059,
5424, 7407, 15302
6041, 15343,
7013, 15452,
7407, 15607
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15301, 15452, 15607, 15670 10. 416DB 416AB 416M. -4561, 4864
15326, 15525 37 WD 2006/ 111029 PCT/ CA2006/ 000652 di st ant adj acent
mal i gnant beni gn benign 11. 417DB 417AB 417M. - , 4917 12. 8DB
4118AB - A4TENO06/1129299 7028, 7407 13. 426DB 426AB 426|\/LPCT/E890£“°°°652
5102, 5213 14. 449DB 449AB 449M. - 4646, 4917, 5999, 6047, 7407

B. 450DB[ZS0AB = A50M 1532349t —3398— 530654745393 60009,
15323 1p. 451DB 451AB giqdBIM. 4217 174,452DB 452AB - 482M. -| - 4018,
3308, 34B0, | 6557, 348Qenigbql, benign
15384,
15452
20. 457DB 457AB 457ML
21. 458DB 453AB 458ML
-5198,
7407 .
22, 460DB 460AB 460ML
-5147
23. 461DB 461AB - 461ML —
- 7028, 3394, 7184
7184 7184,
14899
24. 463DB 463AB - 463ML —
- 14903 14903 14903
25. 464DB 464AB 464ML -
6314,
6643,
6667,
7028,
7066,
7407,
15265
26. 466DB 466AB - 466ML -
- 3507, 3908, 6382,
7028 . 3969, 6776,
3992, 15527
4017,
4185,
4239,
7028
27, 467DB 467AB - 467ML
4917,
5147
28. 498DB 498AB - 498ML
- 14918
14903,
14918,
15355 .
29. 501DB SO01AB - 50IML -
- 4580, 4580, 3966,
4826, 6776 4569,
6224, - 4580,
7007 4917,
15379
30. 504DB 504AB 504ML
- 3507
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15286 3594, 5268, 3666, 7159, 3693, 7407 5036, 5046, 5393, 5984,
6548, 6827, 6989, 7055, 7146, 7256, 7389, 15115 18. 455DB
455AB 455ML -7160 19. 456DB 456AB - 456M. - -3589, 4216, 4787,

4216, 478WOB8¥U10295312, 4917, 7059, 5424, 7407, 15308CT/602l6/0086343,
7013, 15452, 7407, 15607 38 WD 2006/ 111029 PCT/ CA2006/ 000652

di stapt ddj acent malignajt benign benrgrl 15384, 15452 2. 457DB
457AB 457M.  21. 458&Bnt4$8AB 458M. adidbd®d, 7407 22mad&REB|460AB
460M} -39147 benign benign
31. | 505DB - 15307, 15526 | 505AB - 4216, 4917, - 505ML
5456, 6776, 6953, 7028, '
7407, 15452

Cluster analysis
The mutations identified in the 31 individuals diagnosed with prostate cancer were analyzed
using Hierarchical Clustering Explorer (HCE) (www.cs.umd.edw/heil/multi-cluster; Seo et al, 2002;
Seo et al. 2003; Zhao et al 2003; Seo and Shneiderman; Seo et al; 2004a; Seo et al. 2004b; Sco et al.
5  2005a; Seo et al. 2004¢; Seo et al. 2005b). In addition, the mitochondrial genomes from prostate
needle biopsy tissue of 12 males clinically symptomatic for prostatc cancer, but where pathology
results indicated that the prostate tissue was not malignant, were also analyzed. Figures 2 and 3 show
the cluster analysis of the identified non-synonymous mitochondrial mutations. Figure 2 is the first
half of the cluster analysis and Figure 3 is the second half of the cluster analysis. The y-axis lists the
10 patient numbers for the 31 individuals with prostate cancer (105, 208, 349, 377, 378, 380, 382, 384,
386, 416, 417, 418, 426, 449, 450, 451, 452, 455, 456, 457, 458, 460, 461, 463, 464, 466, 467, 498,
501, 504, 505) and the 12 individuals showing clinical symptorhs but having no malignancy as
determined by pathology (2, 35, 51, 209, 270, 278, 375, 480, 503, 536, 560, 858). The y-axis also
indicates the source of the tissue (i.e. distant benign (db), adjacent benign (ab), malignant (ml), and
15 (b) blood). Benign glandular tissue from symptomatic but non-malignant tissue of the 12 individuals

is indicated by "gl". The x-axis lists the sites of the mutations.

Figure 4 is a copy of Figure 3 showing a suite of non-synonymous mutations associated with
clinical prostate cancer in the shaded area. The mutations occur in specific genes: Mutations at
positions 4216 and 4217 both occur in the NDI1 gene (NADH dehydrogenase subunit 1). The

20  mutation at position 4917 occurs in the ND2 gene (NADH dehydrogenase subunit 2). The mutation at
position 7407 occurs in the COXI gene (cytochrome ¢ oxidase subunit 1). Finally, the mutation at
position 15452 occurs in the CytB gene (cytochrome b). Mutations 4216 and 4217 invoke a non-
synonymous mutation at the same amino acid, and like 4917, are secondary mutations associated with
Leber’s Hereditary Optic Ncuropathy (LHON) (Mitochondrial Research Society; Huoponen, 2001;

25  MitoMap). Other than prostate cancer, an association for 7407 remains unattested. A mutation at
15452 was found in 5/5 patients with ubiquinol cytochrome ¢ reductase (complex IIT) deficiency
(Valnot et al. 1999).

In the cohort of 31 men who underwent a prostatectomy for prostate cancer these mutations,
one or more, were noted in 20 of the subjects (64.5%). As mentioned above, in each of these
30  individuals, total mitochondrial genome sequences were obtained from prostate cross sections for

three types of associated tissues: malignant, benign tissue adjacent to malignant tissue and “distant”
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23. 461DB 461AB - 461M-- - 7028, 3394, 7184 7184 7184, 14899 24.
463DB 463AB - 463M.- -14903 14903 14903 25. 464DB 464AB 464M. - 6314,
6643, 6667 7028, 7066, 7407, 15265 26. 466DB 466AB - 466M. -

- 3507, 390

&0 g98311029,008 3069 6776, 3992, 15527 4017, PETEHA200646088

7028 27. 467DB 467AB - 467M. 4917, 5147 28. 498DB 498AB - 498M. -
14918 14908pign4B48, renld8&SFron? dny 5QidDRdinG liddBe -paBiDblyy. THHBO wedb8B6r capture

3(9)22’8 583@1&@&2&@6&%6&CM?%%4& (ﬂél%)cd, C%I%Q&Y é%%l%gisf’!'S?’ge%uen%Qs' w5c1%4|c::)c|>3mpared to

3

10

15

20

25

30

35

mitochondrial DNA (mtDNA) extracted and sequenced from the patient’s blood, Sequencing results
indicate that mitochondrial mutations, often heteroplasmic, appear in all three tissue types. Contrary
to the analysis of Alonso et al. (2005), mutations in mitochondrial DNA from malignant tissue,
adjacent benign and distant benign were found in comparison with mtDNA sequences from the
patient's blood. Heteroplasmy, mutant and normal mitochondrial genomes existing within the same
individual, is considered evidence of recent mutation (Huoponen, 2001). Most mutations are not held
in common between the three tissue types from the same individual. In fact, the comparative
mutation loads for each tissue type is roughly the same, indicating that mtDNA mutations are active
within the prostate in the presence of tumor, irrespective of prostate tissue type. Moreover, tissue
which appears histologically benign, is often found with mutations in the mitochondrial genome.
These mutations are not associated with mitochondrial sequences embedded in the nucleus, or
NUMTS (nuclear/mitochondrial sequences) (Lopez, 1994). A lengthy cloning and sequencing study
of human NUMTS utilizing a Rho® cell line, as well as comparison to known NUMTS archived in the
NCBI database was done and no mutations were detected to known mitochondrial pseudogenes

archived in public databases to ensure data clean of pseudogene data points.

~ In the 12 males clinically symptomatic for prostate cancer, wherein the pathology results
indicated that the prostate tissue was not malignant, benign glandular tissue was recovered by LCM
and the mitochondrial genomes amplified and sequenced from prostate needle biopsy tissues. Results
indicate a complete absence of mtDNA mutations in four patients, mutations only in the non-coding
control region in four patients, or mutations in both the control region and gene coding regions in four
patients. However, the mutation locations were significantly different than the malignant cohort (P>
0.01). Additionally, only one coding region mutation was observed in these individuals and of these
mutations one fell into the regions mentioned above (i.e. NDI, ND2, COXI and CytB) (patient 375
CytB at position 15081).

When both synonymous and non-synonymous mutations, inclusive of the four protein coding
regions, were used as malignant disease markers, 30/31 (97%) of the prostate cancer group was
identified, Table 1c lists the synonymous and non-synonymous mutations found in NDi, ND2,
COX1, and CytB in tissue samples from the 31 individuals with prostate cancer. Mutations in ND1,
ND2, COXI1, and CytB are clearly associated with prostate cancer. Although the present invention
has identified the mutations listed in Table 1¢ and Figures 2 to 4, the invention includes any mutations
in ND1, ND2, COXT1 and CytB. In the same analyses, 1 of the 12 benign, symptomatic patients was
included with the malignant group; however, this patient had a mutation in CytB, which may indicate

early cancer progression. The rest of this group clustered with the blood, or normal control.
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- 3507 39 WD 2006/ 111029 PCT/ CA2006/ 000652 di stant adj acent mali gnant
beni gn benign 31. ‘505DB - 15307, 15526 505AB - 4216, 4917, 505M
5456, 6776, 6953, 7028, 7407,15452 Custer analysis The nutations

i denti fi e®WOi2006{1IAW2B1 | ndi vi dual s di agnosed wi t h prost #Ca/@amsHpocHRr e
anal yzed wusing H erarchical Custering Explorer (HCE)

(www. cs. und. edu/ hcil /mul ti-cluster; Seo et al, 2002; Seo et al.

2003; Zhao ‘et al 2003; Seo and Shnei derman; Seo et al; 2004a; Seo et
al . 2004b; Scao. edtistidal arElyﬁﬁ)@ﬁmmnS&oig&fromlmaliﬁﬁ@ﬁbﬂbjemmme@.to the?@BiFi plands
In additi he nitoc [ I r

(11200 LSy Gk R 0f nﬁhgﬂﬁg%{ms s AL s%gcg el %aggg@grlg;\aﬁrmms
wher e patdnd Iiz)gynptqnesu butsuou medfgeat sbiedts emdqu@rrm}eg of Gareups p& K feonptag mplignant
mal i gnant er@hﬁoagﬁ%) 280y mbth MRt ot %ﬁl%nantsshﬂw:ts t RehiClqitit Blalysis for

anal ySI S non- synonynous m ochondri a mut at | ons.
Fi gur &5 2 qagh @fﬁhe § gews Wap mnf Tae reﬁ% a@llﬁ@@ wrTahlsdry & Gé’e%(r?aseﬁha itferences were

the secong bt 206.01 meIC}n%h@rtha@n@lcN&re%ce Jéaeeeyna%uﬁmhm Etﬁqu&rﬁ& ﬁ&n distant
pati ent nurrbers for the 31 individuals with %?ate cancer g

D08, 340, beaipy ooy meligignt Y SAAoCheREL spgsiont Hpim SyTGoMA B w&@ahgmm

450, 451, guffeds wiht dita® chaflde 69%Ad the tlﬁﬁo Theéldndlysid @ds baddtdon tHGmbtE mudltns
501, 504, 505) and the 12 indjvi d s showi ng clinical synptons but

havi ng nofOH‘?fllPG’ﬁé%ﬁlO%re%‘@f ’F?’r‘?‘"ﬁ °P5'§/ pat hol ogy (2, 35, 51, 209,

270, 278, 375, 480, 503, 536, 560, 858). The y-axis also indicates

t he sour cEabifldt Obi-sugewse (1.e. distant benign (db), adj acent benign
(ab), mal | gnani, k). ans 15 6B) 1) 8ok SAEnisgkeal ARdub apg i ssue from

synpt omat I’C mal i ghant trsste o uals is
i ndi cat ed2)iSipechgbet of TBe >37’la>w% 431, él7s5Q1h@5542ﬁe‘§’865‘I82,t4% 3%tt44¢ i ons.

Figure 4 psyay &?Wn@f F'@%% @sé%%ﬁ%@ 091 498, b, 439%08ysHPNYNOUS

nut at i ons ‘associ at ed inical prostate cancer in the shaded

area. ThedfguttseorPloccdio, tPh §etss &2 4o 45U A8+ BB+ 8201 posi ti ons

4216 fwd %%%&%@BOCCU%G as3, by, B‘@lztfﬂ 50, {7HA] defmslmgeﬁase subuni t
The nutation at position e ND2 gene ( NADH

dehydroge@éé’éh%e&?ﬁ?ﬁr 203, ’f’?fé‘;?ﬁJ?‘éqtf‘%nfﬁét“szﬁt?&%Sﬁoﬁlfii@'f*figccurs in
the COXl giene Oyt aahr ompic Oyirdaxesqabbunit 1). Finally, the nutation
at position 15452 occurs in the CytB gene (cytochrone b). Mitations
4216 and S2dpforhativolke a mMon- 8ynonynous nutation at the sanme am no
acid, and |like 4917, are secondary nutations associated with Leber's
Her edi t ar KirsOpti0c Nefur opdhy {LHONJ5.Y4M t ochondri al Research Soci ety;
Huoponaeén, S@adliset 25 3M t okp) . 14€x he? thaf-lgrostate cancer, an

associ at | Bhirdfser 7407 refai ns7unat$est éd:12A mutation at 15452 was
found in Byushpadtierts w4t h uBi qui Kol cyt chrone ¢ reductase (conpl ex
1 11) defiEifteagy (Val not® et &P. 1899) .21 the cohort of 31 nmen who
under went SléthﬁPtostat"ectoﬁy fof proState’ddncer these mutations, one
or rmre wer e not 0 of the subje

above 2| n SYEBRGatie %&th}frgtg a12; Distant emgn rancfom sgts of l%o@ach As ment | Oned
Example 2: Duplications in the non-coding region of mtDNA from sun-exposed skin
DNA was extracted from tissue samples as described in Example 1, with the use of DNeasy™
kit supplied by Qiagen. A "back to back" primer methodology was used to investigate the incidence of
tandem duplications in the non-coding region (NCR) in relation to sun-exposure. 32 age-matched,
30 split human skin samples, from sun-exposed (n=24) and sun-protected body sites (n=10) were
investigated.

The following duplication primers from Brockington et @/ 1993 and Lee et al 1994 were used:

C L336 AAC ACA TCT CTG CCA AACCC 20 mer SEQIDNO: 1
D H335 TAA GTG CTG TGG CCA GAA GC 20 mer SEQ ID NO: 2
35 E L467 CCC ATACTACTAATCTCATC 20 mer SEQ ID NO: 3
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30 individuals, total mtochondrial genome sequences were obtai ned
fromprostate cross sections for three types of associated tissues:

mal i gnant, benign tissue adjacent to malignant tissue and "distant"”

40 WO 2006/‘19%@%@11{9@7 CA2006/ 000652 benign tissue, renmRESEA2PWNUAHY
surroundi ng tissue pathol ogy. Tissues were |aser capture

m cr odi sssBEct edH4d6CNM) by AGTG&IG AG@GGAAAARITSA T a0hmodr RFEGID N&equences
were conpared to mtochondria] DNA (nt DNA) extracted and sequenced
from the pati enfrimerhpairs §/D iaeei ‘Prgk fackpgk’ tas the pitenf Ewe ecpprpigisets of direct repeats

M t ochondr j,ahe {PtcBhih®Rion Ofak § ReslEThEY SHY APBLE 2 pRRIRQAS a duplidthibn Iisg)h%&t at these
tissue types. Contrary 5 to the analysis of Alonso et al. (

. 2005),
mut ati ons PHntHi ProdusrEanaralyd oRAch toowi/Rulessgammen 29098 yeriant. aﬁidsﬁ?éﬁd‘ conditions
beni gn and,gi 1@@1?%}&21&%111&1&@1‘1&@@0 N URTPs] 715 COMGISHErTEPFbIyMekdle SRR buffer (Qiagen,

sequences fromt atient's bloqd. Heteropla , . mut.ant . and .nor ngl
mi t ochondr P&} ZSQ@T‘FEWEP%‘}E?%PP‘?\&W "’?ﬁ‘l‘ ﬁq[?rh‘bm W%%g?éﬁﬁ?s\ﬂfgﬁaq x 1 jminute, Fex
consi der edmémtedPAC € 1 odinut€adnhe tidlcal 7290 x (iapenen, 2001). Most
mut ations are n%t held . .in cot_lfrrrrr!ﬁnu gceai\é\%e\g.ﬂ'{ he three tissue types from,
the same i ndi vidudIT] PAIPee PhdrrlaiRm A PEe et St P Sh T I e S 6
each ti ssuéupliyqensi &lentifieghiny 19/Bk bea®E) samglee dftann gun-breppsedt BNAsumpretedtagnskin
are active_WwW.thin.the pr t el ) ; es of th
T S B T
hi st ol ogi céitqusnt deplicgrons wsre PO end 368 (st pairs: Hintetestanglychese same samples also contained
m t ochondr; 9 WA AHORA QL ARSRACE A RthetMiyMan established
ki IQIQQO(QPA) thﬁ%ggg:g}hat}on t?]e ) € NUMI'§ bB/ n establishe

m tochondridl sequencés e - cleus, or
(nucl ear / muen@htye droriier BERy aswclessribgdip Beample1®94) . A | engt hy cl oni ng
and sequencing study 15 of human NUMIS utilizing a Rho cell line, as

vel | as coppaidisPMh@tis eyl vanammnmahmmanm?redﬁmb@m was

done and no nutations were detected. {o. known mtachqondr.i %I . with th
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prost at e t?ag’gﬁepmatwat@%ﬁﬁgﬁm“?mb i g Iﬁf%rs?au uéqjmgeladsgeﬂ‘ém\?\}g% (bE apptied
recover ed Bigsyk@ih) u2g @igheFreTdrintnaohOyuitr deqlengen dissmainplbiofy Bdesanikd in Healy
sequenced fr Qstate n [ OpSY. 1 es. Resul .ndi e
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Example 4: Deletion spectrum of the entire mitochondrial genome in human NMSC and its

precursor lesions
M{DNA damage in squamous cell carcinomas (SCCS), Basal cell carcinomas (BCCS) and '

putative precursor lesions such as Bowen’s disease and actinic keratoses (As) was compared to

35  adjacent perilesional skin taken from different sun-exposed body sites. A long-extension PCR

technique (LX-PCR) (Ray et al. 1998) was used to amplify the entire mitochondrial genome in order
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included with the malignant group; however, this patient had a
mutation in CytB, which may indicate 35 early cancer progression.
The rest of this group clustered with the bl ood, or normal control.
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25  included in the analysis.

A greater mean number of deletions is found with increasing UV exposure in the tumour

samples, as shown in Table 2.

% Mean number of deletions in | Mean number of deletions in
exposure adjacent normal epidermis epidermal tumour

Constant (n=5) 1.0 3.6

Intermittent (n=2) 0 1.5

Sun-protected (n=2) 0 0

Table 2. Comparison of the mean number of deletions observed in the LX-PCR of mtDNA between

normal and tumour skin taken from different UV-exposed body sites.
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light. To ensure reproducibility, a known amount of DNA was separated on a 2% agarose gel and only

30  samples which have the same amount of DNA were included in the analysis.

Example 6: Quantitative detection of the 4977bp common mtDNA deletion by 3-primer PCR
Where appropriate the incidence of the common deletion is determined in a quantitative
manner by a 3-primer PCR method which detects levels greater than 1-5% or a dilution PCR method
which detects levels less than 1 % down to 10*%. (See Example 7) Samples are obtained and DNA
35  extracted as described in Example 1. To simultaneously detect and quantify the ratios of both deleted
and wild type (wt) mtDNAs in the DNA samples, a 3-primer PCR procedure is used (as described in
Birch-Machin et al 1998). Primers A, and C correspond to heavy strand positions 13720-13705 and
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put ati ve precursor |esions such as Bowen's di sease and actinic

kerat oses (As) was conpared to 35 adjacent perilesional skin taken
fromdifferent sun-exposed body sites. A | ong-extension PCR techni que
(LX- PCR) WwRBagosatitoad . 1998) was used to anplify the-entAOTacA2006/000652

m tochondri al genone in order 43 WO 2006/111029 PCT/ CA2006/ 000652 to
determ ne the whol e del etion spectrumof ntDNA. A nyriad of specific
del eti ons have been observed to occur in the mtochondrial genone.

Not al | déDZSt%Gﬁ"I&Spﬁbﬂvbly((ﬁﬁdeﬁsbraEt&])NIQBIID Poiber FEERRBQBRYs t6 lﬁgﬁi sfrad GRditions 8273-
hod, thpse deI etions that are

however, ﬁ‘ﬁne eGura Oam nosti C. e

associ at eg t e pd| sease nﬁ%lfm Bisg e Germoas defeion, whersas prmers 4 45§ By fleak
of a comré}ecielatled keigion( Dieeefpesprinacc Braod Apntycuritplisy mﬂmba@taﬁd gﬁmﬁz A and B only
r ecomrendag,i [ genone i s ied. in fwo
separate r e%g??gﬁ%mﬁg?ﬁéé (tﬁe%}gx& Mﬁt g HeEnp) gt %ﬁ“@y%ﬁ Baffetion,
( Boehr P ng 8Provintedi 1ikbSiioe ag todn éF)lphﬁT‘-h@dP@Ft P@Rl qmilmns ussmzbnbadaelbh)os e

d bed b my si s arger one
AL, B e et sl 7o G 8

336- 363), g pge p¥mIDNG A e STl ong (479bn)) cormeapehd@igRo( defeted miDNA
5745- 5781 JarbolfigsiBe kafugeh RleAsHICTiE PRI BcNA S BIPIsL tbﬁ%!u% 90% F&{o%ﬁ‘é total

pseudogene nces of the prinmers are as fol
(336-363) © @“la‘b&&éi%@i )P OmBERSC, IDW Klg G, BR% Triton X-
(574518672190, B5U G rérhef) @aﬁ%ﬂf@ﬁLﬁnﬁe@E@n&@B@ﬁgm@les @gﬁﬁcrs Aand B,

5756- 578 AGAAGE TTGAAGC. 3
Ezsz 255) ‘1’%5 %Df‘gg%‘l‘&?m SPC%Eeydrtanre 85 cycles of 94°C at 1
Anpl i fi camino®wsssat & 1p@iniite, rmatIZHmﬁlﬂesﬁhcﬂifd&lg atihe k@Rl PNS nﬁ‘rﬁxﬂ:& Qt' ﬁ"é‘ gTh]:Qe

prmol of e 0 x PCR buffer with

MyCl 2 and@?g’r‘i‘é"és pEE Qﬁ?f'fl) ‘J?e"BOPl?%TEﬁNI 6’?’0%%&% norgesatyang f@yaﬁﬂmév ml)anérﬂ@
Sﬁ 200ng wfiodcitccHCROMAmer DN ere qcatﬁi}iﬂe@ By ﬂ&g}&jﬁgﬁ%&niﬂlﬁmﬁ@ﬁgﬂ?%m%wgéﬁwam
t he geno 0 ts in p lengths (e.g einle
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denatur| n tage at 93C for 1 mn 30s, followed by 10 cycles of 93C
for 30s, g’ﬁ’@ﬂ“bﬂ Sertrl Rihiog KRR gmettiod toi quanficlivayeldteltylowv ferels Rer%P0f the
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el ongation tine every cycle. There is a final cycle of 93C for 30s,
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Primers for Common Deletion
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The reaction conditions are as follows:

One cycle 94°C for 2 minutes, 34 cycles of 94°C for 45 seconds, 51°C for 30 seconds (total
mtDNA), 56°C for 30 seconds (common deletion), 72°C for 1 minute and one final cycle of 72°C for
8 minutes. All PCR reactions are carried out in the following mixture (50p1): Sample DNA 1pl,

35 0.6pM forward primer, 0.6uM reverse primer, 0.2mM dNTP’s, 5ul GeneAmp® 10x PCR Buffer,
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UV- exposed body sites. 44 WO 2006/ 111029 PCT/ CA2006/ 000652 Exanpl e

5. Agi ng arfMORRPNNORE| ng tenporal maternal |ine conpari FETLCA2DI6600652
great-grandchild through great-grand parents), the entire sequence

of ntDNA extracted froma given tissue is rapidly, and accurately
sequenced, in order to definitively state the arrangenent of

nucl eot i de (ledseEpei) 62{ilormlita® 3¥e polihaaswigPeaicn Emegnsh. Bupaeie biteslaved double
changes thr,0 tul%g‘ggrre These characterizations are conpared to health
st at us, agl Adi cat ors and between specific maternal lines, within
| ar ger popul at i BeibwinEfelestrophntosinte PCR boxdpegsiagrvisualistdousa YV tehsilfuminator (TMW-

statistica a r

sane mut atb ol DL URIER « SRR Fag GO SR ATl L e Wifisiton
used asSa Bpneramar(kipha Tihagst 2008, Alphuimmech Corderntions suppliad; i Eip‘ﬁ’gﬁnalﬁéi Lichfield,
sensi tivit yhnRE gs%BcleIt&l ﬁﬁg@Q'Ialy%Q softwire/@l dﬂlﬂ'ﬂa&’e v3.9) AEIthidRRn CoR allows the

proportions of 10 base paiF del'etions an nut ations are conpared for

consi st encyalfulption ef the dntegrated epsicgldepsity (AR for capiaPelR ﬁéqd“ﬁéﬁérd&t‘ti‘c@%ms The
Recent net hadalre sedorsiemsd PR SHRAYE fd? BbKi tbﬁaleﬁtmm efd HOAeDIGS end the
pair deletions inplicated in aging in bl ood sam Bass al
1991) and RAlFEPRdng dilptioR galps s Ypg Preglculyts PF}F%’(&E’ Qg‘ﬁ‘éﬂ dﬁ@?‘)ﬁd& the Sapple
to study myMNA in lieu of skeletal nmuscle (von Wirnb et al. 1998).
After establishing.the effic f . enpl oydpRg, | eyukocytes in |ieu of

nmuscl e ti sg/‘iﬁ%"’m%gﬁl%‘ﬁ? e%ﬁ%ﬁ&éﬁ%ﬁ%@etl ons and /or
mutations, the nextmsbegclaadiuties faorf P°F'DNA in | eukocytes. M DNA

del et ons/ nmut ati ons are then determ ned as previously described.

oxt ract e SR & ppSHERE AR R bR BT P IRELE) V0 8oy
12STI: (1257- 123@)1:1@ arcTARNECAEAT S FREARTANAESamSED AR A3 ogerlapging fragments

é?sgzﬁ.ﬁ 14@%1" Pert @@@@A@%@S&E}%@%ﬁ% S]$o§(§1@t LDIYY). HR foliwing three

TGTGGTCTTT@@&GTA@MA@@HQ‘M&E@P 'NO. 12 Anplifications were perforned
in 50 me@th:ﬁeguén‘é‘@Ct' ons containing 2.0 pnol of each priner,

250nmol  dNTPs PCR bufferéThe ol Reactl on Bufferl bow ne
serum al bunin, Y3 ts %‘Hg SAEASsEANINEY 1D 00ng of

t ot al DNA%Eh? ﬁ@?53mpl [ fT@mmeeG@lGGmas SR H) 80s10f a d;angz gr:c ng
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v Tight. To cRuAE ool R R m R N T s

separated on a RIHMeYER 0SeGORTGANAGOAGEGGATGSSRPIRNOWS ch have the
same anount of DNA were included in the anal ysi s. Exanpl e 6:

Qjant' tat' Ve d RC1 l’.% IQ'ERﬁJ clﬂ‘ngr%t?iP% e ence = stoﬁ@b%bbﬁﬁnanlaymsolved at their

3-priner ere appropfi e conmon del etion
i s det @f ni méuhai mreHing LrmpScatere \ﬂ‘éutamﬁ st Tepgsepted 2p vonprakPCRA rpttHigEs with low

whi ch det egdgnlagaedush 408 Rferdphiafly &> ¥hoRlder ikt pdakon PCR net hod
DHPLC is performed with a mobile phase consisting of two eluents (pH 7.0). Buffer A
contains triethylammonium acetate (TEAA), which interacts with both the negatively charged
phosphate groups on the DNA as well as the surface of the column. Buffer B contains TEAA with
30 25% of the denaturing agent acetonitrile. Fragments were eluted with a linear acetonitrile gradient at
a constant flow rate. Increasing the concentration of acetonitrile will denature the fragments. Table 3
below is an example of a standard method for DHPLC of a PCR reaction generated using the
WAVEMAKER software (Transgenomics) according to manufacturer’s instructions.
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whi ch detects levels less than 1 % down to 104%

(See Exanple 7)
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pnol es otmxmmMEbeimammﬂSMGﬂm@ﬂm@apEmﬁpaBAER The PCR conditions were

25 cycles of p4
including a fin

fré

extension o

NELID ¢

PG

m nut es at

£ at Ghalthideb

$?gg%§ at 2

These

m nut es
PCR products

were fhen el edt¥ldphor es¥d t hrough a 6% nondei¥at uri ng pol yacryl ani de

gel and the
phophorlnage an

al¥
Dynani cs,

quantitatlvely dete

A seni-qmamhmbative PCR nmet hod (Corr al

PR oA B Rs Rt Biare péelfe oPh ey B

to estimate t
extracted fro

E{‘F’H PspF

Ct

OI’tIO

SN

- Debri

o0& i

conmon nt

nski et al 1

15
ion PCR nethod to

paghopact i vg PCR fragments werg_qguantified by
Si S u3|ng the I mageQuant TM sof t war e

¥xanpl e 7: Serial
low | evel s (<1% of the

(Mol ecul ar

DNA del eti on
991) is used

obt ai med dapobsédNWitle xriali ety desordiesalr miBh mtaEmaran ol rrostafinetisBNA iwhusigt of

is |n|t|%lh
enzyne an&

Pr’ogﬁgrmagf éﬁllq&[)t hveaﬂEb

supp?

b PHeF L g i e

m nut es, n@emoafﬂrlaHDNAtqf dhrepatignts hbeodf dfomoaderi an dxpasdédotiudly off epidoclidngrial igenosres

nt DNA t h%rofn Wos@i&ctloﬂk( Ezht%ts :hgrn&girges%ﬁl%ch@p)iyp@ﬁq

pri nmers:

each dilution
m DNA  L3k3%03

heao

condi ti ons
pa

re _as

usi ng

| ow ng

utgtgﬁ Fg@ﬁénfé?'%frgﬁbf Efen et

rrners

for total

@Ja@bzir)ﬂahgpm glrnftSn%dww bglmnslandpmeﬁféy gefreplisms halens),
Del etjison and—ﬁaﬁ%eﬁ@ﬁ &21313 '(lggﬂ%)m Qud a8 ManfdarGhtobad Rdbvdd Borh 8RChd12Rant

| | ows

30gy as shown in Table 4. The mutations of Table 4 are also provided in SEQ ID No: 102

which lists the substitutions, SEQ ID NOs: 103 to 109 which lists the deletions, and SEQ ID No: 110

to 138 which lists the insertions.

Polymorphisms and mutation positions were determined by

comparison to the Revised Cambridge Reference Sequence (2001), however the historical numbering

20

has been maintained such that the deletion at position 3106 is denoted as a gap and the rare

polymorphism 750A has been retained. The numbering of the bases is based on the revised

Cambridge Reference Sequence having a total of 16569 base positions.

A histogram showing the

number of mutations per location of the mitochondrial genome is shown in Figure 1. As can be seen

in Figure 1, the mutations were found throughout the mtDNA genome and in all diseased prostates.

25

However, certain “hot spots™ were also apparent, for example in the D-loop region and the 168 region.

These data sets imply that the designation of malignant or benign tissue, as made by a qualified

pathologist using routine histological methods and grading standards, does not identify early disease

progression. This strongly suggests that malignant transformation begins at the cellular level before
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‘One cycle 94C for 2 mnutes, 34 cycles of 94C for 45 seconds, 51 C

for 30 seconds (total ntDNA), 56C for 30 seconds (common del etion),
72C for 1 mnute and one final cycle of 72C for 8 mnutes. Al PCR
reacti ons @20 out in the foll owi ng mi xture (S01)PCTSA2M6HOMBEA
11, 35 0.6Mforward priner, 0.6Mreverse priner, 0.2mM dNTFP' s, 5l
GeneAmp(r) I Ox PCR Buffer, 46 WO 2006/111029 PCT/ CA2006/ 000652

(Perkin Elmer), 0.21 Anplitaq(r) DNA polynerase (Perkin Elner),

35. 751 st efhe| morpkplegideh vhalactinistivs eof 2 pedl prlelaétetc@vatlmportdﬁdjrlﬂxwmgatwu patterns are
el ect r ophog&iidel} h}ﬁ‘coﬁ: %npfo?%ﬁh&:]ﬁ@&a@e Neds U dh ?1? ﬁﬁdggﬁu?wgent or in aonépansoln to

transillumnator (T Lich
i mge of tH@f}@éwat%t@rha@ﬂn@réqﬂﬁgpmhigéssawfm wherg depal @‘Paﬁwapﬁmﬁlgﬂ{wﬁ}ﬂhmay

| mager 200QgcuAl MbBRovdR rb@ﬁa@ﬁ@ n&@fe%pﬁ&s‘ With thé @Qﬁg GRESoR ¥cdrd, REEMe E&rﬁi individual
Li chfi el d, UK%‘ The associ ated i.mage_anal ysis software éAI pha Ease

v3.3, AP ph&™ r?b"(aé{éﬂe%’rs‘ﬁa“jamaﬂwsm mutation pasterng, L hesr indippies; that &l arugagion
optical denad taphef thédD)petifit maAGSh FEFNPI RABEE rebRseAtablid ¢ilthOdlscaRlah® Dmgruﬂﬁn of
band where_an. | OD val ue of zero is obtained for both total

del eted nt Sand the corresponding dilution values are used to

cal cul ate t he pineethisadmn ohs gathereh frdal 1ad1indmalsi mth hﬁo@xar]sﬁisate dfledr,natd  in the

% d t f
R R T R o O —
per f or iancendprigengi @m@; hntmdtt@g rtlamwmé@ﬂ@lw}sycrmmﬂesecwaaa ebt pbxbl mepkession

DNA extrac fra
using two %F%fd g’?laeﬁg? ‘E?;R co dﬁsf?eg’%sgo}l@ rét%scn%hgﬂgy Van aden é0§c‘?ﬂh]i‘§ltcan be

al . (2000)mormigedyiey ingodsivg mutaties indigatirgroldhyergiefol dispast mosregsinnr Jhis arte PGRelso
Qi go Sequgmese MndlddFesfbiC NERAGAM CRAGMEAGE P mlﬁPtHéQ dotld Mo FhRitored
TGAGGAGTAGGAGGTTGG, SEQ | D'NO. 1420 M 8207F CGTCCTAGAATTAATTCE
SEQ | D NO 2% onyReApigRiniHempatiess Rt GGTAG SEQ | D NO 16 M I4427F

CCCATWCA%AW&EE@USE@ b0 ¥ asla/contilimbbDP ekt W@\%TQM)/

ID NO 18 The 1-2 k %)4'% guctsa}r éilﬁgestedlntofra gnents of

90- 600bp afif rieR5FY ét“e B PIPPSY RSTIEEER R e RIPEAth gnd B dissugionks histologically
Mut at i ons l&hign heﬁrsaﬁamhed;]das uiumb_,i Rakisd &aﬁ;nﬁwt@tnbaﬂtsmwstehld @Wnont}i(s Use of
per cent ageg; ,suc 2% hetero S "in t eak.
ey C i ool R0 et PR U8 B BRn herdlt Py vt ol EPGhameEm e
7.0). Buf ftesueAs banigntoaitinsméleduét ﬂeyélammlouﬁncaemdeataha(tm ln!‘hhﬂa)thahgnancy in
i nter S hat e

e et B P, 4 e RO Ko A0 S UGROIRN Sl SUBA 1NN e
30 25% of neprdastie nanenpiastiy %tgtbmtmhaéardmet r Thig couf agesialls saveracloebiipeeple from

W th a [ Ngahs AGAHhARE GirkFie IS AHMC R ¢ %'preQe éﬁ@é&%}% et | OW rate.

| ncr easi ng the concentration of aceto |tr| denature the
fragnents. Table 3
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bel ow i s an exanple of a standard nethod for

generated using the
manuf act urer’

S instructions.
Tabl e 3: spasdanoh2det hod for
M/mn (flowrate)

DHPLC of a PCR reaction

VWAVEMAKER sof tware (Transgenom cs) according to

47 WD 2006/ 111029 PCT/ CA2006/ 000652
DHPLC Step Time %A (buff eCk/EBodshodsser )
Loading 0.0 52 48 0.90 Start Gadient 0.1 47 53

Stop Gradient 4.1 39 61 Start Cean 4.2 0 100 Stop Cean 4.7 0 100
Start Equilibrate 4.8 52 48 Stop Equilibrate 6.8 52 48 The

t enperatures for successful
are det ai | Baledel ow and
pl aces in Tabl e 2:
M 3118F 59559 Maigtio

homo lasmlc

extensi ye SHLYE ;
bi opsy pat j.&f

mut ati ons rmeah.&bzme@m@r 8 istiereBd@ 30 nCcl usi ve of

I"‘

P

",'.l??fﬁ

tl\/Elt

et ro la

M“T y"ﬁw

adient.

of B

uf f er

resol ution of the various heterodupl exes
can sinply be substituted into the rel evant

B 5

'bD- 68 Exanple 9 An

%ﬂ%at%&&&o@f&ee needl e

di agnosed WI t h rral I gnancy) denonstrated nt DNA

beni gn prostatic

hyper pl asi & KR! pusivdigvabrbiedddieas B3 16F iadegedam dgsptardiharargopeniar ed

with the

Mot bebhendrdmad DNA of the patients bl ood. Moreover,

an

expa fa¥ae oY from-31-nrost af_egf amys
patijents denon t?%ﬁ%s equivocabLﬁh br-nutat|,
Chen ﬁl‘ :stgillcal %:ﬁglg o O&ghshod INubYRL G ol Bk BR@HL O _pddia
gl an n}({ ygat;hk@mdlmm [ietérb S8k Skt gipat
(Iocatedwln th ssue frleg-®f| mald d at ha9b ogy
mal i gnani! pat hoBbgy)| as she&®Al | p 4204 The
are jalso provided in[SEQ D No- I\hir"b!irs
SEQ b-D-Neks-—103—4b—-10-ghief T qts—the—def@tiop R
to 1 o—vvsl]l ch—Hststhe serti —PotyToT phisTr ;
posi tTong were dgferni ned c/canpari son 1@ t hé Resy sed Canbridge
Ref efences Sequenee (Z0@1),{ however the hiz#ori ¢al 2nunberi ng | 20vGas
been[ mai M ai ned _Such |t KX | 8eC/THel eti op at2?ljosi 1i 0dl3106 ¢-§ denat as
a ga and thelrare I DIEﬁém dlYsm 750A ha%gg\nnr\r ret ne'l:j;“gheé
Thacde & c on-th r atftcaand fa) v HADTT M gL
numbprlngy of e hases iy pastd jon-thyrejised —Cabrige, Refl price
equente 3ua‘v'I 1% gz L otar—on C Y OASE | POSIET OIS Aod T ST OURANTASAIEW TTg
the rmumiEer—of MgiatTons pPER d@Jation|jof the mtochond[ial JefQRE 1S
shown Tigki guf e Ioa AS| Can be-@e€n 1 n|Frgmse I the nuiaéirons were
f ound Tt hnpughbut 113he |nt DNAl @eibe andlin K| diised$ed prosta G |25
Howeyver , !ligert hi nlt%hot! spot 5'C-Gierle _al sh apParent £&y e fle in tlhe
D-lo ionl and?8t hel 6% | egion. G-G/A
14 146 T : 239 239 T-C
T-C_| T-T/C 247 247 G-G/A
150 150 CT_| CCT 243 248 DEL A
T-C_| T-TIC 262 262 C-CT
152 152 CT | CCT 263 263 G-G/T
T-C_| T-T/IC AG | A-AG
153 153 AG | A-AG 264 264 TC
G-A_ | G-G/A 277 277 C-CIT
170 170 C-CIT 280 280 C-C/T
182 182 [ 295 295 TC | T-T/C
185 185 G-A | GG/A 297 297 G-A | G-G/A
A-AIG 303.1 303.1 INSC
G-GIT 303.2 303.2 INS C
188 188 A-G 305 305 CCIT
G-A | G-G/A 309 309 T-T/C
189 189 A-G | A-AG CCT
G-A | G-G/A 309 309 DEL C
192 192 T-C 309.1 309.1 INS C
194 194 TC_| T-TiC 309.2 309.2 INSC
C-T 309.3 309.3 INS C
195 195 CT | CCT 310 310 DELC | T-T/C | T/C-T
T-T/C DELT | C-CT
196 196 T-C 311 311 C-C/T
198 198 C-CIT 311.1 | 3111 NS C
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These data sets inply that the designation of malignant or benign

ti ssue,
hi st ol ogi
di sease

transformation begins at the cellular
PCT/ CA2006/ 000652 t he nor phol ogi cal
the nmutation patterns are
mat ched prostate tissue from an i ndividual
pati ent,

al tered.
i nconsi st
or

cal

as made by a qualified pathologist using routine
nmet hods and gradi ng standards,

does not identify early

pr¥QrUedI¥®® This strongly suggests that mal i gi&ACA2006/000652

| nportantly,

ent for

in comparison to

anot

ti ssue sites where cIonaI

her

expansi on

| evel before 48 WD 2006/111029
characteristics of a cell are
conpletely

patient,

per haps indi cating possible
occur.

of nallgnant ceIIs may

Mor eover [FSeparat e Ngg €

the same |i ndivi.dubbid: W)

nutati on || rtffzgflﬂ 5 sﬁwum

t han spec L "gpﬁgf HECS RET

di sease and Pprogrgsst om d e

fromindilvi dual s M t moknowo-apras&atie _cancer, and fn tne

prostatectony group with known advanced staging,
hi st ol ogi cal |l y benign tissue has

It 1s Irkely that
10 undergone sone intracellul ar

transformati on(s) associated with neopl asi a and possi bl.e progression
towards nal i gnancy. Benign tissue harboring m DNA nutations serve as

a "bi osensor”
indicative of the rate of di sease progression.
indicate tunor aggression.

whi ch can be

Mor

nmoni tored for

i ncreasi ng nutations
This rate may al so

eover, the effectiveness of a specific

t herapy could al so be nonitored based on the change in this

nmut ati ona

pattern.

15 This technique may be used as a confirmatory
test for benign needl e biopsies.

Currently when a patient has a

needl e bi opsy perfornmed on the prostate and the tissue | ooks
hi stologically benign he is sent home and is usually schedul ed for

foll ow-up needl e biopsies in six nonths.

Use of the above net hod

woul d exam ne the already taken needl e biopsy tissue and either

confirmt

hat the

tissue is benign on the nol ecul ar

| evel as well, or

find evidence that there is in fact a malignancy in 20 the prostate

that was geographically m ssed by the needl e biopsy technique,
that the tissue is pre-
Thi s’ coul d potentially save a | ot of people from undergoing
mul tiple surgerles or allow for early preventative treatnent.
2006/ 111029 PCTUCA2006/ 000652 Tabl e 4 Base Mt ati ons:
mut ati ons of honopl asm c to honopl asm c,
and heteroplasmc to honoplasmc 5 * The f
nucl eoti de represents the nornal
separated by an
Hi stori cal

| evel .

het er opl asm c,

nucl eoti de;
denoted as an

"X

* *

neopl astic or

or
neopl astic at the nol ecul ar

49 WO

Obser ved

honopl asm c to

rst

nucl eoti de, followed by the mutated
When no blood is present, it is

nunbering wherein deletion at BP 3106

is denoted as a gap and the rare pol ynorphism 750A has been retained

5t




10 BP BP elimnating , , eimmting" BP Hi storical position Hono,.
Hono- Heiero position Hompo- Honp- Hefe'ro- BP Historical Numbering-
gap at 3106 Honb Hetero Honb Nunbering** a at 3106 Hionio ' TTetero
-Hormo  10wdQ@odbA@0Zs T/ C 200 200 A-G A-A/G 31 31 GO T 204/C20d06/D00G52
T-T/C CGCr 41 41 CT CGCT 205 205 A-A/G 55 55 CT 207 207 A-A G
57 57 AT GAGGA 6161 CGCT 208 208 T-T/C 64 64 CT 214 214
ANG 72 72 CT CCT 217 217 CT T-CT-T/C'222 222 CT 73 73 A-G
A-A G225 225 AGAANG 81.181.1 INST 226 226 CTCCT 93 93

GGA 228 228 ABPAANG 94 94 A I\/G GGEA 104 104BPC-__ T 22
113 113 C— Cfr -eiminating 1 A A_/_---G 11 cerr 235)4 *
G G A ,14’35'@% CeCr 1 GlaS, T il
150 | 28R bag “}‘“3‘, --
6 “Hetero?/. beid e
cc Gaig (T |1Ng,clr 7C meéw 9 DL CLAAIG A
T-C A’SI@QG A 2627 Nse T 17 C Clife1280 28036 -G T 1827187 1k
C- C/|T 29% 295 T-231-1/C__186.GI8 G GiA6297] 29> A G G A ANGrT
303.11 30% 1 IINS 325G (r IC-1B0BCZ/13 NS X811 1811 G-A | G-G/A
329 329 G-T 1842 1842 A/GA
304 394 CCT 1883 1883 AIGG
' INS
416.1 416.1 G/A 1888 1888 G-A | G-G/a | MGG |
419 419 A-A/G AIG-A
456 456 C-T 2005 2005 CI1-C
T-T/C 2056 2056 AIG-G
462 462 T-C ' . 2068.1 2068.1 | INSA
465 465 T-T/C 2075 2075 T/G-T
468 468 C-CIT 2257 2257 CT-C
477 477 CT 2258 2258 A/G-A
481 431 CT | CCT 2259 2259 T-C
432 482 C-T 2261 2261 C-CIT
439 489 CT | C-CIT 2280 2280 CIT-C
497 497 T-C [ T-T/C 2351 2351 C/T-T
499 459 A-G 2352 2352 CIT-T
501 501 C-CIT 2357 2357 C/T-C
505 505 C-CIT 2359 2359 C/T-C
506 506 C/T-C 2389 2389 C/T-C
508 508 G-A 2596 2596 G-G/A
513 513 AG 2627 2627 G-G/A
513 513 DEL A 2657 2657 C-T
514.1 514.1 INS C 2683 2683 C-CIT
515 515 A-AIG 2689 2689 C-C/IT
515 515 DEL A 2706 2706 A-G | A-A/G
515.1 515.1 INS A 2761 2761 C-T
517 517 T-T/A 2857 2857 CCIT
523 523 A-A/G 2885 2885 C-CIT
523 523 DEL A 2027 2927 C-T
523.1 523.1 INS C 2048 2048 C-T
523.2 523.2 INS A 2952 2952 C/T-T
523.3 523.3 INS C 3010 3010 A-G | A-A/G ]
523.4 5234 INS A
533 533 A-G | A-AG 3013 3013 G-G/A
536 536 C-CIT 3036 3036 AIG-G
567.1 567.1 INSC | 3040 3040 A/G-G
568.1 568.1 INSC 3046 3046 CIT-C
568.2 568.2 INS C : :
709 709 A-AIG 3308 3307 T-T/C
G-G/A 3338 3337 1 CTT
785 785 C-C/G 3349 3348 A/G-A
857 857 G-C 3394 3393 C-T
909 909 G-G/A 3398 3397 T-C
1189 1189 C-CIT 3469.1 34681 | INST
1247 1247 G-G/A 3480 3479 G-A

1431 1431 G-G/A 3499 3458 AIG-A
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186 188 A-G 305 305 CCOT GA GGA 309 309 T-T/C 189 189 A-G A-A/G
CCT GAGGA 309 309 DEL C 192 192 T-C 309.1 309.1 INS C 194 194
T-C T-T/C ?‘Qé %6%)]%22 INS CCT 309.3 309.3 INS C 195 195 C T CGCr
310 310 DEL /G-I T-TICDEL T GCT 196 196 T- @CTLCA280p0065
T 198 198 G Crr 311.1 311.1 INS C 50 WO 2006/ 111029

PCT/ CA2006/ 000652 BP gp elimnating elunlnatng v ,. . BP

Hi storical position Honmo Honp-, fleterp- BP Huterl Cil posits .

Hooi o- Honfor Hetero Nurrberin' "' "a at3106' 1 onp Hotero Heno'
"Nnnberln" ** a =sifr3;1 b :Sono ,Hetero' > $orno 199 199 T-T/C 312
312 CGCT CCOT 313 33 C-C/C 200 P00 GIA G'G-A b WP 20087 TTI029 T
PCT/ CA20Q06/ 000652 el?gﬁerg elimpating'' ellimnati n;élit:;qxﬁm tionl '~ ° % ;
- position ik Sk OF g Honor.. Hon BPPEHEY gr.i cal |. ga o
For. Hom Lk as er| 5 Bk Eéf‘ i Hofgf Rurtos pfioms | Roteia
3106 Honw_Hetsex 0. | Horses 31[5. I'NS ClI78871 719 As8 G ACKE A yd
315.2 INS_C P61 176W0A/ T BAG-G| A BYB6 176Gsgd T-| T 34
CT CC L1848 1811 BN G 289GG T 184873 1842 388:G- A~ 39
C-C/T 1883 1883 A/GG INS 416.1 416.1 G A 1888 1888 GA GG A ANGG
419 419 AA-A/G AAG A 456 456 C-T 2005 2005 C/r-C
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- 2056 2056 A/G G 462 462 T-C 2068.1 2068.1 INS A 465 465 T-T/C
;0;{3020(7)2 T/GT 468 468 GOT 2257 2257 C/T-C 477 477 C T 2258 2258
A GA 481 481 CT G C T 2259 2259 T-C 482 482 CT 2261 2261 CGCOT
489 489 CWP 20011022280 2280 C/ T-C 497 497 T-C T- T/ C 2B3HICARHI0EST- T
499 499 A-G 2352 2352 C/I1-T 501 501 CGCT 2357 2357 ¢/ T-C 505 505
C-CT 2359 2359 C/T-C 506 506 C/T-C 2389 2389 err-C 508 508 G A
2596 2596 GG A 513 513 A-G 2627 2627 GG A 513 513 DEL A 2657 2(:557
C-T 514.1 514.1 INS C 2683 2683 CC/ T 515 515 A-A/ G 2689 2689 C-C

A/ G 515.1 515.1 INS A 2761 2761 CT

515 515 DEL A 2706 2706 A-G A- - .
517 517 T-T/A[2887.2457 C|O'T '523 5p3_A-ATGP88BP 2835 CrOTT ~ :er 523
DEL A 2927 29'-:5_,-. Les23. 1 523, 1. 1.NS £72948 294;9_;:;%3‘: 2372 523.2 .
2952 |29%utdal 33003 fﬁmt)'\%gﬁ’ 30110 Aarat Micadtlids
| NS ANoBBerib33 06°\- A\KEni3( el oG Ninfbers 53@10@' b‘?\ “Hetarg
A G G587 1 562636 | NSCT 3040 3040 A (:rEﬁssbb T58p8 T TINS
ca- C| 56852 5hg 363 NS 64709 709 A-A L 3308 3307 5d6T  C ol
3337 (e 785 368 T~ o/ Gl9RW8 (3348 N G582 857 851 G| C 33¢
dre-893~ o380 10T T | GGIA 5897 5896
909 90933 & AT T IT M+ 1C 5084 3083 AG
3908 3907 C-T 5085 5984
3566 3965 C-C/T 5999 5098 C-T
3969 3968 C-T 6000 6008 C-CIT
3992 3991 C-T 6028 6027 AIG-G
4017 4016 C-T 6037 6036 G-GiA
4185 4184 C-T 6041 6040 | ¢c-CT
4216 4215 T-C T-T/C 6047 6046 G-A
4217 4216 A-A/G 6059 6058 C-C/T
4239 4238 C-T 6147 6146 C-T
4418 4417 C-CT 6219 6218 C.CIT
4361 4560 C-T 6221 6220 C.C/T
4569 4568 ‘ G-G/IA 6224 6223 C-CIT
4580 4579 A-A/G 6307 6306 A-AIG
4591 4590 T-T/C 6314 6313 C-CIT
4646 4645 C-T 6382 6381 G-A
4655 4654 A-AG 6548 6547 C-CIT
4703 4702 C-C/T 6553 6552 C-CIT
4716 4715 CC/T 6557 6556 C-C/T
4722 4721 A-AIG 6379 6578 G-A
4733 4732 C-C/T 6643 6642 T-TiC
4735 4734 C-C/T 6667 6666 CCIT
4787 4786 G-A G-G/A 8686 6685 T-C
4826 4825 C-CfT 6691 6690 G-A
4864 4863 | C-C/T 6776 6775 C-T C-C/T
4892 4891 C-C/T T-C T-TIC
4917 4916 A-G A-AJG 6827 6826 T-T/C
-G/A 6912 6911 G-G/A
4951 4050 C-C/T 6917.1 6916.1 INST
5036 5035 A-A/G 6953 6952 G-A
5046 5p45 G-G/A 6989 6988 A-AIG N
5102 5161 A-AIG 7007 7006 C-T
. 5147 5146 G-A G-G/A 7013 7012 G-G/A
A-A/G 7028 70217 C-T C-C/T
5174 5173 C-C/T T-T/C
5198 5197 G-G/A 7055 7054 A-AIG
5213 5212 C-C/T 7059 7058 G-GiA B
5300 5299 C-C/T 7146 7145 A-A/G ]
5312 5311 C.C/T 7159 7158 T-T/C
5371 5370 C-C/T 7184 7183 G-A G-GfA
5424 5423 C-C/T 7256 7255 C-CT
5440 5439 C-C/T 7309 7308 T-TIC
5456 5455 C-C/T 7339 73188 T-T/C
5593 5562 T-T/C 7406.1 74051 INSC
5633 5632 T-T/C 7407 7406 T-C T-T/C :
5650 5649 _L G-GiA 7412 F411 (CIT )f(C/'T)J
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1189 1189 C-Cr 3469.1 3468.1 INS T 1247 1247 G G A 3480 3479 G A
1431 1431 G G A 3499 3498 A/G A 52 WD 2006/111029 PCT/ CA2006/ 000652
BP elimnating elimnating position position BP Hi storical gap at
Hormp- Homo-W§iet ’rlb“mBP Hi storical gap at Flomp Honp- HetBSIECAWGISIHSH
** 3106 Honp Hetero.' Hombo Nunbering** 3106 Honpl3eteraHono 1693 1693
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el umat i ngg_c%%l,natj imBP- B spgﬁ% position Homo- Hopo- Hefero , BP
Hi storical — o posy H—HeRg—Si O AT CA AT
at 3106 lg.,.: o 11 Dle?lq:ﬁTl N mv 04 ‘_,::"‘
o> 1652216526 Aok F-1605716ka6- T |CACCHIALIAALCACIZATS
PCT/ CA20061: 856652 %6211? 7 "CAGCAATCAACCCTCAACTAT
22 16410r 19 AGGATGGTGGTCAAGGGAC
23 389r 20 CCTAACACCAGCCTAACCAG
24 420r 18 GTGCATACCGCCAAAAGA
25 711t 21 AACGGGGATGCTTGCATGTGT
Formalin Fixed Tissue Brimers:(used for 31 prostatectomies), -
SEQ ID Length (#
NO: Primer bases) 5.3
26 6497 21 TAGGTTTGGTCCTAGCCTTTC
27 1051f 26 ACAATAGCTAAGACCCAAACTGGGAT
28 1247r 22 CAAGAGGTGGTGAGGTTGATCG
29 8959¢ 22 CGATAATAACTAGTATGGGGAT
30 8814f 22 CCAACTATCTATAAACCTAGCC
31 9247F 19 GCCCATGACCCCTAACAGG
32 9868r 21 CGGATGAAGCAGATAGTGAGG
33 9711f 22 CTGGGTCTCTATTTTACCCTCC
34 10663f 18 TCTTTGCCGCCTGCGAAG
35 10766t 7 TTAGCATTGGAGTAGGTITAGG
36 11813r 26 GTAGAGTTTGAAGTCCTTGAGAGAGG
37 11629f 23 AATCAGCCACATAGCCCTCGTAG
38 127097 28 GGAAGATGAGTAGATATTTGAAGAACTG
39 12528F 2 GAACTGACACTGAGCCACAACC
40 13516r 23 GGTCTTTGGAGTAGAAACCTGTG
41 13239F 23 CGTAGCCTTCTCCACTTCAAGTC
42 15351t 23 TCGTGCAAGAATAGGAGGTGGAG
43 15144f 25 TCCCGTGAGGCCAAATATCATICTG
a4 61451 24 CAGTTGCCAAAGCCTCCGATTATG
45 5867F 25 CAATGCTTCACTCAGCCATTTTACC
46 13957r 22 CTAGATAGGGGATTGTGCGGTG
47 13838f 23 CCCTAGACCTCAACTACCTAACC
43 150261 21 GGCAGATAAAGAATATIGAGG
49 149371 22 CATCAATCGCCCACATCACTCG
50 1938f 24 AGAGCACACCCGTCTATGTAGCAA
51 2084r 26 TACAAGGGGATTTAGAGGGTTCTGTG
52 2973f 24 TAGGGTTTACGACCTCGATGTTGG
53 3101r 24 TAGAAACCGACCTGGATTACTCCG
54 3728f 23 CATATGAAGTCACCCTAGCCATC
55 3893r 23 GTTCGGTTGGTICTCTGCTAGTGT
56 4888fF 27 CAATCATATACCAAATCTCTCCCTCAC
57 5035r 25 CATCCTATGTGGGTAATTGAGGAGT
58 5981F 23 TGGAGTCCTAGGCACAGCTCTAA
59 6154r 24 GGAACTAGTCAGTTGCCAAAGCCT
60 6911f 24 TGCAGTGCTCTGAGCCCTAGGATT
61 7082r 26 GAAGCCTCCTATGATGGCAAATACAG
62 7829F 25 CGCATCCTTTACATAACAGACGAGG
63 30297 24 GGCTTCAATCGGGAGTACTACTCG
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Table 5 D-Loop Prinmers (used for formals fixed tissue and' bl ood for
needle bio "sies SEQID Length (# NO Priner bases) 5 -3 19 15971f
20 TTAACTCCACCATTAGCACC 20 15f 20 CACCCTATTAACCACTCACG 21 16211 If
22 CAGCAAWOAMBOCTBAACTATC 22 1641 O 19 AGGATGGT GGT CAAGEAMGAB06389r
20 CCTAACACCAGCCTAACCAG 24 420r 18 GIGCATACCGCCAAAAGA 25 71 1r 21
AACGGGGATCCTTGCATGTIGT Formalin Fixed Tissue | rinmers (used for 31
rostatectomes SEQ ID Length (# NO Priner bases) 51-3° 26 649f 21
TAGGTTIGGTCCTAGCCTFTC 27 1051f 26 ACAATAGCTAAGACCCAAACTGGGAT 28

1247r (22 _CAAGAGGT GGT GAGGT TGBI6S Prii:r 8@bitatebnFEATAATAACTAGT ATGGGGAT -
30 88ILMEQID CCAACTATCTATAAACCTAGEC 31 9247f 19 GCCCATGACCCCTAACAGG
32 986021 CEBAREAACLAGNT BBRE/GES'-B3 9711f 22 CTGGGTCTCTATI TTACCCTCC
34 106638f 18 TOHBIEC GBGAAG_3SANITEEATZ2GATABCAGGEEBAGTAGGT TTAGG | .
36 118%3r 26 GYMBAGTITGAAGECCTTGATRGBGLIASTCHFIGPRACRECG
AATCA CATA( CGIrAG 3% 12709F€T28TaIGRIABEIA@BTATTTGAAGAACTG
39 12528f 22 GANETGACACT GRECCACAABTGTIDAGBEGG6GCIBACATCACC
GGTCTTEECGAGTAGMSACCTGTIG 24 13239FGIGACCTACCRIALATOARATTGAAGIC 42
15351r] 623 TCGTBIRAGAAT AGGABGT GGAGGGAZ CARDGATARTGCTACCTTTGCAC
T [GAGGCCAA TCATTCTIG 2344 614SACTGTCASTTCEERASBGCTBAGATTATG 45
5867 25 1CAATGCYFEACT CAGCCABTTTACCGCABGEG8IBBAGRI GGCTAGAAT
CTAGATACCCCGATTEIBEGETIG 4723138381 GZTBALGETAGABGRGAACTHIGIMACC 48
150261 731 GCCAGRTAAAGAATATIBGAGG | TTTAGCTGACCTTACTTTAGGATGGG

74 4337f 24 ATGAGAATCGAACCCATCCCTGAG

75 5551t 24 GGCTTTGAAGGCTCTTGGTCTGTA

76 6418f 23 AACCCCCTGCCATAACCCAATAC

77 7554r 33 CTTTGACAAAGTTATGAAATGGTTTTICTAATA

78 7400f 22 CCCACCCTACCACACATTCGAA

79 R441r 26 GTTGGGTGATGAGGAATAGTGTAAGG

80 8346f 26 CAACACCTCTTTACAGTGAAATGCCC

81 9413r 24 GCCTTGGTATGTGCTTTCTCGTGT

82 10285t 21 GGTAGGGGTAAAAGGAGGGCA

83 9273f 21 TCAGCCCTCCTAATGACCTCC

84 10198f 19 CCCGCGTCCCTTTCTCCAT

85 11408r 25 GGAGTCATAAGTGGAGTCCGTAAAG

86 11210f 24 TTCTACACCCTAGTAGGCTCCCTT

87 12231 26 GTTAGCAGTTCTTGTGAGCTTTCTCG

88 12096f 22 TCCTATCCCTCAACCCCGACAT

89 13098r 26 CAACTATAGTGCTTGAGTGGAGTAGG

90 128811 26 CATCCTCGCCTTAGCATGATTTATCC

91 13851r 24 GTTGAGGTCTAGGGCTGTTAGAAG

92 14738f 24 AGAACACCAATGACCCCAATACGC

93 15731r 28 CTAGGAGTCAATAAAGTGATIGGCTTAG

94 15347 23 CACGAAACGGGATCAAACAACCC

95 16000r 24 CTTAGCTITGGGTGCTAATGGTGG

96 5544f 21 CACGCTACTCCTACCTATCTC

97 6482r 20 GACTGCTGTGATTAGGACGG

98 13354f 23 TTTATGTGCTCCGGGTCCATCAT

99 14458 22 GATGGCTATTGAGGAGTATCCT

100 14399f 21 ACACTCACCAAGACCTCAACC

101 15593r 23 ATCGGAGAATTGTGTAGGCGAAT
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49 14937E 22 CATCAATCGCCCACATCACTCG 50 1938f 24
AGAGCACACCCGICTATGTAGCAA 51 2084r 26 TACAAGGCGATTTAGAGEGITCTGIG 52
2973f 24 TAGGGITTACGACCTCGATGITGG 53 3101r 24

TAGAAACCGACT EBATIARTCCG 54 3728f 23 CATATGAAGTCACCCTAGCTARSIO6HEGS2
3893r 23 GITCGGITGGTCTCTGCTAGTGI 56 4888f 27 '

CAATCATATAE&Add OF GHAED éléion idthe AiBNRA o2 Prdsiddidend GT GGGTAATTGAGGAGT

58 5981f 23 TGGAGICCTAGGCACAGCTCTAA 59:-6154r 24

GGAACTAGT CAGT TGEGRAAGBCET apéekiB9dlg f3.42KilchBEABT GEEGHGABESCOTAGRATT mibthondrial

COCATCETTT AR TARCARRA - Bparas el it Absprsemesonc preieet s
2006/ 1110292PEhnasd 608/ Bo0Es 20008 asopriP(brrend 3500 dpatTeot mesildE Qudidathi@rletions
Primer Length 1&eﬁtlft&§1§i%rh/ﬁtom§p 1 %%dgn@ 8% L%ﬁ %%M%%Iﬂ@ga%e, S.

65 919r 22 TTGGGI 66 1644}
CTCCTAAGT GFARET 8kttt ®. G MIEORFAP 2 hpmrariosizydis 20ACE2006 8pdate.

1488 24 CHiAGEAES HebhhASRALT: aTa@aseﬁgsugﬁﬂfaﬁ 62.8 2005f wWWwW, mltomag org%g the 3397 bp

GGAACAAGTGA\ TAT ACCTTTGCA 0 2417f I 71
36411 23 GEIAELEPACKEC A REAND 1731501 8% 1 3P ARG IRSREOOBHS e
73 4417r 26voTde Teﬁ%‘rm TTINGATIGkard $imd39iith Bﬂdged the deletion junction was

CCCI GIA 76
é\lfgf M la SS%dafsf %gﬁ%ﬂe primer extende mc':t-}ll_ert an the repeat

CT TTGACAAA@TIAW&E’J&?&J ETARETA's a behedfiagrhth showing the design and sequence of
%%Aﬁgﬁﬁw %(’fﬁ&s or %—!ne'la\con coxresp01'1AaGTg tﬁﬁ%?gaop deletion
(referred to as the 3.4 kb deletion) at 10744-14124 were obtained.
The deletion removes all or part of the following genes: (i) NADH dehydrogenase subunit 4L,
15 (if) NADH dehydrogenase subunit 4, (iii) NADH dehydrogenase subunit 5, (iv) tRNA histidine, (v)
fRNA serine2, and (vi) tRNA leucine2.
The 3.4kb 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.
- w. Previously, the present investigators sequenced entire mitochondrial genomes from 32 tissue
20 - szignpl’é's microdissected by I.CM and 12 needle biopsies from histologically normal prostates.
Archi;ijed 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 QIAamp DNA Mini
25 Kit (Cat # 51304). Following extraction the samples were quantified using a Nano-Drop
spectrophotometer and the concentrations were subsequently normalized to 2ng/ul. Each sample was
amplified using 20ng input DNA and an iQ™ SYBR Green Supermix kit (Bio-Rad Laboratories Inc.)

Reactions were run on an Opticon® 2 (MJ Research).

As shown in Figure 6, a distinct difference was observed in cycle threshold and, by extension,
30 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 11: 3.4kb DeletionlBlinded Study — Comparison of Cycle Threshold
Following the study described in Example 10, an additional 21 samples were selected, 10 of
which were benign and 11 of which were malignant. The pathological status was determined by
35  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
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81 9413r 24 GCCTTGGTATGIGCTTTCTCGIGT 82 10285r 21
GGTAGGGGTAAAAGGAGGCECA 83 9273f 21 TCAGCCCTCCTAATGACCTCC 84 10198f
19 CCCGCGICCCTTTCTCCAT 85 11408r 25 GGAGICATAAGIGGAGTCCGTAAAG 86
11210f 24wHbOACACCTAGTAGGCTCCCTT 87 12231 r 26 PCT/CA2006/000652
GTTAGCAGITCTTGTGAGCTTTCTCG 88 12096f 22 TCCTATCCCTCAACCCCGACAT 89
13098r 26 CAACTATAGICCTTGAGTGGAGTAGG 90 12881f 26 ‘
CATCCTC@CTTAGCATGATTTATCC 91 13851r 24 GITGAGGTCTAGECCTGITAGAAG 92
14738f  24inneky 1ca953aﬂ355:3133cﬂy 2881% of the cases by examining the

SEA?SSS&W aﬁ@@@g@ 4%%24 8 BRI SIes Dot Wert derimined to be

CACCCTACTHeaigAGaT ATEAE befign G4fd¢s Bt %CB%GT@GAEMGGA@G&':Q 8Fali33 Qg f clididal

123081 21 ROCTRCERAALEMHAL LR My Bl 35 e S phindin 6 Wemine

AT CGGAGAAT TheT BHABECTiHghTsed 4 X2 B A Er0BRqRTTH GA20AHY BOBS 5Rultsmesaitor tis
10: 3.4 et i i

appr ok naks?uedPe o E@E}ello gg\%m%@% fauf I&# %‘l‘&’?‘h Br“‘ bqflv%t bRt by this
m t oc honoﬁ*tidalto h@éﬁ@#ﬁgfawl SP‘?Svatiymﬁocbﬁedfarre@lﬂnw wrek- ms@st's%.riteorlem%néalse
Usi ng | i neaikivds@edate 3 Q0 positie. ﬁb&ﬁr@gaﬁ@ﬁ%@&slm prefiRiRd @&%&%%%to@ the
be between 3000 base pairs g?h ) ossl bl e candi dat e
del et onsca@Svs‘é?@nfddéhth% Ftéfév u ﬁgﬂtrwaﬁeoﬁﬁﬁwe mreaéﬁ&% valyg (@V visre PPYrtrue

-I[-)- ) C“%Y_?ﬁsxtl%S/(l@i&pO&BﬁﬂSHﬁlse ositivBVRE b8y sty wabB 9:1%3&%11 Ao nePativé pYlcliRCHine

ochondri al one dat ase--2 04 updat e.
Nucl ei ¢ swksé%lgﬁﬁ?%we%a 16 28113 ey HeBR A BES 5% 005,
www. mi t omap. org), the 3397 bp deletion at 9574-12972, and the 3379
bp del et i Exangle 1203 .4kb Deldd4 Study ~-Makads (xe-76)et er m ne whi ch of the two
del eti ons rect, if either, a forward prinmer which bridged the
deletio %%ﬁi%ﬁ%ﬂgggs 10 devel oped for each of the two candi dates,
ensur | ng t hat Sevratypid prestatesitsessdeste xaminké for thvalyt kthdelstiopamthis shelyi dvdtissue

t hat rggm Lipewde 'f&hmeﬁas%ﬁngﬁhg&n@ 18 %ngﬁ\;rln@r gadaﬂf ﬁa%g*is X}%r[‘?métﬁ%

de5|gn and sequence o Poditive anp cation
for the ah§shse@dphopshisodasisal. r@f the latteTeRrayg noreiendenlidhail é;werqlaserr kil wecimens
as the 3. ﬂer&kbe@i@b@%éé@Me@ﬁonl@lﬂﬁes%éﬂk&é" A8E Srobdsai ned. The del etion

renmoves all or_par he foll ow ng genes: (i) NADH dehydrogenase
subuni t Zrﬁrostate Specimens

A tapelift was performed on each slide using Prep-Strips (Catalogue Number LCMO0207)
20 from Arcturus Bioscience Inc, This allowed the removal of any particulate matter or non-adhering
tissue from the siide prior to DNA extraction. With the tissue stiil
on the slides, the slides were rinsed with PBS (Phosphate Buffered Saline Solution) to remove as
much fixative as possible. The 1-2 needie biopsy sections on the slides were scraped into sterile
microcentrifuge tubes using individually wrapped, sterilized surgical razor blades. DNA was then
25  isolated and purified using 2 QlAamp® DNA Mini Kit (Qiagen, Cat. # 51304) according {o
manufacturer’s specifications. A negative extract control was 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 spectrophotometry (Nano-Drop ND-1000) and dilutions of 2ng/ul were
prepared for the purpose of Quantitative Polymerase Chain Reaction (QPCR).

30  Primers (Oligonucleotides)

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 6. 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 were checked

35 against a mitochondria-free rho 0 cell line to confirm the absence of pseudogene coamplification.
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15 (ii) NADH dehydrogenase subunit 4, (iii) NADH dehydrogenase
subunit 5, (iv) tRNA histidine, (v) tRNA serine2, and (vi) tRNA

| euci ne2. The 3.4kb del etion was determ ned to be present in 91% of
33 fresh frw@eweprvst ate sanples. Wth the specific delretiazoos000652
primers, formalin fixed tissues were tested in order increase then
val ue.  Pr&oblo6amplificatien Rymesent i nvestigators sequenced entire

m t ochondri a] genomes from 32 tissue 20 sanpl e’ s microdissected by
LCM and 12 inkéwerdPairi opsi es! Pesitionrimsglisied &t 82l | v nenghlof P plificd tpesduct
Archived tilssue sections fromeach of these sanmisspaiesie used for the
foll owi ng sitifleletionRegler i a| 1072284378 (less RaH9%p stenp2e@dl from each sanple.
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Total 25pul
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Seventy-six prostate tissues were examned for the 3.4 kb deletion in
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Tabl e 6Amlification Primers.
Lengt h ofAnalys¥ i fi ed product
10729 14379 (less 3379bp at 273 Time 10744-14124)

Priner Pair

Position Amplified 5'-
(base pairs) 3.4 Deletion Real-
12s mt DNA 708- 945

3!

238" FNF 3756TBg®d cydiing. Balgimedafggtion iGraigss] ¢f Ahgreactipss) was qarricgout using 2

5' TAGACTASGTARGME
(14361-14379) ,5' -

( 708- 728Magitdr
(923- 945),.&ifGAGT OIE

@&W@%&esceﬁ&@ét@tlmsls%%%qﬁpﬁkdrvﬁbﬁﬁﬁtﬁﬁve 0pt1con

f orwar d

GGTAGGATTGGI GCTGI - 3

SEQ |
corfeercaMhBrreabderc. Fhe sEnsed guee mefhod oy utiliced lop DNA
BERATGHonEEQ, 1016, 18425, 0o tare VRt ied

(3756- 37?’@1 generateg tempiates onc-lj-aro uct fg-r TT3 g dele%lon one fo'?l(tjhe 1%5 primers, and one for TNF.

i0

mtDNA (12s amplicon-total mitochondrial genome primers),

From this, three different standard curves were generated showing the number of copies of total

3.4 deletion or total nuclear DNA

(TNF-single copy nuclear gene primers). The Cp values of the samples can then be converted to the

number of DNA copies by comparing 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.

15

The determination of malignancy is based upon the quantity of the 3.4kb 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 3.4kb deletion. This may be

expressed as a per cent of the total mitochondrial DNA. The number of cells, as reprsented by the

20

TNF amplicon, may be incorporated to refine the distinction between benign and malignant tissues,

. In order to automate the analyses of these samptles, bioinformatics tools were employed. The

three variables that are considered for these analyses are the cycle threshold Ct of Tumour Necrosis
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TNF reverse 3866-3886 5' - GGTTTCGAAGIGGTGGICTTG 3' SE | DNO 144 For

TNF prinmers, Primer Reference Eppendor| Hot MasterTm Application No. 1
5 Hot Master-An innovative Hot Start/Cold Stop technol ogy for better
PCR* resul t¥80 20061182 Hal | ey and Vi ncent Prezi oso, PhD GPerga2édaiodoese,
Eppendorf- 5 Prinme, Inc., Boulder, CO USA Vincent Prezioso,

Bri nkrnann Instruments, BioSytems Application Lab, Westbury, NY
http://ww. brinkmanncanada. com applicati ons/PCR appl _hotmaster. asp
10 Real - Ti RestaodTibrtetalesiChies af Rétadiondsia 1t reotais ehese appeciRCRSmevesites, and those
per for med %ﬂoﬁ@ﬁ&hﬁlﬁ%&mg@@aet{oﬁgﬁhfeﬁ& was 25| total volume and
included tenpl ate DNA, one pair of priners (12s or 3.4 Deletion or

TNF ), an Q@iﬁﬁ@!@ﬁ—se een Superm x kit (Catal ogue Number 170-8882,

Bi 0- Rad Labor at ?s I.nc.) and distilled de| oni zed wat er ddHzO) .

The TNF (t unor ﬁ&& eiRE Va3 eHIo MRl BRIOr Werg legerimus ferslonsised s o t@%ﬁ@ﬂar and
primers; ashilkdge dbda@ONpr i sed total mtochondrial genome priners. The

e TR T e S L -
Concentr at mdrnhepeaxm\iothamlq@&mshoﬁmamnmmmorﬁﬁaanhmMR Reactl on Buffer | X
stock ddrzo N A3 el e AL pURR otk Bie PG S e e i o1 st
2006/ 111028 prR&nL. CA2006/ 000652 The cycling paraneters for each
_?_gprr:)'e??fu?;e ! "lshtefpﬂmh Igg%pzll %‘ergisshg»@rpfnq:i%re%gé%ng epP ﬁrt%nc].? ee(-rgesz’f%d)slget?een the
pri ners) o‘fa“é@essiﬁ@deeqﬂ Fotal prd BINF.nEesdelegon i§ loveto(appent for itheehesipn/dorind s3@ples
sec 5 Pl agigntReasl -fd (Rrch@s MoWard the left) with abnormal benign and malignant samples. The
abnormal benign and malignant samples begin to differentiate themselves from each other based on

the cycle threshold ratio of Deletion to TNF.

15 Supervised Leaming

Supervised learning is based on the system trying to predict outcomes for known samples.
Half of the data was used to frain and the other half to test the algorithm. Supervised learning
compares its predictions to the target answer and "leamns” 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
20 system and the weights are adjusted accordingly.
Data SET: 5% to 35% - Benign
35% to 65% - Hyperplasia
65% to 95% - Malignant
ANN Algorithm (shown schematically below):
25 Half of Data set used for Training ANN
Other half used to compare the accuracyAccuracy = Compare expected data set with obtained data set
-2 86.6%

69



7 Melting Curve 50C - 110C reading every 1C 3 sec Repeat steps 2-5,
44 times for a total of 45 cycles. Analysis 5 Thermal cycling,

real -tine detection and analysis of the reactions was carried out
using a WhAekngime Opticon(r) 2 Continuous Fl uor escenaga/@ebenkidn
System equi pped with Intuitive Qpticon Monitor" software (M
Research Inc.). The standard curve nethod was utilized for DNA
quantification. We perforned a set of serial dilutions (106, 105, io
, 10", 102, 10') of three purified PCR generated tenplates, one
product for the 3.4 del etion, one for the 12s prinmers, and one for
TNF. 10 Fromthis, Arfificied Nenral Network algerithMar d cur ves ‘wer e gener at ed
showi ng t he nunber of copies of fotal ntDNA (12s ‘anpl i con-t ot al

m t ochondri al genone priners del etion or total Puclear DNA

( TNF- si ngl e copy nucl edrrgfReudy Mers). The CT val ues Beety e sanpl es
can then be converted tjaalfbRiataasnb b

sanple CT to that of tH

to be absent or at low levels if s
37 cycles. 15 The deterninatLan_aL¢r€Wﬂ§ %ﬁé%l' egﬂﬁt'e
gquantity of the 3.4kb deletionmpﬂesep N ncdruwat | ze&d sanpl e as

i ndi cated by the location of the cyft hr esholld. This | oesnt

be either absolute, as in greater than es but less|than 35
cycles, or nore likely a ratio bet n t he i Ir i al DNA
present as indicated by the 12s anp bﬁm o the 3. 4kb del eti on.

This may be expressed as a per cen ?wWHE t 0 honfiri al DNA
The nunber of cells, as reprsented by the 20 T NF anpllcon may be

i ncorporated to refine the distinction between beni.gn and mal i gnant
tissues. In order to automate the anal yses of these sanples,

bi oinformatics tools were enployed. The three variables that are
consi dered for these analyses are the cycle threshold CT of Tunour
Necrosis 68 WO 2006/111029 PCT/CA2006/000652 Factor (TNF), tota
speci es Quparvisaidizamohe ¢ biag g etwbikd ApIN) mer sites, and
those mtochondria that harbour t he deletlon of interest. Custer
Anal ysis The clustering was not normalized nor were |ogarithmc

f unct i onsThesddassifientives: t he sinmilar and 5 small range of data. Figure
7 shows tfe..actual novenent and trends of the data. The x-axis is the
pati ent fasia@nd the y-axis is the cycle threshold obtained from
real timgy o/t is inportant to note that the higher the cycle
threshold is, the | ower amount of the variable is present 10 The
primry neral trend shown_ in Figure 7 is_based

di f f er encEggeragaviss fos gtchslassilicption apisgdbnsed en Beal Bgrﬁqp%wcletﬂreéhold arid

TNF. Tthe Tlaloet N&fosis Fadt@WIt®) -2hgRBMcopdontdle beni gn/ normal sanpl es
(right siTie) MawchohdiGr-ads®R orddtiovey donttble | eft) with abnornal benign and
mal i gnantD&aiep!- Btochbhdria inthedeleed stdeni gn and mal i gnant sanpl es begin
to differentiate thensel ves fromeach other based on the cycle
threshol d,ratio of Deletion to TNF

15 Half of data set is used to frain the ANN, and the remaining half is used to compare the accuracy.

Three Classitication Accuracy = 86.6%
Positive Predictive Value (PPVY);
Benign to Malignant = 88.2%

20 Negative Predictive Value (NPV)
Benign to Malignant = 76.5%
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15 Supervi sed Learning Supervised learning is based on the system
trying to predict outconmes for known sanples. Half of the data was
used to train and the other half to test the algorithm Supervised
| earni ng ABAPEH6AEIRE s predictions to the target answer PamECA2baEan0wss
fromits mstakes. But, if the predicted output is higher or |ower

than the a@kuﬂﬂ)le Qe cpﬁmugerbftmsgtéaﬁ;ﬁmnbth%n%{mm %elaﬁ&pagat:ﬁﬂkbﬁfdf sunlight
t hrough the syste nd the weights are adjusted accordingly. Data
SET: 5%toe’f§"§% ‘é&ﬁ' it!'5%to 65% - Hyperplasia 65%to 95% -

Mal i gnant ANN Al gorit hm (shown schematically below): 25 Half of Data
set used f 8inceTtha iimtiah glisedNidtyGif ey pdasiblé asss@dioﬁ Gf the 13pesbe delekon with sun exposure as

266. 636 b9 L Bgtw THEBEkRT LB BBbEST. A ArBrioRat SPieilmee
al gori t him Faecipdion isTpraseni. ngs wedli fhg ddéah@nabfwor]rahw cpgfled\hanad ofétisndeldtion for a
Connect | On&laﬁ{ost%ésg%éte Gile lkhm@P&”QPe%ﬁcﬁa th%(#@%elwe Wﬁt?o'ﬂ&g n'(?\deh ngtswd for

weights for all neurons SuperV| sed Learning
Artificial dﬁmﬂwapf fedatigpy )0d(SeawNce TrHFABEETERIE 95 i fihiba ayentistivesBmer g”ﬁhls method

Hyper pl asi pmwhalfbrgmammanw Bﬁﬁpﬁh@e‘i‘ bARbRSo fiR 'he»%?%}m@ﬁ a38dnbd RN @Y Rietion
used based on Real Cycl e hreshol Tunour Necrosi s

Fact or ( TNF)PSCHRRMg gﬂ‘db‘if”&%ﬂ‘ﬁ?‘?ﬁm and-tharey allpwoldh stscfirgeltime quantitative PCR

M t ochondr (qRCRPRY s sfetectidnl dhé 88 of thlgPOR BRITEH Rablel thdguaH@h@k Aekection of
state. Res at a set used to trﬁu n the ANN, and

he.  emmi riPhO HANF G T3 8QTTE) OFBAPE RHECSEEH Ao e SYFfEEon e bes of e

Cl assi fi cakétenit AakikRtye smobfis 606cletion that measures the level of sun exposure or the character of
the malignancy rather than the simple presence or absence semi-quantitation previously reported. As
well the gPCR platform enables the use of apparently unaffected or non-exposed tissue as the

15 detection sensitivity is substantially greater than conventional PCR and ethidium bromide detection.

Background:

The incidence of non-melanoma skin cancer (NMSC) is increasing in populations of European origin
(Severi and English, 2004). For example, one million new cases are diagnosed each year in the USA
(Wesson and Silverberg, 2003) and 65,000 in the UK (figures provided by Cancer Research. UK).

20  NMSC accounts for around 90% of skin cancers and consists of basal cell and squamous cell
carcinomas (BCC and SCC, respectively). BCC are the commonest form of NMSC and arise
predominantly from the basal keratinocytes of the epidermis but also from cells in hair follicles and
sebaceous glands. They are locally invasive but rarely metastasise. SCCs are also derived from basal
keratinocytes; however, in contrast to BCC, SCC may metastasize. Compared with BCC, SCC shows

253 the greatest increase with age and is concentrated in the elderly (Severi and English, 2004). The
relative density of NMSC is highest on body sites "usually” exposed to the sun when outdoors such as
scalp, face, neck, and ears as defined by Armstrong (2004). SCC, however, differs appreciably from
BCC in having a much lower density on body sites which are "occasionally" exposed to the sun such
as shoulders, back, and chest as defined by Armstrong (2004).

30 Therefore, the major determinant of NMSC is the ultraviolet radiation (UVR) component of sunlight
that induces DNA damage. Importantly it is both the pattern (more continuous versus intermittent)
and the cumulative amount of sun exposure that influences the development of NMSC (Armstrong
and Kricker, 2001). To determiné a reliable marker of cumulative UVR exposure in human skin, the
inventors and others have examined the novel idea of using mitochondrial DNA (mtDNA), rather than

35  nuclear DNA, as a biomarker of UV-induced DNA damage (Pang et al, 1994; Berneburg et al, 1997;
Birch-Machin et al, 1998; Birch-Machin, 2000;). Compared with mutation screening of nuclear DNA
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Positive Predictive Value (PPV); Benign to Malignant = 88.2% 20
Negative Predictive Value (NPV) Benign to Malignant = 76.5% 70 WO
2006/ 111029 PCT/ CA2006/ 000652 Exanple 13: The use of a 3895 by

m t ochondmicedooddiifo20el etion as a marker for sunlight epqQIOSANES/GONGS2
human skin Since the initial discovery of the possible association of

t he 3895 t rbottle
S D008k Sheit 8, Mot B S RARM B B e RORRA Sl Aok s
the 5 a§sr§fcqltawgéﬁwresls pridesesrin mitaghongsia for bass excixikedi rERaETRE bxidwdivk ddzge, there is

enabl ed theavideRe A dublts dekieh i1QRifor 1R r%aﬁ'gﬁoﬁﬁhcphto fodfds cyclobufane
exposure or skin cancer detection, through the invenfion of ‘a nove

t

met hod f GYIMGEE S ip BIONE (eADoBhe! 2hnd9% &gtieatcad Beby | ¥y Barpiseiset ial 1997;
ful |y squaskyet aﬁdeﬂltHE&ﬂfHﬂt hf31999)-|_|"8680nﬂ}353510@11 Bl entadasp tf)@fve?ah&o@s@ﬁ@@u‘pie@gf @l
a primer robe to.the ne sequence create

b et | on BN RIEREEI 0, OR AL HToie T P QB SAR o 0 e gamaged
all ows t hmnmemoﬁghr@aip;emmmqmm fedkihive wﬁmp&(@cﬁ@m aB9990; I¥eARs «0fl
detectio he tform nab th uantitatjye .
det ect i 0%943_ él & Sleo%gtro at H‘QA 1 accun?‘f °?rpq l}f’? g?ﬁ?’ﬁ‘?emaﬁgﬁgésg%"é‘t
scenari ocmfrmorslSlqglaahltfurtcabn on is the basis of the test as it i s the

rel atjjpve ik I%tl'ﬁ\ﬁA gﬁl{]} g& hsoﬂol&gzﬂfter %%&#\ﬂ%ﬁm% n= exp sn\{lg:l in Ilm A inG&P I‘CE':).HVG?}'

or the character o gnancy ra e presernce
or absenée~ §ddpLrgisaml indardvions pedhpsoimily conpprod tn@NAAsmagw@d distinpeshgeGRen

pl at f or megnNABL&S BQuMSHoRh sRIRRPLENRE Ly lmaﬁélﬁ%?gdetoaﬁ H@@'ﬁ BRS8N et al,

-tissue as the 15 detection senS|t|V|tC\g is substantially 'greater than’

convent i 6F&) PERBRERCRiEIed hetsrsAMEC dretretoringntly fopardk@)r badsi d*‘fes'l"l‘fé‘ih are

i nci denceusefilynofpode kRO R vilch ButeRRGE bplobROitel fhal AET RSy f:kposed to the
or

popul ations, of Eurq n_ori Severi and English, 2004):
exanpfe, SEHérHtopg: .@ﬁ&ﬁewﬂ e%g‘éegma?oeadaﬁe%fgtwaé@&at@acwe )Pé"é?“t Frmplfedemapstrates

g \MSCZ on &mdthaﬂeqm&;ea@occmaé oamtmgﬁ I@El?&d' ?ags mg hSNA | gegéjfoggo 9&&:@@&&
ncer. S %
Y nears CrRg AL e This uphe gt i el rent pekatn it et et

and SCC, areéwspalyt varais Y9ccasBillyaepoteden hosan nﬂﬂ?nﬁ:ﬁ mmeﬁémﬂ}&\@&oanﬂteamb Hfk
dom t
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from cel s'In harr baceous gla

i nvasive 3§ttop deletwiny viee aih asttmec sus&mhal doses odib §Y AdEMB/lgndit sfomm basal
kerati nocytes; however, in contrast to BCC, SCC nay netastasi ze.
Conpar edmgohsmatgggsshom 25 the greatest increase with age and is
concentrated in the elderly (Severi and Engli sh, 2004) The relative

density ofe MyRSoléSadiiBh ‘?@VRPHH 4@91% ﬁ'vﬁé‘e‘?y rcb'@flﬁ!ed X5 th@mjz,% %@ltemnahh@f N
when out doors such as [cj‘ %(Fauace ck, ears as fined

Ar st r onJEERTEEFn caeer cagiaf f 'rvgi“%{f) pPrr ‘“e"é‘?“éﬁ’l"i}‘ thrtB“rﬁ’esB‘@@Vie’i‘fors and

havi ng . aotikte Eavb Gﬂduaﬁnedelﬁ:&lsé ¥ fﬁllfbcbkﬁlgﬁal SNAﬁ(&ltBﬁNAﬁtﬁhnﬁgeas ﬂﬁ&ﬁd&lé@ ?ﬁ&dniédagve
expo to the sun such, . a oul.de ack, a t as define

A e s ong (208 R R Rkre TURE SR e PR RPN L F BT B
ul t ravi ohmst sun-axfiosedi sein. (THSRppEasipe hsiitd lnﬁ:ausuNMng; prefibvainantiydiees obDNAdy
darrage Lifap ﬁgéttd?é’]usﬁ(all&‘t e)ép§se£1) o ttﬂc gﬂ%@@%ﬁtﬁ%& Q%E)gse& an 11.Je§1ﬁ49tl“£§e 'o@craagﬁsally"

intermtte
sun-exposed and as such they differ in their cumulative UV exposure. In an attempt to address this

limitation, this example investigated the frequency of occurrence of a rarely reported 3895 bp mtDNA
30 deletion in 104 age-matched human skin samples taken from usually, occasionally and rarely sun-
exposed body sites. There was a significant increase in the deletion frequency with increasing UV
exposure (p<0.0001) and of interest there was a significantly greater deletion frequency in body sites
that are "usually” sun-exposed compared to those which are "occasionally" exposed in both the dermis
(p=0.0018) and epidermis (p<0.0001). Investigation of the 3895 bp deletion in the same NMSC
35  samples used in a previous study of the 4977 bp common deletion, showed a comparatively greater

frequency of occurrence of the 3895 . deletion (8/10 vs 4/10 respectively), although this difference was
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and the cunul ati ve amount of sun exposure that influences the

devel opment of NMSC (Arnstrong and Kricker, 2001). To determne a

reliable marker of cunul ative UVR exposure in human skin, the

i nventors KA IYORELZE have exami ned the novel idea of usiPEd/CA2006/000652

m tochondri al DNA (ntDNA), rather than 35 nuclear DNA, as a
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l'ight sour g nAVRikhpds and Materials The ultraviolet radiation (UWR)

in sunlight is wdely recognized as the major determ nant of non-

mel anoma skin cancer_ (NMSC) in Caucasian individuals. Previous work
by the prié¥érmdistiondiageEcelind ot hers have exam ned the use of
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PCR analysis

The PCR was carried out in a 25 ul .reaction containing 200 ng genomic DNA, 600 nM of each

primer, 250 uM dNTPs, 0.6 U per reaction Amplitaq Gold DNA polymerase (Applied Biosystems),

GeneAmp buffer (containing, 100 mM Tris-HC, pH 8.3, 500 mM KCl, 15 mM MgCl and 0.01%
35 (wt/vol) gelatin). The PCR primers used were L404 (5° CTT TTG GCG GTA TGC ACT TT 3°) (404-
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exposed body sites. There was a signifijcant increase in the deletion
frequency with increasing UWW exposure (p<0.0001) and of interest
there was a significantly greater deletion frequency in body sites

t hat are Wosaued/11y29sun- exposed conpared to t hose whi ChPGII@A2006/000652
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mean agekéua}lg‘%})b? aEg%BEO?Erﬁagg ’a'}rf’1 & thﬁgrrqlgﬁe uﬂlﬁesrogtwgréaﬁglp %fugadjlboﬁglarﬂl 0.25%

di spase at 4C overnight (Durhamet al, 2003) and DNA was 20 extracted
usi ng a CGfagisfical amplysiasy ti ssue extraction kit. Epidermal tumours, BCC

(N=5)o SEEtiRaARaly vk BRTR g i > j el

exci sion. None Zfof?(t he pgt i%ﬁ?ﬁﬁgb]%esgﬂ?%&%pﬁﬁ?s%gﬂ%gg%cg%ﬁ? %%%89 he .
def ect . ERASOR® XaFigher's pragfantpaiisd t €88 | s A spont aneously i mortal i zed
keratinocyte cell l|ine (HaCaT) (Boukanp et al, 1988) was grown in 25
Dul beccoResun@aid Diechsdi@gl €' s medi um cont ai ni ng, 10% fetal bovine serum

5 b P RGBTy PR el 1 oBL oL, The cel s ere
cul t ur e- Theatlduh Ritics spgitsivest, NMBE irelsui-expBB8 skin drotmhgievidus atldaDrehameesly
o S BB S e oy
290- 400 Pirg Fedewingmposesh ehtha MIZONIAR(Mitomep, 3¢1}9) detabiaset e dilptonpois idestified to
total cebd teagoDNAspaSs 8%t WACkFhed in the minor arc spanning nucleotides 547-4443, This
deletion had previously been associated with Keams Sayre Syndrome and Chronic Progressive
External Opthalmoplegia (Moraes et al, 1995). To confirm the identity of the deletion, a deletion
30 specific PCR assay was designed as explained in the methods section. The 375 bp product from this
PCR was sequenced to confirm that it contained the deletion-junction sequence that is characteristic
of the 3895 bp deletion, namely 5° CTAACC **¢ %0 bocataceccgaa®™® 442 AATGTT 3 (SEQ ID
NO: 147). Characteristically, this sequence contained only one of the two 12 bp repeats that flank the
3895 bp deletion in wild-type mtDNA (lower case letters).

74



30 fromthe adherent cells using the Q agen, DNeasy tissue extraction
kit. PCR analysis The PCR was carried out in a 25 pl reaction

contai ning 200 ng genom c DNA, 600 nM of each primer, 250 sM dNTPs,
0.6 U per ne@ewednoznplitag CGol d DNA pol ynerase (Appl i ec@roeyswtoents)
GeneAnp buf fer (cont ai ning, 100 nM Tris-HC, pH 8.3, 500 mM KCl, 15

Laos” ?5 O Oniotlor i gl Bt e 9 ) m‘gﬁm‘?ﬁ‘o g0 G PHRR Y8 ualy sun

PCT/ CA2006# @0t orsusjthaserwhighorepscasionally expBledand HA676 (5 GAT TAT GGA

TGC GGT T I s iemer .
TR TS LA, i

DNA anpl i f PE%HY %ﬁeﬂf%a%ﬁi thez guegtyon | Whibprathe ffé%e@‘h’s‘i’fdhe fii:lﬁtwndis d mﬂdter of
permt anpintkistgt dubmla@he sod-dxfoshitPeURGRIR! RAUGL SeciBl PO ngayO&!eey Maﬁna]s and

lificat h mal | ar 375 b oduct which represents 5
o et ed mt 1R RoBhdbe By o sesuh on 05 ahel Gae ien 26m wpplesgglen from

cycl es of @440y otcagfnally and Gzelly afiin-8%posSed Hodl sft&l’ w&oarﬁlyzai’ldfhérefdvﬁai si 1ﬁcant
t 4 Catl on uct s vi sual i.s

15 agar oizesbe  fhe Heicd e IR iRt Be B HEOTEr Bobcih pbrepp bl

sequence axal 1)B§l i Thears@V S X B RGRIpmApEL 000B SC=0868,240)i Fasreaishopsiin hireded

using @ A%Hqﬁéﬁcgﬁil o&:f&??ﬁeﬁ&%tf'th%@@@b dé]@oﬁ%% ‘y%nc&easmg \é’ %%gsuge %ngure 8aisa

into a pCR(r) vect or
(1 nvi t r ogepreseptytive cftdiem rprompide ﬁthleed dganest 9! hbwinpe BFEer GepqROH pﬁ-mdams bp

t he DNA
Eber shor g (g n oo e B0 BHUYTREC (hikr pREAURE Ll dhidBl gl Sden o
the del et ithe JaiskrEwepsioyalpra- e&pﬁ@drﬂwrvmselkﬁ)r A¢raip and tE, apidadwish r Theepgsitive
above 15 dabitol Wipkdien@diiatnbie 'Wlt@fthe?ﬂsg bPdeldtitr t%gt%lhs B Bort e %}@ CDCIIEF Lane 1
Bucki n hamsg é% The PCR products were then el ectropho

t hr oug /Sth SRR Er R By Aeieh ra%ewﬂgequaacim Nexaggsl§09 d 0@ bp, Bioline,

phosphori rmgﬁmam)e e Eie ARPRQL l’eﬂﬁta&:l INZ4ahQMEBI0 AP IrROEARBE FiMBe ?tq?the
rgecan e AP e AL B SR iyt o
Statisti califfemmaéw&msmoéyaesf or rred using StatCalc (Epi-info.

baired t tooraniyoBi Sy sERE AR T Fraa P t%fetﬁ%tla{ey i
3895 B dekmsgdoreniPhred frf BNA thiet lagt loomasieiy't exposed in NWBHEe alathis w*oemoﬁzegl'iz

Tt v OB E Rt e S e RS 17 ol LB R o Seon
kb in si2?s nEdrteded 1ﬂ§1eé?0§39~3ﬂe€ﬂilaf0’fef¢ hael}l sShoOvRs¢dNFigomedp). 208 nean ages, sex
dat abase, (ile aﬂﬁiuﬁlhﬁxot?pé"ﬁ&n'ﬁ%tthé é?ﬁiesfoﬁal 5189 v}al;' gaekgrg gt%tfb\%giggﬁalreoséw}epr? he

was reported in the ninor are sg |ng nucl eot | h
del eti on ME@bpiusvrenied sndimnseasionally saposedogows (sae Naterinls agh)ledody, iy Gmimgs are

and Chson hﬂlk@ff@@ﬁ&%ﬁfo\iﬁied B inedctatborOnh Bt Rh & kA r{ol\éﬁli@tﬁ:ﬁl cﬁltferé'lce in the mean

n he identity of the deletion del e
1995). To agceova ues o tll-xose samples that harbored (i.e., mean=66.95+2. 84) and d1d not harbor (mean=65.81+

3.47) the 3895 bp deletion (p= 0.80, t test (Welch correction)).

The 3895 bp mtDNA deletion in NMSCs

Investigation of the 3895 bp deletion in the same NMSC samples, which were used in a previous
30 study of the 4977 bp common deletion (Durham et a/, 2003), showed a comparatively greater

frequency of occurrence of the 3895 deletion (8/10 vs 4/10, respectively), although this difference was

not statistically significant. As these tumours were excised from body sites that are usually exposed

to the sun, it is interesting to speculate that the 3895 bp deletion may be a more sensitive marker of

cumulative sun exposure than the common deletion.

35  Historically, it has been assumed that the minor arc region of the mitochondrial genome that contains

the 3895 bp deletion does not harbour as many deletions as the major arc that contains the common
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30 specific PCR assay was designed as expl ained in the nethods
section. The 375 bp product fromthis PCR was sequenced to confirm
that it contained the deletion-junction sequence that is

char act erwetdgs/11@hot he 3895 bp del etion, nanely 5 CTAN% Se6/doMs430
bPccat accccgaa543 bow442 AATGIT 3' (SEQ ID NO 147).

Char act erdelstigncdVdi gt al,t1APG Mimgem28@4).c 45t aisvle theomf oritoofprofous hﬁdmsmvaendm
repeats thal Sf(!,natgg Dol i W L9 "
case | et tter su \% 2810%/&%%51%%5199%% S 6%} gﬂbgg%@gﬁ‘?%&g&p% SOn 6 vias
the freq J@ﬁév 3t§95 b delgipo gy loyeteparicd incidends gl he denasal ligaterh. aternativglyl thy

sun ex p%@ﬁbﬁ&[&bﬁmﬁﬁﬁﬁﬂal%&? atuRerAG GARORAL le¥e1§?ﬁ919§1$aq ti é?est DEBPR RN
bp del etion hed S Orsk%' nal |y observed in NVBC sanples taken from

sun- eXpo<BLF fougy eRogHe lent or s addr essed t he question of
whet her the frequency of the deletion is a marker of 5 increasing
curnul at i \Aebsamaeﬁhpwelbﬁmtﬂslicxruglehhe:ndmioeti on-speci fic PCR assay (see

age- mat oA St BRI tae Oy HeBRRETE el P PURPELabie (orses ex a1, 1992,
occasi onaiphy framdhy mmtyﬁtlslurm émp(&s:equmayofsictmnmm oﬁﬁalsylmed unbfeme The
uas 2 Si GRlbh 6ABlor: IELEASEyk AR AIBLEEL AL LEVBORIL LR IAGL SRR, RE

uwv ex]posure I'n both the~ epi erms ear
t est) Oand’CBe?ﬂrﬁﬁsbIqué@mpi@mkm)fmﬂQ@h@ss obaiiinilarFige; groep B tshbmwef ttarskin samples.

i ncr easeiond Or the BHAGREMesHer CGEWE {O%Qr%&r%e deREonBAPRR sfiGhpt 1 On obser ved
wi t h i ncreasing sun exposure. Figure 8a is a representative ethidium
brom de st ai ned, arose gel show ng reater frequency of the 3895
bp del etGeBerafign ?fd 837 b delgtipgiin a#@riﬁs‘%%ﬂwewdszvgltwyﬁemwaﬁ@ ) to
t he sun Wﬁaﬁbeﬁuhdjﬁ(ﬁalireﬁﬁor@ﬁlp(b&eﬂenttﬁe cuniRGiGe Muﬁfbﬁﬁ@e@%ﬁ@@é&ﬁﬁé frd4uency
sun- exposg égowerftgagﬁ gﬂﬁﬁ dert and E egeé erms ositive
control PepFELBrt & AP delgfiqny ! t“ﬁ%n§§s§§y Bomtrstisets tBﬁeflf‘i}‘fh?f %ﬁléghb@é’ﬁm
COlnf i lrslmachs bynltgﬁqmtﬂms Bgh Uvanend 1V ah ﬂielbmirrhlaﬂ@rﬂbifﬁ%émgenr\@%%@éd&o provide an
rmecuarvventrrarer - range 1 -

5 o1 1 ne. PR ot TR it SURREE R ot g RdrareRes Getenstiny 05 bo
each PCR dclatamtlm ® humdsj egulamaBﬂmvsd (Ha€aT)kk1 thoeg rmostinMUVIR ﬁctmnfzdf Qe aneyy
of the 3%/%? o&plnqﬂll&t i'gQ Iael!éti}n]\gag §1IPelr téd éxlﬁ'lont z? F\%Hh({%ﬁt é%lse% ot ce]P Hath, Using a

di fferent sun- exg
si gni fi ca%‘tqa‘gi“’gf Btbesed dsive i éﬁmfﬂﬁteeéﬂsiélmshe ifirst igd pf mdltcsgn @fhm 3885 p deletion

“usuabl y'in ﬁiﬂ&ént%@ll@%ﬂ%%gvegqm%dl 7ta(i)te1]hﬁ9§ﬁ1yt cﬁS@eﬁ P08 1 ]5%:9 gf'?ls %nqlé ) of

exposed in both the derms ,=9.72 s rati
and epi d&Mfs (p<0.0001, e= 17 53, odds ratio 40) (Fi gure 8b) . The

del eti onFigu@S shés tﬁt@ﬁﬁ%&l@ﬂnﬁ Rmb t('@\/m,de) %ldh&‘ﬁ tl-k hgds BpRERtiod 1@!@1@&%‘ ceIls after

sun- expoijaﬂ’ﬁ% 19(191%3 % @g t he mear} ag rati os and,t

type fro hé PRefT| B¥Ro AL E kil "WéFsmf“*%iRté‘hW\’ﬁEtoé Lt pmd |(1rﬁ I a?rED) of

Rgt wee nI mwtdms ld@drl;ﬂr ;duh&my exp ](?éiﬂ @f 2Ndoses CRsl wnal:aJ PNBXRQ %ﬂgmﬂﬂ %g&aﬁeg&lg
terla s _,an o e fi nl i t e confounde

by tHése ?1 or S. ?d R, ‘J&ghtggg’l’@é gsshg PREF §tﬂc{caﬁ‘ i rErecetin

t he nmean mdacglde mteasesvf dﬂe 3B%dsueiebamwg$bsehaﬁ fdilawin@rl @ eepeiitive .dpses of UVR. The

P o Bphfe Bkl S berldBr BRI LIRARTE e 38 s, MABH TR BRve

del etion = rrectio
del et | onC?IH*TO]I\me’tI%V@mD%t Fethenory, lse sddebal BV Ridbset wom U|ani thedevshofithe

NVBC sanmpdi@fn wii redit¥iddin UBE eelil rheafonmﬂ%%sub&fauéﬁ WA aQbs t h&o%ﬂhms
commuon del etion_ (Durhamet,al, 2003 owed a conparatively greater
30 Important if the 3895 bp can be used as a putanve cumulative biomarker of sun exposure in human

skin, This is of interest given the very recent findings of Bemeberg et o/ (2004) (published during

manuscript revision), who have demonstrated in vivo that the UVA-induced common deletion may be

present 16 months following cessation of irradiation.

The observations described above are important for several reasons. Firstly, the study has used a
35 UVR source emitting both UVA and UVB thereby representing more closely a solar-simulated UVR

source than those previous studies which generated the common deletion using UVA alone
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frequency of occurrence of the 3895 deletion (8/ 10 vs 4/10,
respectively), although this difference was not statistically
significant. As these tunours were excised frombody sites that are
usual | y exp¥@eas/11102¢ he sun, it is interesting to speculptracA2b@ioodske
3895 bp deletion my be a nore sensitive marker of cunulative sun

exposur e t(hanebuipest 61D NIPONK 6idl cChll 2001). S&okd; BisAE iHe Fkd: ¥ime b ldelB@R JRERan the 4977
assuned that t he or .ar.e region f t he m tochond rial] genone t ﬂ

contains °F ﬁ(emlﬁ%%elegﬁn &1 ST BRCRSS 8y mBttiRafgsEA (AR ikpermere i CGWEaStéS the
t he maj or Bameburf studycthartuiised fibfoblaste nieniesent 2xpén2ORiva $dd3Rrformed on a cell line
PCT/ CA200 et .a t , 2004). As a
resul t, tﬁé@&ﬁgﬁgﬁmﬂﬁt ? h%)s?%\c}lt\éﬁéms?“ tﬁ?dtgajfﬁg?feus%@gga to focus on the
spectrum of deletions in the major are region. It could be due to

this "Pesddpreienpisighificandgat the 3895 bp deletion has a | ow reported

i nci dence ThorehidRs MANRS Rletddiih BF abg4T deﬂx(fny %'nétnglt Qﬁ?%mi% BQ PD-loop to

del etion may naturally occur at current undet ecta
normal ti gnethjgninen " Redetqdngepes includer j2e HRINA | 165 tRREAsNDA apfhplow e promoters for

exposur e trﬁhshﬂénorﬁbﬁlﬁm‘; ﬂle of arldesndBRO AbRrih BNALSE 'oﬂvll&’ Rrpb: Eelgk@ﬂg)l\w }?mit be

3895 bp delhetl has .on eV| ousl been reported in diseased nusc
(Mor aes ef“"H1" 623“ ‘mpﬁtﬁa ofrpifprhoni I prrisiont fuagtignis obrerei(Spiaceqms al, 1994).

freq uemcyFm‘fpr@mﬁ:—Udidiﬁlﬁ@)NMgeﬁéi'lﬁfch bd tBéi;H ﬁaﬁ‘nob&i Uymlfemsw bp a'mmn Rﬁeetﬁl%mold value
er orm I’l

i nvent or sfalrr}][\]/lmhongr ed ta I etdi%fn o %u i n bl ood %
the del etion-specril ¢ toBer URRGR & WaHd) 9 ek ahove (Bwep et élntI%
of a si m Chmage algrlﬁﬁlm For dxepie ;méwdubteroﬂckﬂaﬂ st&:@ﬂﬁha@%umad\&ﬁtﬁsa lek A/bouring

bl ood sa har bo th | on dat a

Gener at i gﬁi 53/8"”%@‘?9%38@”@%&‘&?’“‘? i o&réf{elh?tn g?ﬂ“? %&"?"Cé’ é’ %‘3‘7“ o fuction
repetitives dggrmninedibli dedl drstotlerass esising loé cﬁéﬂhﬁm‘ne ax@lagd arﬂrmlsumt%hymenasc
the c | &t t e S d.the fre quenc

occur mcglw‘%t E iy et%!)pﬁga e%(lg%ntﬂgr?tl 1f‘)\?aglncrr.theo%a'elshéar Eer?%al s%{f‘e@f h@&fg%s bp
the ef f ecfeledipn, §1Eﬁﬂﬂie@m whsughtified in the Betist sempibs whig S@@htralaméysboﬂﬂnthhhﬂksence
and UVB, @niph@hmiid bbb MRis (aglﬁéseﬁélledztg%pect%gﬁgg (;tothéj 5@5'1)%6@%9011 thereby

ext ensive series of repetitive sub-
attenpt tUBgES Bt dhelpwels o841 dslstionas balgveAreisfp @eShTLﬁrmﬁ ShOWH) *Therefore based on

epi der mal thelgrevime dvoriirdahy céifthdn delelbn, thEN&e9 BE th'Bdos U%(BelEt‘?cB% thte‘tpé(ti%nﬂ%ﬁﬁes

stratggy "E ne in whi hthe del etion was genera

si gni f1 caft“ 15@;; &ueayte g *fmtf@at f’rff“t@%‘ioﬁdh%e““?caﬁﬁﬂ’éi&ét ¢pidsrmerhpyghesanall focal
assay, wefflasonsdtbahtd duhat the first signs of induction of the 3895
bp deletion 20 in adherent cells was observed following 17 alternate
daily do er en2 (i.e., | SED) of UVR Figure 9 shows

t hat theslﬁl’i?tglrefnlf%éﬁnfsnp (UVA/ UVB) induces the 3895 bp deletion in
HaCaT cellt baSaﬁrc\ewuslyleeldmsstqdfthﬂ the dheghetiss i@ thd/IRenetdaitia of @Rl dofmoR ld€letion
i rradi at eghoWel RirQreRomic P& ) UVB .ever oth r
day for a tot a{a ot méw oérelgﬂg ae?lt ot flfpﬁgsmﬁ\wsﬁéénge%ifrﬁtg 3 bp
adher®@nt romatddi4 geqamcsnf@wn@thmmb}ebnmacm ciRCR98%D Shofbler éryl, um Q895

by del et Iaort99oTb@gofu1 &3, 1@01 g @l 35 %dslétﬁqlrkcﬁam(e% b'yg g?e%@z}té)&/%ﬁgt%ﬁo% IRy

bp deletio ¥)va hserved | ow n etitive
positive OE%‘F] 6F‘r"i‘]§r Wa‘t‘%nﬁ‘r’ I’f“t&‘ &ﬁg@eﬁa@b@ﬁ}ht srgminedeBEGEprigpses

del et i on thanien BSrchinss dreGadehiitde toTNK secahmglﬂle@bmtow%mtsﬁt il r%\&% or ‘bubb]e” of

Furthermre, andectjg Let hal R doses Wﬁre used, the |evel

del eti on WaS “FRCHt BVAed PH ﬁ@“f&?r 959 h e ThearpegRtiTry i %g§h@§b%%r’ﬁay br/a

doses¥ acgraipéng factohatthd generation of the 3895 bp deletion. The mechanism for this may oceur by
directly or indirectly affecting the structurally labile sites in the 12 bp repeats through opening a

“bubble” of single-stranded DNA that would enhance the recombination event,

Conclusions
In summary, the present example has shown that the frequency of a rarely reported 3895 bp-mtDNA

35  is significantly different between body sites which-are "usually” versus "occasionally" exposed to the
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30 inportant if the 3895 bp can be used as a putative cunulative

-bi omar ker of sun exposure in human skin. This is of interest given
the very recent findings of Berneberg et al (2004) (published during
Manuscri pivor@gies) , who have denonstrated in vivo thabrdd¥osn006s2
UVA- i nduced common del etion may be present 16 nonths foll ow ng
cessation of irradiation. The observations descri bed above are

i nportant for several reasons. Firstly, the study has used a 35 UVR

sour ce enduhtinlg oR@édis. UResBRio VB R85 LRY d41&Rh & 8RthAg Ni@s"ce sa%p‘l%% &5l i@ a
solar-simul ated UVR_  source than those previgus studies which
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present e nts have be n
kerat i noc@if% gléing%g pr?vu%s PR F%a]c]g Tar]?er g"% CWHH ?twﬁi‘s) ?p?siu’éeén P‘é}nﬂ\%@ may n
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nmet hi oni ne I'ncl ude S rRNA, NDI and al so
the pronoters for transcrlptlon of both the H and L strands. A-
certain threshold of wild-type:deleted mt DNA nust be achi eved before

an i nphai remelord: nReakEme B a}a'}is'wbrheémwtmﬁeﬂm%mﬁsd@ﬁ@en VelMSC and

(Sci acco igtusdhs a quidfdtativeiarkeF foP SidfiBhtixsRfve i@ nihiNdiPenes, such as
t hose renpved by the 3895 bp deletion, the threshold value for

mi t ochondYpigrials gudymethods v chain dysfunctl on is around 65% and above
(Hayashi EzimawSkm:E'QfQﬂJes Chonmyn et al, 1992). For exanple, previ ous

wor k has hown t man. skin sa I es har ur| n <259% of hg

Bp. 1t DA SO AL G R eTSrn S0 R 51 Yor, GREh Gl dfogegcamsen fort paents
m t oc ondmdedzoifigiexcisionnf a AdISdehaeuels Beaal (ayl Gdtedlomh |(B¢:©)cdne5’nag<a}angd 551391 yags,
?&?K;&Ce é%m%s 96&558%%3 Sqa g‘xdlous arcmgm:fl:i FS%YZ‘? 2 eng‘ rsa%%ﬁ];qq@c ears, mean %%jrrears) at

I'nce"there 1s"no unc I on ¢hem ¢
stain forthe @et B@@rﬂs Bpnic,ddyek V@twrla thifemaig] BewestlendK. qEarthd ﬁuneadposuretshdies

pati ent Sﬁqﬂéi t r O ggnléﬁqqgﬂﬁirn a@%’ery rEltEJ\ﬁm&r & %ﬁa"ﬁy &gosed to the ?un

appr Opl‘l ate c anal ysiI s etect t senc
t he 3895 Wisndeibenrs @Whtah@ﬂ’@bf?“ gqqlggélﬁﬁsh@plﬂﬁms =P dtmseﬂ@%ﬁeanh@eiSEM—

del et yon ‘B8 ibzell6@%éna%@%té§ B s OEUQ&orﬁhpWosed-Eb @fe%ﬁﬁ(sﬁouﬂ@ﬁ*%c?%d 05&8

previ ous work wi th the conmon del eti on, | evel s of
del et i on EHIFHE N5A%idewis SZAPpimean azg a1 crrﬁ3 7|2é1 3541y dhuseany significant age

functi Onadlfftﬁf:rfc@cﬁehﬁ&ﬂ msbzh@ aﬁﬂltowagorﬁﬂi MinSexPdse® PloB (61 Bl RQMENed ¢ test
smal | (@%@ef ect ~cann be rul ed out. Putative nechanismlt has

pr evi ousl SRy e 0B ! tPFfa%Sanﬁleﬂ%%walﬁ% SHdFTBYS g elegin aferst ﬁewtﬁir using
t he comrmnsehahle;ﬁas@at 4°cnminvgﬂs (DudkahR BN QN003) ek DM Rad baRcey afhg ¥iBagen,

rand ms occur at.the 13 b repeat DNA
sequefemes I?I?a%?’ntfff'ﬁge éo‘@gh'}g’ﬁe {STIBHYG PEE 'J(s‘%(:fﬂro’c s é?gyﬁa,gaféé§f‘ d%%ﬁtf f ner
et al, 1989; Mta et al, 1990; Degoul et al, 1001). As the 3895 bp
del eti on li’CsRMaéJﬁked by 12 bp repeats, its generation may occur by a

simlar nBehaR 948 calit cmaﬁ)héi@i ﬁmcfic%'bn tc&ﬁanﬂﬁ@?(ﬁoaﬁé Qé?loﬂ]cc ]ft)lbﬁ W 3 each

del etion proposes that the 13 bp repeats are suscepti

bendi ng tH8rERA? #M SRITRY &6 afreetion, dgplien Gpld: EN&&O@W&S@ (Apphed Blosystems),
GeneAmp buffer (containing, 100 mM Trs-HCI, pH 8.3, 500 mM KCI, 15mM MgCl and 0.01%

30 (w/v) gelatin). The PCR primers 1404 and H4676 (Table 9 and Figure 10} were designed to anneal
outside the 3895 bp deletion. During DNA amplification the short (30s) polymerase extension time
did not permit amplification of wild-type PCR products, allowing only amplification of the shorter
and deleted mtDNA fragments. The PCR conditions were 94°C for 10 minutes, 35 cycles of 94°C for
30s, 56°C for 30s, 72°C for 30s and a final extension of 7 minutes at 72°C. Amplification products

35 were visualised in a 1% agarose gel stained with ethidium bromide (0.25 pug/ml).
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containing all the components including template} and R, (R, of a no template control). The cycle at
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30 Fluorescence signals are regarded as significant if the fluorescent intensity exceeds 10-fold the

standard deviation of the background R, value to define a threshold.

The realtime PCR method is new and has not been published before. The method has an increased
sensitivity and allows quantification, as compared to, the semi quantitative standard PCR. This type of

breakpoint specific detection is the the same technique used for the prostate detection and is novel.,
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curves to accurately predict the ratio of deleted: wild type mtDNA was confirmed by using a range of

the cloned deleted:wild type template mixtures (results not shown).

Figure 11 shows the sensitivity of Realtime PCR to template copy number. Threshold cycle (i.e. CT,

35 vertical axis) at decreasing concentrations of template DNA (dilution range from 1/10-1/10000 of
30
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7.14% versus 0.02%) which may reflect variation in the degree of cumulative sun-exposure. It was
30  decided to investigate this aspect further by determining the level, as opposed to the pattern of
occurrence, of the deletion in a relatively large subset of histologically normal perilesional samples

taken from different sun-exposed body sites.

Quantification of the 3895bp deletion in a larger subset of histologically normal perilesional skin

35  samples taken from different sun-exposed body sites
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gquantify the relative anount of 3895bp deletion to wild type nt DNA
The ability of these standard curves to accurately predict the ratio
of deleted: wild type ntDNA was confirned by using a range of the
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Fi gure 14Pr?’%maét°§’€é‘f‘?”ér Inﬁﬂ%teonsnwaﬁﬂ@lefs H@ererwaw bt fistlte E‘B?\WB‘Pf (GRS this
del eti on 1baanoma"uabﬂostat&wmygm&sm inddled) CTRSIuR GBS Wvis BMNn@MPOTRck Bkl

The | eve'gpsox(?r}; Q} I?a %n%%vzﬁed Q%Piarig eof tﬁg( E) 41%5:1%%90 a%onasls I%r % nr}efag' %ri!lgn
usually sun e pose occasl ose

epi defiri gmaligepgl fé@{eeﬁlqwcn%cﬁlw bengg| I’G‘ialﬁtd ltSévmrﬂgP@Re (Fmvee lrﬁéaﬂ‘hlls testatill bef
del elt ion alIin th Bﬂiﬁﬁﬁhﬁﬁi@b&y BahPbi a&nslaissutk 'o?ﬁneda%nf proE,ﬁla& Hesé@Rttun%f.lr and is
sanpl es. n.,s erns, ant atjve Real - ne anal ysi s
showed a %ig A RE ééltheishwasﬁaé?h T dgeleen oy et magspl oosieed mﬂ‘fﬁ%@ﬁ*gﬂé

sun- expodid tlsajﬁlpdlm oagtrennd proerpd dattitablo mbipiolepirtacdingexih he tswa- Expos edue

sanpl es réé?on %Qgﬁ {hgrt?]ag%fé%?rﬁﬂa F&Tgr IQP gn Io%r aﬁ@lb &/, H&e? ws&a %1 1L§ga);

test). Inter est i sanp our ed
f r equhcy@Br stgkd taeanélmutan PRt fe tiesppade nghswﬁo oTilzﬁsca@M “bh&FqﬂS/
sun exposedplemgarC € CXistitgUdinicy! ;sunceeafp;o&&d:) bmp@ﬁ aﬁchﬁlslﬂlbglﬂal akiHgtosis S)@Xa

rati os a;}gtggl'ﬂg ; ,_ngf t]tler t%{o%pren#r}gr prclgig{e can%é‘lre%gla in % i%.r 1 e téH (1}})7

were ver e ween e us sun- ex ccasl O
exposed graseAyss (dban pREMREH gt)% fogling tof ‘i’xh’éﬂf mg%gnarrt €ellin [Tih%e Pippgics apgediagnosed
conf oundaghiftyadiheseefd@cde®@hific wdZcategories: true benigns, that is, no tumour is present in the
25  prostate; and false benigns, where tumour is present in the prostate but the needle biopsy procedure
failed to sample the malignancy. Through molecular testing of the benign tissue , one can either
reassure those individuals in the true benign category that they are indeed benign such that they may
be fotlowed less closely with fewer or no follow-up biopsy procedures, or provide an eartier detection
of a malignancy that is causing symptoms but is not yet detectable with the biopsy procedure,
30 negating the need for an additional biopsy for diagnosis and providing an opportunity for the clinician

to begin earlier and likely more effective treatment of the patient. This test will provide both
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WO 2006/ 111029 PCT/ CA2006/ 000652 Table 9 Nane Dye Position Sequence

| SF 16042- 16066 5' - GAT TTG GGI ACC ACC CAA GIA TTG 3" SEQ I D NO 148

| SR 16125- 16102 5' - AAT ATT CAT GGI GEC TGG CAG TA=3' SEQ I D NO 149

| S- Probe Wicc200@306@516101 5' - CAC CCA TCA ACA ACC GCT ATe&TIé20T6Ii00dET A
CA-3' Tanra SEQ I D NO 150 3895F 491-508 5' - CAA CCC TCG CCC ATC

CTA-3' SEQ I D NO. 151 3895R 4516-4489 5' - CCT GCA AAG ATG GTA GAG TAG
ATG AC-3' SEQ ID NO 152 3895-probe Fam 527//4450 5' - TGC TAA CCC CAT
ACC CCG Abfsbdiice IiGokFirdaticann® the Sirfdnt HidPsNdalydib @hik 3412408 b3 2Fh RumEEFslof TS
GCG GTA TGC ACI TT 3') SEQ ID NO 145 HA676 4676-4657 5 GAT TAT GGA
TGC GGT TEEWTIUSENS'EEQ | D NO 146 Exanple 15; Confirmation of biopsy
test 5 Previously unused needl e cor.e bi opsy sanples were recovered
from t he PraompledtePyatapd Buague Mappiig 62  beni gn, 49 mal i gnant, 30

bi opsi es Rb Qaﬁ'itgﬁh pBl@ntliaPmonﬁé SF %éa?éh rﬁhMa]&Q 1R tgrﬁaﬂﬁjelﬁeiol' §1arkcr dlscovery
Overal |, 141 tot anpl e as wel 7 addi tional npl e 6 fo

st andaf d @Mﬂ@emr‘a@qe@rfhreaﬁwe&sm@b@ﬂeb@f t%wwlaql of the %@éﬁfﬁﬂl@éﬁ&ﬂrﬁﬁm

cont am NagsQNMoNVBE SextRtleYdESlopsy R cinRRD ITat @4@&&&3&&1 Yehity apﬂeﬂ@amegresence
t hr ee tlnes 10 once each by three |nﬁﬁ E Lnd|V|duaIs
a|°9tl°q Brt

AFLITT Ci aft TUbEREREY ReReBPT PRI E e BePaRP e Pscign This map
sanpl es aghag pRvidé the ubdlogispErdXdnbElbgist @ vabiUmmIdY of thepradtaé tunr anaom assist in
sanpl es, determned to be distal to the tunor (rmapped to this

| ocat i on BRI fF6SPat ectony), were al so included. The outcome was
that "normal' tissue in close proximty to tunor, had an el evated
frequemcy of the 3.4kb deletion, consistent with neighboring 15
mal i gnant tissue. However, distal benign, retained its benign
signature (Figure 15). This test will be able to confirm malignancy
based on normal tissue obtained froma |ocation near a tunmour and is
based on the 3.4kb deletion research. It has been shown that noecul ar
changes in mtochondrial DNA (i.e. the deletion) occur and preceed
det ect abl e nor phol ogi cl a changes in the tissue. Hence a tissue
region of a sanple that may appear normal or benign to a pathol ogi st
under visual observation nmay 20 have started to accunul ate nutations
on the path to malignancy. This capability is a great conplenent to
the existing clinical practice of prostate biopsy and histol ogical

di agnosis by a pathologist. The use of the PSA test to screen for
prostate cancer results in a |large nunber of biopsy procedures with
an estimated 70%failing to exhibit malignant cells. These biopsies
are di agnosed benign and may be divided into two categories: true
benigns, that is, no tunour is present in the 25 prostate; and fal se
beni gns, where tunour is present in the prostate but the needle

bi opsy procedure failed to sanple the malignancy. Through nol ecul ar
testing of the benign tissue , one can either reassure those
individuals in the true benign category that they are indeed benign
such that they may
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be followed |l ess closely with fewer or no foll ow up biopsy
procedures, or provide an earlier detection of a nmalignancy that is
causi ng synptons but is not yet detectable with the bi opsy procedure,
30 negati ngvORWoAEWE f or an additional biopsy for di agneTscAszne/000652
provi ding an opportunity for the clinician to begin earlier and
likely nore effective treatnent of the patient. This test wll

provi de both 83 WD 2006/111029 PCT/ CA2006/ 000652 reassurance and
confirmation to the current biopsy anakef@emesshi ch is plagued by high

nunbers of Al@llls%eA (3 WE SQ5 Wé'éAleﬂ%@ en]aGL Femg %ﬁ?&eesdn-ggr%m%amn 0

Mappi ng An tri ‘ake
for the tun(?%ﬂ% Lb%%av?’g?kﬁﬁﬁ Aﬁ#&%‘g@grgéh ?ﬁe asg I6| ty t

provi de a tiWdeRodfls, @Qsm@@lggwﬁmmo@g; he Iocatl on of the tum)ur
within the pr ostate based upon the sextant needl e biopsy speci nens.
The 3. 4kb deldedws®M, %t 4 pagidGentis LRE):. @2f190he presence of malignancy

i n nei ghbouring benign tissue will be critical to this mapping
procedure. AthissomgpR K. &{riclerph q200de Théepideminllapg loSUVantlcalnkialcagbiSy PRotochem
vi rtual nod@bioblb! 8168, pitHst ate tunmour and nmay assist in treatnent
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nucl eoti des 10744 to 14124 of the human nt DNA genone, wherein said
del etion,i.s associated with prostate cancer, in a subject having

nt DNA, sing: (a) providing a biological sanple fromthe
subject; (b) extracting ntDNA fromthe biol ogical sanple; and (c)

det ect th t h Th f
cl ai m 1 aher STEEREOdE b A T e lrvaebit R Aons s TR A o
of cl ai thelhumasrmeiDiNA henode, @fhel@m saochpeletinmgs ssHosiatedtwitll drystgiervascer, in a

di bunit 4L, NADH dehyd buni t
encodi ng%%%lff\?g%ggwgﬂggg&%ﬁﬁln?u uni ehydr ogenase subuni

4, NADH nai e , TRNA hlstldlne t RNAseri ne2, and
t RNA | euci ne@) pepvidingsa hielogisal samRle Bemthe sulEcki n t he step of detecting

the presencebxidi@ng&ltohihddn tﬂefbfb‘?ogléﬁ% gojfari ses PCR anal ysi s
sel ected from t he group consisting of deletion specific PCR

anal ysi s, raf® S%t@P‘i"\Qeth?’eF?SSW%ﬂ §f hesdelefipnrn thedptON&. PCR and real -ti me
PCR (RT-PCR) analysis. 5. The nethod of claim4 wherein the PCR

anal ysi g i s guant tive or RT-P nprisjng use of a

r econbi fant , ﬂ?%@?h‘ﬁg of BRiL %Qarqﬁeﬁg%}%‘tsﬁ@mx@ ARSI for use in
detecting prostate cancer, a predisposition to prostate cancer, or
the progression of stat e canc ality of .
nucl ei cgam d-Fhe it @uog °¥0| i‘wggqeilrh%egg%gﬁ%qnépnsgﬁgy%tqph%ﬁyeg%ps ERgpding
nucl ei cNaDHcHeimdrbgermsesuambﬁJ SRS dehytirogeimsesoburiiDNNADH esliydrogeadse

appr oxi g[ﬁ%lﬁhg ﬁ%dlr%eﬁ?r%&g@gﬁeé Oan%lﬁ’l%ﬂ IQleidc8e human nt DNA genone,

wher ei n c elc uni que-position on said array
and is stably associated with the SO|Id substrate. 7. Use of a ntDNA

del etiop spapp rﬂgthaﬂgf aéuw&ﬁéaéumé Efae Lo g&écﬂh@%ﬁe gltege'ﬂn%]o%ﬁ“ue %létfaﬁ in the

nt DNA genone as a bi onar prost te canc use
7, wher @iRNA pemprigesRCihanalysifisteskachiane the gemocansistingaf deletiph epecifis RﬁR

clai m TanaWRR! Ridibachir: BERehhgEs, ncfjaqﬁﬁﬁfét@h bAd FBN-HEBRR Tsﬁé'ﬁ} analysis.

adj acent benign tissue, distant benign tissue, precursor ons,
prostate massage fluid, urine, post-DRE urine, or blood, in a

subj ects, haVI Tr@a RERSE at @alﬁrﬁﬂﬁﬁéremrth@ PQRraﬁﬁé%BGs &%faﬂvé)P@Rtoﬁth BERCer
or a sub Wi t hg St a ancel{Jjﬁ A net hod for
i

t hr ee- d‘f '§’i”8r‘t‘§? © Vi F@ DBREVIEIa%E: (@) obtaining
sext ant needl| e bi opsy sarrpl es; (b) extracting ntDNA fromthe sanple;
and 6. An array for use in detecting prostate cancer, a predisposition to prostate cancer, or the
progression of prostate cancer, comprising a plurality of nucleic acid members, and a solid
substrate, wherein one of the nucleic acid members is associated with a human mtDNA deletion
at approximately nucleotides 10744 to 14124 of the human mtDNA genome, wherein the nucleic
acid member has a unique position on said array and is stably associated with the solid

substrate.

7. Use of a mtDNA deletion spanning approximately nucleotides 10744 to 14124 of the
mtDNA genome as a biomarker for prostate cancer.

8. The use of claim 7, wherein the deletion is approximately 3379 bp.
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(c) detecting the presence of a deletion spanning approxinmtely

nucl eoti des 10744 to 14124 of the human nt DNA genone in each of the

sextant sanples. 11. A kit for diagnosing prostate cancer conprising

the array of claim6 and at | east one nenber selected fromthe group
consisting of: a solid support, neans for holding the solid support,
means for extraction of mtochondrial DNA, priners, reagents and

eouenc 2or ok Ren T 1R Rl R bR B

pri mer . tis§fue, Tu@nhetriigdisaoe qredunspriasicanyprosteteohasshge MEd, Lrine, fmswbRERIrRe,

the net %Pglobé |H§§gbﬂe h%%n Fostﬁégﬁc@‘ gr f% oe drI gt% Iatnlcgrnorta subject
he gression o ?% ShCRP:

prostate cancer
without prostate cancer

10. A method for three-dimensional prostate tumour mapping, comprising:

(a) obtaining sextant needle biopsy samples;

(b) extracting mtDNA from the sample; and

(c) detecting the presence of a deletion spanning approximately nucleotides 10744 to
14124 of the human mtDNA genome in each of the sextant samples.

11, A kit for diagnosing prostate cancer comprising the array of ¢claim 6 and at least one
member selected from the group consisting of: a solid support, means for holding the solid

support, means for extraction of mitochondrial DNA, primers, reagents and instructions.

12. The method of claim 4 wherein a PCR primer having a sequence corresponding to SEQ
ID NO: 139 is used as a forward primer.

13. The method according to any one of claims 1 to 5 wherein the method is used to detect
prostate cancer, a predisposition to prostate cancer, or the progression of prostate cancer.
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