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Agent Ref 102222/ 00050 Doc #: 2 1826037.1
M t ochondri al DNA del eti on bet ween about residues

wa 280546254 for use in the detection of cancePCT/CA2008/001956
CRCSS- REFERENCE TO RELATED APPLI CATI ONS [0001] TppntRef: 102222/00050
application claims priority fromUS Application No.Pe¢# 218260371

GIJI{tOQh gdrlg% d\%\il 01? tv&l\g\é%uagfdueg 123 27OIQZS4 foI' &gm%ﬁéterct%n of cancer

contents o are 1 ncorporated herein
reference. FI ELD OF THE | NVENTI ON [ 0002] The present

i nventi on gRO$8IREFERENGE TO REDADEDARRIIOATION S|
genomcs. In particular it is related to the detection

[ooof}f hurRRmMmpplidviehenins pliorde froMeU SRbalidations Nan6i/00&687, f||ed

utilit sanlndlctors

NoverMAFERTFOR. W8 SLhf TP P ORISR TS PR ASeq N Coray| erere.
[ 0003] Mtochondrial DNA (nt DNA) sequence dynam cs are
i nportant di agnost iIRIELD@BTHEUNYENTIGNI n nt DNA are
often prelimnary indicators of devel opi ng di sease,

of ten associ ated W th nucl ear ' . t
10008} ordhe ereseapbueTien e o ss BediPd 8t ifdend oBfimeE
partlctul’ér ltﬁ§freliatleﬂ1td§ g dedectioh 9% Hemdamagehanitiabgenoate ho@tions and their

il 8 @d e])(%é]sure to second hand tobacco snoke (Lee
u"yeqs%ﬂ'” IC395BOT GREFST- 1998) ; | ongevity, based on

e o v o oun B EORNNE Ok AR HRLET
fod g’o 998) ; ic di
M”"Q:“é’??%‘% LH\% ﬁé?%"f’%ﬁ’s T‘é‘i]poshr enff)aifa?f:: (r:logleflgase

nut a 0 di ation (Bir.ch- l\/ach|n :
000§, E3ERe el BN dripubEeeienre A en opde RSt toos
MutaflbseasatDNBh el gfeh rﬂélmﬁhary |rt9éb3¢r58|ﬂdeve3tt|d|ngemseése, oft&9Fssociated
soci at

i 308 5o 50 s S SRR PSRl B g a
not Ilﬁﬁtbdlt@(tlsdly&diimédjﬁmm ¢drcenfrotsnadking atﬁ!%kpo%blt@secwd hand
toba%ggo%cg]ﬁ ?_%% 5F g 1§bg -Ilglrﬁ Eg&s onngﬁ(/ t%ﬁj%on accumulation of
mlto&td?ndl‘lﬂsgéhemGShLﬁiaiﬁtﬁsgidgMnmﬁround 20 years of age and increasing
thereafter (von Wurmb, 1998); metastatic disease caused by mutation or exposure to
carcinogens, mutagens, ultraviolet radiation (Birch-Machin, 2000); osteoarthritis;
cardiovascular, Alzheimer, Parkinson disease (Shoffner et al., 1993; Sherratt et al.,
1997:Zhang et al, 1998); age associated hearing loss (Seidman et al., 1997); optic nerve
degeneration and cardiac dysrhythmia (Brown et al., 1997; Wallace et al., 1988); chronic
progressive external exophthalmoplegia (Taniike et al., 1992); atherosclerosis (Bogliolo et
al., 1999): papillary thyroid carcinomas and thyroid tumours (Yeh et al., 2000); as well as
others (e.g. Naviaux, 1997; Chinnery and Turnbull, 1999).

[0004] Mutations at specific sites of the mitochondrial genome can be associated with
certain diseases. For example, mutations at positions 4216, 4217 and 4917 are associated
with Leber's Hereditary Optic Neuropathy (LHON) (Mitochondrial Research Society;
Huoponen (2001); MitoMap). A mutation at 15452 was found in 5/5 patients to be
associated with ubiquinol cytochrome c reductase (complex Ill) deficiency (Valnot et
al.1999).
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al ., 1999); papillary thyroid carcinomas and thyroid
tunmours (Yeh et al., 2000); as well as others (e.g.
wolawbasedi4 1997; Chinnery and Turnbul |, 1999). POD0OA}R008/001956
Mut ations at specific sites of the m tochondri alAgentRef 102222/00050
genonme can be associated with certain di seases. ForPoc# 218260371
[0008] anmpeplfmjlyamiewmlmnop@s'r titeratord 2dduded@dint ramdtick®l(fransitions,
are. as ted with L r's reditary. Optic o
ranUE i g hRIb R 400 e F s of Bl piftbief. ipyeations, one
basel-ﬂucblmtsends( QfOﬁals)es) Mcboﬂﬁm)ions&a@haeritioms ane 1546 B thassands of
basef(s:& dar?dl?logl g)eef'ﬁ aJ‘ |t&‘gtl ggFﬁn%do% rprﬂoﬂg't%%of have

r omne’ deficiency
been(foahdhtat beeassablaw%)h e&gkynms%ﬁf pl@ﬁité%l(ﬁ@%ﬂ Illlug:cdncer as well as

aging (8 Y akret o Ry RTS8 PR eBRRe oo ot

1998) redasver si ons), del eti ons (one base to thousands of
bases), inversions, duplications, (one base to
Proséa’i‘é’@%@&@s of bases), recombinations and insertions
one base to thousands of bases). In addition,

speci fic base pair alterations, deletions, or _ o
[0006) hiRnestatereane¢rds adfeqkentty dirgnesed el tumobethatBiost lkelydriginates

in th%io@ta?f‘éb%eﬁ@rﬁ?ﬁu%ﬁg & QS‘FQF)@Z In%QF}’ né’rﬂ% ﬂmﬁ%ﬁ&fcan men

as agdl ng , premature

wereggregged éxpoesiate apgcnégaeﬁlgﬁsdé’ﬁé) (th@ére@ten@s ,whiggg)ggests prostate
canc@F G/Vogcfv%lt %@)C‘?ﬁb“e@ﬂ thgq (ﬁ&atgé Qﬂe@érﬁhl? i t? oﬁpen screened

frequently di agnosed sol i tunour t

by arbwt@i diatta seqtpl qxn@ (BRIt 4t theggimenyaar.uih rpmwangerehadaa DRE
(Woddi) 19d§)‘ oPdoven GRE EHmﬂa@ nUrhbJer‘ &meﬁﬁﬁlé@eﬁgiéﬁé&f%rostate

screened for rosta specific anti

cancey bdmUitest SRR colimged et 1 (%.60¢ Rasdtmhobr 1 9%bodks! fhe second
mostldd#hhonly Hﬁﬁﬁ&sedtd&héer‘ A éé%&ﬁ(?le@ﬁmﬁ\égﬁsé‘b%ﬁfzem DRES iAf

men screened by an initial ital rectal exam
Canadipn Ren <8897 pEastaty cangar @ceaym E??bfﬁr 2808 obrewly vigerasad cancers
in Calﬁa%}l mé\@(@%%ﬁQNatldﬁéﬁCﬁﬁ‘M%stlﬂH@J@?Caﬁgda‘?eYMlsy eﬁin@&é@ﬁﬁ%o% to

ses of prostate cancer the United States is
40% é%@'i' m&n@dera&hefgg o batyening fﬁgé heve seme carppeyus restpie gefly yet only

20% $6 299 bf these men have a clinically significant form of prostate cancer (SpringNet —
CE Connection, internet, www.springnet.com/ce/j803a.htm). Prostate cancer exhibits a
wide variety of histological behaviour involving both endogenous and exogenous factors, i.e.
socio-economic situations, diet, geography, hormonal imbalance, family history and genetic
constitution (Konishi et al. 1997; Hayward et al. 1998). Although certain mtDNA alterations
have been previously associated with prostate cancer, the need exists for further markers

for the detection of prostate cancer.
Breast Cancer

[0007] Breast cancer is a cancer of the glandular breast tissue and is the fifth most
common cause of cancer death. In 2005, breast cancer caused 502,000 deaths (7% of
cancer deaths; almost 1% of all deaths) worldwide (World Health Organization Cancer Fact
Sheet No. 297). Among women worldwide, breast cancer is the most common cancer and
the most common cause of cancer death (World Health Organization Cancer Fact Sheet
No. 297). Although certain mtDNA alterations have been previously associated with breast
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nost commonly di agnosed cancer and second | eadi ng
cause of cancer nortality in Canadian nen. In 1997
w@e@ssdes cancer accounted for 19,800 of new yPCT/CA2008/001956

di agnosed cancers in Canadi an nen (28% ( Nati onabentRef: 102222/00050

Cancer Institute of Canada). It is estimated that 309 218260371
cancé fot@¥Xambledah Pareima ewaer(dahe?rag@e@fchf en,ltzoon'p,nlee (5% em? €or

sone, cancer ou .ostate ce et on 20%to 25% 0
forn G BE KRR hE R e PR EafirSrgh 11 cant for m of

prostate cancer (SpringNet - CE Connection, internet,
[000&}wv. § pisihaghgrbundninﬁarsfaﬁi&ﬁ)&mrh‘tide)d foPthespuapesecafmeaking known
mforrﬁ%tf/gonlbﬁeﬁ%geado%qqﬂgekg”a%y o 1 alﬂ!d)%glgl rglr?g%rgc qggﬁ%k%}éé?t.lre\\{entlon.
No admssmne&mmanl;smtmedomw shdildtbe ogestgmbma,t ahypphtbagreceding

nfori R A fyies ol 4 ghBhE e ARG BRCCE ' A hougn
certain nmtDNA alterations have been previously

associated with prostate cancer, the need exists for
further markers f3WYMMARYIOFEHE IVENTION St at e cancer .
Breast Cancer [0007] Breast cancer is a cancer of the

[OooggﬁggH%?Fesgﬁﬁﬂ% ?J%Hgllné'?@giétécﬁ Qirib DNA riRStonS PR in the

k cancer reast cancer cause
detedion oogancaéatrm;:cem%m wish 0 @speRs &f the: prasent §tventigrothesg is provided

a megﬁ)@tcﬁ )ete\e@ﬁg%\b%rgvfe7 N\Qﬁ Idivideal é%ﬂ\%@{“ zation Cancer

heet Anmong wone dw de, breast

Caaﬁ%%faur‘uﬁg b RfoIdE iefl sﬁﬂ%q%n?%Qﬁrﬂlv@UQ the nost conmon

cause of Tancer World Health Organi zati on

cdrr)@étraﬁ@etmlm@ndrr%DNMmtDNAD t‘rﬁmutaﬁ sg@pteai n nt DNA

al & enahiifgn tH@‘éﬁ]d&ﬁ?Bf R]E@NAQH%é’sﬁﬁﬁle%a@anda Weiktion in the mtDNA
breast Agent Ref. 102222/ cancer,

f cYeqERRGep Petwesn miopb residust 13317 pogh pbept residuigr @25460f1the human

200MNA b reemgexi sts for further markers for the
det ecti on of breast cancer. EOOOS Thi s background

i rﬁ)&OW@@f'%thesa’B?WloagﬂDNér'” rlﬁasﬁmﬁlﬁ@%'n@fth ety to at least one

Knewanirefedi@tar@a. bel i eved by the applicant to be of
possi bl e rel evance to the present invention. No

[001@dM §$h&drdahch W EPdiHel ¥spatt Sﬂlﬂé%reééﬂf inS&iehdthBe: is provided a
construed, that any of the precedin
method of monitoring an individual for the development of a cancer comprising:

a) obtaining a biological sample;

b) extracting mitochondrial DNA (mtDNA) from the sample;

¢) quantifying the amount of mtDNA in the sample having a deletion in the mtDNA
sequence between about residue 12317 and about residue 16254 of the human
mtDNA genome; and

d) repeating steps a) to ¢) over a duration of time;

wherein an increasing level of the deletion over the duration of time is indicative of
cancer.
[0011] In accordance with another aspect of the present invention, there is provided a

method of detecting a cancer in an individual comprising:

a) obtaining a biological sample from the individual;

b) extracting mitochondrial DNA (mtDNA) from the sample;



informati on constitutes prior art against the present
i nvention. SUVMARY OF THE | NVENTI ON [ 0009] The present

WO pvesd4on pertains to mtochondrial DNA nut at PONEAR@B/001956
use in the detection of cancer. In accordance WwAbdntRamn102222/00050
aspect of the present invention, there is provided R§c# 218260371
nmed) lyodniifyind ¢éhecambag i ndBMAan tharsanple maiving dusdquence corresponding

i g} A SR P IO A
o@@oﬁﬁg 38T ol of HASNATY RS e AP ghe 18 G ibNO: 1 o

2 °del etion
be‘ﬁﬁ@dﬂa Néh Ut atmstjw &rmmweﬁmelnmue.resi due 16254 of
t he human nt DNA genone; and d) conparing the anount of

[001§t DNﬁl é&o}&% émla%o% bgﬁ@gecﬁ gﬁi\g%l (fs%npi'ﬁvérﬂ 8ahthe?eat§tphowded a

known re erence accor ce
diagriastic kigfor agpog oof the eethodsfche lnvnvtxmt ¢apmprisingere i s
provided a nethod of nonitoring an individual for the
d@emaisighior ofllegtingpreer Moieritloging:sagipleshead ni ng a

?Irr(?}DNAgaBQI pr%@étFE LR ré%)gleﬁf%tf[) dtbBifhg qué ﬂﬁbﬂﬁcge'lé%on

fro e sanple quantifying the anount of
M DNA in the sanple having a deletion in the nt DNA
sequence between about residue 12317 and about residue

16254 of the HBRtET RESKRIRHONRF THEFIGURES eat i ng

steps a) to c) over a duration of tine; wherein an

[001?,]”‘3Ir ?ﬂééé“&nd SUE! fe%fur 6r tﬂ@lirﬁltehlf{gl Vil %]Ecérﬂg rfbYd beé?@nt% the

inme 1S 1ndicative I'n accorda
follovvm Hetaiest eratmelawvhm refasenneds mﬂdeﬂW@mnp@nded ﬁr@mgsS

provided a nethod of detecting a cancer in an
[oo141ndi ¥igpah i OBRIPhShB#ing cycle threshold as related to Example 1.

[0015] Figure 2 shows a ROC curve illustrating the specificity and sensitivity of one

embodiment of the present invention.
[0016] Figure 3 is a graph showing cycle threshold as related to Example 2.

[0017] Figure 4 shows a ROC curve illustrating the specificity and sensitivity of another

embodiment of the present invention.

[0018] Figure 5 is a schematic diagram showing the design and sequence of a primer
useful for the detection of the 4 kb deletion.

[0019] Figure 6 shows a ROC curve illustrating the specificity and sensitivity of another

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present invention provides methods of predicting, diagnosing and monitoring
cancer. The methods comprise obtaining one or more biological samples, extracting
mitochondrial DNA (mtDNA) from the samples, quantifying the amount of a mitochondrial
mutation in the samples and comparing the quantity of the mutation in a sample with a

reference value. In this regard, the methods provide a comprehensive tool for determining
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a) obtaining a biological sanple fromthe individual
b) extracting mtochondrial DNA (ntDNA) fromthe
wa 20plosgagent Ref 102222/ 00050 Doc # 21826037 RCT/LA2008/001956
quantifying the amount of M DNA in the sanpl e hayénrRgf: 802222/00050
sequence corresponding to the sequence as set fort hPopf 218260371
diseaSE@nbél a0 fod agresSEQtHeDprisds p&siticanaf an)indivdpeito ngndehelhe methods

f [ r y
siso VD 4 s g AT PR E5 Bt B S5 hbBlorns o
patleobs weporﬁmmzf]!erapetac@@adtamm tigiatrherdniegines. aspect of the
present invention, there is provided a diagnostic kit
Defidifdnscarryi ng out the method of the invention

conprising: (a) material for collecting one or nore

bi ol ogi cal sanples; and (b) suitable priners and _
[0021]eag aessfdgfin @tégltwim afl fechpicBiNmdRsientifio iermpmReegherein have the

sammgﬁhg g‘bl‘nﬂq: oniHindel B8RS, rgﬁ()&l‘?ﬂrdl-rqg lIIQH%eoérlPﬁ)rwhlcrll this

featur e i nvention beco nor e appar ent
inventiga bEEND®W ng det ai | ed descrlptlon in which reference
is made to the appended drawi ngs. [0014] Figure 1 is a

[ooz?r ap %sﬁfé@&"'h@%w?)ﬂ’?é RrhPhESIFOletbraso mhﬁaeﬁgowv%. gr%mlthe

15] Figure 2 shows a ROC curve illustratin _
Stategryé@ief it i toypedtdlersiapst thatguch apfarighien ismburyisrirgiy e@fm eRegiven

valuepﬁr%\?:@&g hbrRWE Wh'e%r of RQ364 sEécgﬁHaﬁy ?Eféﬁed'fltogr aph show ng
cyc e thresho d as related to Exanple 2. [0017] Figure

urve illustrating the specificity and

[°°2§Jens |A@|C\¢f'ﬂ‘§/d B&re@ndmwe@'c@ﬁ@m%@fﬁrsdp at"ﬁé“%@é%@ﬂb’ fluid containing

cells E@Hﬂﬂlﬁlbl@ﬁth[\lﬂQ%ﬁ]be%b%irﬁ&j 5Fdr%xém%FehEﬂéﬁdld)l@glgi\lflsg can be
desi gn and sequence of primer use

oW ng

de“VFﬂ é’oabttSée% %?h ¥ Prepst of %Staémé%tﬂ% _r frpmdoi@ﬂd salyar @erebral spinal
fluid, SPOMS uAndXRXucBUS Vs@nb\héltfﬁﬂ ngbhtﬁgeéllﬂﬁlds BRGictit ALbYAnBMSE like. The

sensitivity of another odi ment of the pr esent
biologigglsampds,may be a surgical specimen or a biopsy specimen. The biological sample
can be used either directly as obtained from the source or following a pre-treatment to
modify the character of the sample. Thus, the biological sample can be pre-treated prior to
use by, for example, preparing plasma or serum from blood, disrupting cells, preparing
liquids from solid materials, diluting viscous fluids, filtering liquids, distilling liquids,

concentrating liquids, inactivating interfering components, adding reagents, and the like.

[0024] As used herein, "cycle threshold" (C+) is the point at which target amplification
using real-time PCR rises above background, as indicated by a signal such as a
fluorescence signal. The Cy is inversely related to the quantity of the sequence being

investigated.

[0025] As used herein, “diagnostic” or “diagnosing” means using the presence or
absence of a mutation or combination of mutations as a factor in disease diagnosis or

management. The detection of the mutation(s) can be a step in the diagnosis of a disease.

[0026] As used herein, “deletion” means removal of a region of mtDNA from a
contiguous sequence of mtDNA. Deletions can range in size from one base to thousands of

bases or larger.

[0027] As used herein, “mitochondrial DNA” or “mtDNA” is DNA present in mitochondria.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0020] The
present invention provides nethods of predicting,
wael@gossiisg and nonitoring cancer. The net hodsSPCDORRG08B01956
obtai ning one or nore biological sanples, extracienngef 102222/00050
m tochondrial DNA (ntDNA) fromthe sanpl es, oc#: 218260371
[0028LantAsf yseddetdie, “amtation” eficompastexaryndodiitationtorthanye in

mito«%@%gﬁégarfmﬁ iro%qgﬁ wﬂgﬁ)@ee :«%H%Pce %ﬂ% ng}\k//nlti}%%t ﬁrﬂ?at%pr% nt ?nrbtatlons

transitlmsrﬁesdsrbdss praosvedsorss, (trenqsiorm’uensldemtlpoalxn\femslons duplications,

ecofiBESHbIOARRE roH07247L ARBRRRBR o 2ABZIPRL hayonce can

sease onse assessi n S OSI_
extetadwfromca single bbse chargrde the Jduitiomsdr lebionatidrs of ah eatike OINA fragment.
the nmonitoring of an individual's risk factors over

[002?1nrTE ﬁ@srﬁjéfl%d Rgrren{mé]&lntsgl(/ft)ng ftgﬁsgtﬁ:thgﬂgct%n 0??[&;6%9!’(!}/& ﬂqrue positive

erapeut | ¢ agen
rate)[re@ﬂtﬁ]obtmm@b@mﬂwemh@d héﬂwwm@enmnwent@ohm cal and
scientific ternms used herein have the same neani ng as

[003gﬂm?§l (%;ﬁ];lngﬂ RLRSP Q)e%}ﬁcfﬂp ?ef%[) etl‘artﬁ% FS}Q&FDSSJE Iﬁ%"gig&di%g (false

thi's i'mventl on ) '
positiverraien resulie obtained' uakmuthe medtask of thepreaeninaeansonod
variation fromthe stated value. It is to be

[003‘1‘Ederﬁ1tquﬁinst %raﬁ;}"%da’[%ﬁﬁkﬂf 1 an,d éﬁ%\%éﬁ?éébg{ Héjrgﬂ }'erﬁer to an

gi ven val ue provi de
Intergqiélen fedelmag wig @ﬁﬂ@anfm of[lmgm]ng/%smqf ﬁe@tu%rﬁwmmprovement

can bé’é&ﬂ &QI\IQ 3o @@ﬁ%‘%ndﬁ@ %E@a%ré‘tﬁﬁqgé’ E\érh?t%Hsy C?fsbﬁét@d with,

cont |n|ng C ron1 al ne

preventingihe deveieprpgnd (0b gir @aerl@gathplp@th@myt@éa@mae%mwﬁowﬁ terms
theratdy%ﬁlHQre%Hﬁth%?e Qé&ﬁﬁt’[h§5ro@ﬂ@§tts@ﬁf‘eu| :5\3 Sn'H:‘I’udeotﬁe bFeRBhtion

sallva cerebra i nal spu a, urilne,
(pronhytaw% ‘maggigiianareduciieny anﬁéwnmgﬁe%qilswm at vasiens steges. Preventing

detefibrétich é‘frHjsthéactE'ska@us E%o@&h%b&@d @qﬂPlté?nfT%lﬁbJQ@ts% need of

surg i cal Sp eC|nen or bi o Sy Speci nen. The biolo gl ca
ther%ﬁﬁ%é’"%’ﬁﬁ“@e‘”ﬁ%@”@ﬁ? REga hee'm the diseasn. a5 el aﬁrﬂaﬁﬁe prone to,

or atrf3R of Qé\fékﬁ)l@' tﬁéJJi 5QMeNGnAHBEE 1rf WISSH ’ff?é‘&lséé%er@fH by prteU@nted

character he sarrpfe Thus, the biological sanple

can be pre- treated prior to
Assays for Predicting, Diagnosing and Monitoring Cancer

Assay for Detection of Mitochondrial Mutation

[0032] Mitochondrial DNA (mtDNA) dynamics are an important diagnostic tool.
Mutations in mtDNA are often preliminary indicators of developing disease and may act as
biomarkers indicative of risk factors associated with disease onset. As discussed herein,
measuring the level of mitochondrial DNA aberration in a biological sample can determine
the presence of one or more cancers and identify the potential risk or predisposition of a
patient to one or more cancers. Furthermore, measurement of mtDNA at regular intervals
can provide health care professionals with a real-time, quantitative monitoring tool for
measuring the progression of a patient over time and/or as an assessment for treatment

recommendations in order to determine their effectiveness in preventing or treating cancer.

[0033] The present invention, therefore, provides methods for predicting, diagnosing or
monitoring cancer, comprising obtaining one or more biological samples, extracting
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use by, for exanple, preparing plasma or serumfrom
bl ood, disrupting cells, preparing liquids fromsolid
woraoenseli4, diluting viscous fluids, filteringPCT/queads/ 001956
distilling liquids, concentrating |iquids, Agent Ref. 102222/00050
i nactivating interfering conponents, adding reagentR¢# 218260371
mitochioddlidt ®NA (eetDNA) Gid4] thAsaopés, bed assayingdlye kamples &smatathondrial
) is e point at iC rget lification using .
mutaigh p): foRat ety Shotsldh RN Ao kb SBmp R arfisbaring
the levebofghabbeuativnagthaa feferenescatme Assvauidibe ufithesiObd ibg those of skill in
.hyer r t e ' :
the o BgSEIRnETRRRIS st e e b thad 58 FOBRBRE ciagnose o
monitodicageessAcaotdingly, the eejerestagdluererayselats tngntDINA gata selfected from
one &rmgrgq&lgﬁrﬁ n%-cgag@%@g bi8@98£\| sca%g?é:p %ho&eo(gr rmi'rte%ﬂ?ﬁ/ﬂ%ancerous
as a factor I n disease dragnosi's or managenent. e
biologiealesatriptas, efd/bhisormanatar ony(s piotmicabsaraples &kenwvetiene. These

' i [ . [
cerbBRRE o 28R e DAMABIBRR g o o
moreduelvgigal sampssquEiein, fof exanmple,. a Salilet droxievatethamawyef deletion in

ne St ST RARRL b FAREN Sl AR o pestin o
or the gngAillaf pareserar whereih o disogasingde vy efitheRefetivn 22er2ing® B3adicative
of cahQ% Jhs&1826037 1 [0028] As used herein, "nutation”
enconmpasses any nodification or change in
m tochondrial DNA fromthe wild type sequence,
[0034]nc| iiaengrddnceaith ani aspeettdf dre ipvenionnthe ametoeds, for predicting,

monifo'?iﬁﬁ%}w& Iy osih@%%ﬁc{eir QBpridd A5 %rocfb?ecéin and qtuantif ing one or
T ansl ocats ons: el et T oRs . i nVersi ons. ugllca fong.
morerraitenhbhdrial ntatiops. lo@eberdanteowith ereembedimenkof the invention, the

mutaflB9 s droat l\@/(‘dé’lé}i]&h%g@co% ﬁcg%v'tﬁ%ﬂﬁ%?@m%@Pin@ﬁi,QHanuié??fgh is an
asmg?le asecangetot%e addition or "el'l'm Hati on o
mtDNf delation ef 39R8bp phigA (refeyeaidp harsinias ithe d kheetstian” or “4 kb
n ach T L \i " .o, >t i.an f ! . [ .
e BB S ST 4, RO 01 o

havingfthe Beqynnes eatset fertbiin SER. IDNOI0) S H2 N dhererhsing, no
differeSREGEEIvEEh *sfvsg ek $ ah@ SEEID Kech wwap gﬁs cif@latform

positives ( Sse positive rate) resu obt ai ned usi ng

t he nethod of the present invention..
[0035] The 4 kb deletion spans approximately nucleotides 12317 and 16254 of the

human mtDNA genome. The human mtDNA genome is listed herein as SEQ ID NO:3
(Genbank accession no. AC_000021). The 4 kb deletion is characterized by direct flanking
repeats 12 bp in size, with the repeats located at positions 12317-12328 and 16243 to
16254. The repeat sequence is 5-TGCAACTCCAAA-3'. Thus, in accordance with one
embodiment of the invention, the mutation is an mtDNA deletion of between about residue
12317 and about residue 16254 of the human mtDNA genome.

[0036] The inventors have determined, as provided by way of example below, that this
deletion is associated with cancer and in particular prostate and breast cancer. Therefore,
such deletion provides an accurate biomarker and, therefore, a valuable tool for the

detection, diagnosis, or monitoring of cancer in at least these tissues.

[0037] The deletion results in the creation of two deletion monomers, one of 4 kb in size
(small sublimon) and one of approximately 12.5 kb in size (large sublimon). The occurrence
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[0031] The terns "therapy" and "treatnent," as used
i nterchangeably herein, refer to an intervention
w@eobossred Wi th the intention of inproving a seWj/€ardos/001956
status. The inprovenent can be subjective or objAgotRely®2222/00050
and is related to ameliorating the synptoms associ atef?'8200371
of thenil¢lbtiorpmey badetegtadHey atiberidoplifeing thef presencal of éne srpalt ieblimon or

e LIRS, B SRS s By p heroPY

sense, and include
t he prevention (prophyIaX|sz nmoder ati on, reduction,
[0038Ind Euemn@mmeﬁwodsﬁﬁeaym h@emlmbgncértaégwéatlormreéexéwdﬁg in the

Exanf$id 8&dt8h al*:')k §/| . ﬁﬁﬂﬁ%@A %@uﬁs%{gt el r¥ e ﬁ\Jlaa%?tfaken using any suitable

nconpasse e term nee
knowntieethpg./ MDA evdractiomisgoliaweadRyearapifisationl of @8 @y atiggipmgf the

mﬂoéhBﬁdr‘?él%@ﬁérﬁe ﬂﬁ rﬁ@l Inc%ﬁetsE&%c W &he Rt éH’onaFlalrd $8mef as is

devel opi ng, | sease, ose in he “di sease

knowingn the dbapd dessibed. fom@@awe ﬁropupeaeto?r@tqcmg in Moiﬁghbs Biedpay
(Aus&“flsqi eManijbAk V\V\%KE@@G@ N%ﬁﬁ%kfﬁW?q_ﬁI@e%éé) 'ﬂné?lflods for detecting the

M t ochondri al tation [ 0032 chondri al

presqnee DRAuUtafiphain &8 fﬁtlDé\‘Aa@ﬁﬂ %@ﬁl@cé@@ framasyitakle |t%chm§wps known to
thosé\/éktn%l iR e ér’f‘ Hr %a@ear%tz‘ﬁrg er[ﬁNlA Hbrﬂé‘érﬁﬁﬂué&ddéé]%%@g e

devel opi ng di sease and may act bi omar ker s

MIDNA AngifingemPNA iy IPQ%c%O&F*BeF%WHT diestpinm Qit¥vastern blot

hybri@i&®ins, dsnalirfigussies H%Fx@ikéhonrf@%%bﬁg;{st B%chlgwlr géﬁe chips,
m tochondrial DNA abérration in a biol ogica

molegylar Matker ANHES'S, W@%ﬂ%@én@@'t'w ISR Bk MR PHIINGR c?e‘?%“*%\rr‘ﬁi'on of
any dféehhpdwe. t he potential risk or predisposition of a
patient to one or nore cancers. Furthernore,
measuyr enent of nt DNA at regul ar inter r{flls can rOVI

[°°3ﬂeal Y edizble MepRS 9 %ﬁ?éﬂ?%cwtﬂc%?”#@%h[) A 8y be sed Pre?er ably,
mtDNIRMHrhpIfikd B¢ PORpidHto BEqicRingf Die me&ﬁ:urdfwn R&vell known in the art

ressi on of tient er t
and Baehe ERapm s foBabartnM AT AR SRs MElbEnayol, 165
335. éem%e@ramnm thebs s@tﬁ%@@éd mw&gw icldnpd m_«@atveagr @hich is then placed
e present i,nvention,
into & b oSt B0 s of HEARGELTHI0 Brbare A g A HE S g L I
and S)rhltf:ﬂﬂ_th GFBMQQWDNA SeRQBNEihG by Boridohedl Ditraghinge e/lﬁctrﬂiph@resis,
0 |ca ex t1 ngAge 2222
Nucig A F2 45 RTR 126 A LS At bl T HESHEPE e
sequeading By capiliily gsisaydtphbragisskBioes Ehayman z’cmhemdrma‘rhe combined
use of PCR and sequencing of mtDNA is described in Hopgood, R., et al, 1992, Strategies
for automated sequencing of human mtDNA directly from PCR products, Biotechniques
13:82-92 and Tanaka, M. et al, 1996, Automated sequencing of mtDNA, Methods Enzymol.
264: 407-421.

[0040] Although real-time quantitative PCR methods, as described in the examples
below, represent the preferred means for detecting and quantifying the presence or absence
of the 4 kb deletion, other methods would be well known to an individual of skill in the art
and could be utilized as indicated above. In addition, quantification of the deletion could be
made using Bio-Rad’s Bioplex™ System and Suspension Array technology. Generally, the

method requires amplification and quantification of sequences using any known methods.
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nmut ati on by: quantifying the anmount of an nt DNA
aberration in the sanple and conparing the | evel of

wo b@oakmns ati on with a reference val ue. As woubdr/ba2008/001956
understood by those of skill in the art, the refagnete €2222/00050
val ue i s based on whether the nethod seeks to predileF# 218260371

[004 4} ag mhéﬁfolwW|rﬁ'§3|5H|rh@rfse‘<‘anﬁ@fs aré\e%}ﬁﬁba of primérkensteh sy BNGEd for
r to m DNA data col |l ected from one or
the df'?’fail?‘gorkaﬁ eg%tf?@erous bi ol ogi cal sanples, from one
or nore knomn cancerous bi ol ogi cal sanpl es, and/or
[0042y om4abevapd (BRd<Stolask 4R 8- 1M$meas5l1azeﬂobmemutﬁaﬁEntDNA

Genol RS ST FRUR i G PR e P e ReRGRe doepup o "

bi ol ogi cal sanples wherein, for exanple, a simlar or
[0048] evatrederaghinds tofbades e63PDIN16409tdTehdihrhagimtBINA genpie) 5-

A e nd eat i /
Ae e R GETERAREGACH (I MAER or ' Sancer - “or wherein
an increasing |level of the deletion over tine is
[0044Ndi dabhe em?f)dlgwncelr the peesent |h0é}3|4a]1 4 paiaotangificatonybrirhers are
t the invent
usef}P a5 ostoron PRGN T o RsERiang e b el inis

embadimaats aye bbtheaired aimpiificatidn gri@etd duwerlaps aspliced ra@be of mtDNA

ot DR AL Ao BELRN:E1 o B SR s it e e

mtDN& Inetiéquie (ena aplverat arpbeltmh bbtvaszat 12828 ant da25of the tiBNA
e TP B E SRt o 485 PYarlePRingipriier aoF oY oBFim g4 Kb section
is detetepli effigars)a is larscaematicldingeanvslidwiyg theadesignemdeseh oehaseaitthe primer
. ation is an nmt DNA del eti on havi ng the sequence
(ie. éa%&@@é‘#'th in SEQIDNO 1 or SEQ ID NO 2, there

being no difference between SEQ ID NO 1 and SEQ ID
[0045)C: 2n mhathei emicodimahtaaf trﬁe)pneserﬁtmﬁk%ﬁioﬁj feepalr dflandwifiedtioarprimers

are lﬁgﬁgci aﬁﬁ%ﬁé@%&ﬁe@o%‘é ﬁg %ﬁﬁ t :ellége Aﬂ}éb ge‘szqsqdéngé ethee deleted
4 kb heqmmeamoﬁlit@ldtilnN@ag reffGem bsua k;lraldatersEDNm nodecule. In this

emb@:?m gﬁ% Wynngrdbf léﬁgﬂﬁcla‘féh gﬁmeﬁs @{%@ Ssc{h%rrﬁj%fq%é;bél te of the ends

of the é;kbaequérmeaﬂ'blab an iposade |orli$e 4ra8dant-of A28 kianalebbRABté¢ated in a

sam&lg?sSﬁdlc;:tP% Jf%g'\‘/?vl " sequence is '-TGCAACTCCAAA-S . Thus,
ccordance

[0046] In still another embodiment of the present invention, the breakpoint of the
deletion is unknown thereby resulting in two possibilities for primer location. In this
embodiment, two separate forward primers may be designed to amplify the target region
associated with the deleted 4 kb sequence. The following primer sequences are examples

of those that may be used for the detection of the 4 kb deletion in this scenario:
Forward Primers:

[0047] Primer A (binds to bases 12313-12328/16255-16267 of the human mtDNA
genome) 5-TTGGTGCAACTCCAAAGCCACCCCTCACC-3' (SEQ ID NO: 4);

[0048] Primer B (binds to bases 12302-12316 of the human mtDNA genome) 5'-
CCCAAAAATTTTGGTGCAACTCCAAAGCCAC-3’ (SEQ ID NO: 6).
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enbodi ment of the invention, the nmutation is an nt DNA
del eti on of between about residue 12317 and about
WO e®@bos146254 of the hunman nt DNA genone. [ 003B¢T/CA2008/001956
i nventors have determ ned, as provided by way o0fagentRef: 102222/00050
exanpl e bel ow, that this deletion is associ ated w tPpc# 218260371
RevaréPameand in particul ar prostate and breast cancer.
Ther ef or e, such del eti on provi des an accurate

ker refore, val uapl e t ool t he ,
oo, O ittt o B liondaBh BT s b Runicia biifarpe) 5-
AGGIAEF&}TGGESAAG@@N@—SB’ (JERBEIYNOIBE del etion results in
the creation of two del etion nononers, one of 4 kb in

i ze (small sublinmon) and one aqf approximate 12.5 kb
1005, ” AR pE USTERPHGH P poritD okl LAk (o pimers A or B
can BD2sEA4i(HRErsBpeinér Z1t8 26448 PCRofrotilnets thalt etd wsefuliry gPER assays.
detected by either identifying the presence of the
. sna sublinmon or the large sublinon, the 4 kb or 12.5
Bmk@g@ %ﬂwg ce respectively. [0038] Exenplary met hods for
assaying the mtochondrial nutation are provided in
[0051he E)harnoda@nsmaemtmm.prﬁﬂdesafot bliagncnﬁicmeslm\bﬂhfchdrmoa/esmlqjhiag or
corefl e e LA SR PSRRI HAOABRAR Ren ooaca
sample’ referetn atisade dribediy fluid borﬂdininglce@safnmmafvhlanmm can be obtained.

For %()%g\ﬁ%d &neslﬁig@sagl' Jégnr{: dé aérbge H%rﬁ\%%%ﬂ%és% %?t?o%? ’bu?ﬁot IFited to,

escCr |
brea@,Jplroetate Preotons onesdle Helattestainach, lohdndgyueg And thtedike par from blood,

sallvgl (jteﬁeb}glhs;tl)mv% é&%‘ %} ? uﬁp%,'}lﬁﬁ/\éonge%/noglgpfmld tple% K)%\éﬁal%ﬁnd taﬁnnlotlc
fluid ehdDitde ItkanTrhmblsbb@atumﬁle mayml dhédohed e tarnmuemuk nomnn-
canchfuk RO St b7 e L6 SpLeinERlor EXRIRL Spediighy 2! N9

nt DNA by PCR Sout hern, Northern Western
[0052put Ahedidlegical blamplel*qaurbedjlszataitbersdire@éwm abtaingd FRIGhe source or
ri r r C -
fO"O\DiX? Cpq{e %r@gf E@m%ﬁ @gicil’gya%lteéggﬁ%?ragﬁblé’ 'Il'lgtlﬁggne ﬁblBS.cal sample
can beem@dr@ttew lerlqmrt@ﬂsdz by goroexampen i pasing erasofa crrsgrush frohneblood,

. [@% . SU t ' . L
dlsruﬁ.?r?%tgﬂlgh | ﬁ%r%n%nd%ﬁﬁb&n@gblﬁsﬁgﬂgﬁé@gﬁggylsgﬁg fluids, filtering liquids,
distilling liquids, concentrating liquids, inactivating interfering components, adding reagents,
and the like.

[0053] One skilled in the art will understand that more than one sample type may be
assayed at a single time (i.e. for the detection of more than one cancer). Furthermore,
where a course of collections are required, for example, for the monitoring of risk factors or
cancer over time, a given sample may be diagnosed alone or together with other sample
taken throughout the test period. In this regard, biological samples may be taken once only,
or at regular intervals such as biweekly, monthly, semi-annually or annually.

[0054] One of skill will also appreciate that mitochondrial DNA targets are in much
greater abundance (approximately 1000 fold greater) than nucleic acid targets and as such
sample sizes comprising extremely low yields of nucleic acids would be suitable for use with

the present invention.
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N DNA is anplified by PCR prior to sequencing. The
nmet hod of PCRis well known in the art and may be
w@eobossred as described in Mil Ns and Fal oona, ROBTA2008/001956
Met hods Enzynol ., 155: 335. PCR products can be AgentRef: 102222/00050
sequenced directly or cloned into a vector which i gec# 218260371
Applidationp faicRek dicdtinga DisapiosingandMehnitofivg Qanesr of DNA
sequenci ng nethods are found in Brumey, R L . Jr.
. 1 , Rapid DNA sequencing by
D'ag'ﬁ%?'? @lemlhr{'?aqaﬁ%%ggel el ectrophoresis, Nucleic
Acids Res. 19:4121-4126 and Luckey, J.A , et al, 1993,
[0058) gh ThpeexialBNée sEcareacinmgodiyisswplypésaaryd ggd groups necessitates the
. e I 172,  TF
avatl% lﬁggf 20 ‘Pgoeﬁdg?mlgﬁtt gfsgggééér{r%orﬁ é:go ern@'%%,l&%i té moﬂﬂtgr the
succelsassm*rdl atmdoprntemapg obprevédtativetmedsurdsogR thStapasdgiresadvised to

oS BR a3R0HE 3R 20t USRI el T o
DNA ﬁ@@@pnsﬂmtmm ewbre bplayical sgmpies of DNdivideahcatsprevidg imtial
disarl of R e P N B s e o

represent the preferred neans for detecting and
[005@JuaniThé pysigmtand metbed ntive preset bmertioof for kgamplebmay be used to

dete(?%éﬁ%/élrggg? géwgstﬁg?’ltgh% cﬂg agthggor%ééﬁ:él aFﬁ&ﬁ%h{l% aiﬂjrthgrmore
sampig teshinly eteneeulaammmals buchaaidbiweelly, raerdhly $endseninoallyafr anheally (or

any c%yéresUthﬂe ensP%Q%Kr K g@ggggﬁ)ﬁzﬁ?.gslénﬂ QR S’f%l-@net, h

ogy. Cenera
quanﬁ@tlmmonwmgrte@ tawppaiecgainshiraaitheqliresoinfiendeiians tofdetermine

their%ﬁ%@%ﬁ&%éﬂgg}é&on orﬁ%%ﬁ%g%é@%%égiﬁ 'I?(I?;: fol |l ow ng

prinmer sequences are exanples of prinmers that may be
[005Used Taoing hew thethe exampless intohe embedingkit ¢he asentdogpliommay be

usedffﬂrr d’%é&mé%é"%%ié&eb@i)‘g nddptasiad nkopad ahd8rogtedsiG? Blvalds
potergial MA@HREGAATT eagiCageer( $EON¢ BsP¢t, thg present

mver{t1 8:5:& ﬂﬁ/l)lvés fi‘%vdéagﬁcglgé bihg %aﬁ%@ éﬂtﬁ%%k é@%\g%é?& %:E%

deteqtjon, diggnosis, and/or monltonng of cancer. In this method, mtDNA is extracted from

a biological sample (for example body tissue, or body fluids such as urine, prostate
massage fluid). The extracted mtDNA is then tested in order to determine the levels (je.
quantity) of the 4 kb deletion in the sample. In tests conducted by the present inventors, the
levels of the deletion were found to be elevated in samples obtained from subjects with
cancer when compared to samples obtained from subjects without cancer. Based on the
information and data supplied below, the inventors have concluded that elevated levels of

the 4 kb deletion in human mtDNA is indicative of cancer.

[0058] In another embodiment, samples of, for instance prostate tissue, prostate
massage fluid, urine or breast tissue, are obtained from an individual and tested over a
period of time (eg. years) in order to monitor the genesis or progression of cancer.
Increasing levels of the 4 kb deletion over time could be indicative of the beginning or

progression of cancer.
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[0044] In one enbodi nent of the present invention, a
pair of anplification priners are used to anplify a

WO a00g®s941£gi on i ndi cative of the presence of tPer/d¢AkdS/001956
deletion. In this enbodi ment, one of the pair ofagentRef 102222/00050
amplification prinmers overlaps a spliced regi on of Doc# 218260371

[00591t DN&nafdf %quﬁtﬁ*k ekill qmth@fartt\m aépﬂébxaﬁeﬁﬁéﬁﬂ@ysﬁ@%r@@dﬁdr@d
a ClIrcu

d mt DN
piologygl SETIRIS (T 28 ey bl g s aeT & BRPCD0rNA PV tasgy
providée?s edhs fdrex hﬁdﬁhléagﬁnmt) to mdrétoe ther dffectivdness bbifeddiment

reaimed s o SR et B Beg P8 Ld ik aho U i for use by

healts e provitére il Ei%htjﬂylngmdndSﬁr@uiel'm@eecrfmmb@daﬂohﬁﬁjr) lfestyle $Qits,

ID NO ,4). [0045] |n_anqgther enbodi nent of resent
such a5 PO Sighandexgarte. of Saibaen e Sorono BT Fereurs e b g
knomrﬁakdirﬁqgeasi(eg".g@dacbe,gdomntaatsso.oci ated with the deleted 4

kb sequence. The deleted 4 kb sequence upon del eti on,

f
oos %Y AFHRR:StReLofihé iRl ol e el for B ibS ppsetuting the
resultswfral @psert theosyeesnfmnng biipb e saxﬁplbl(eg gndstatefortbhensd chrrer),

COmR‘}Bﬁ‘gcﬁ?t@'”ﬁ‘&’@&C@a‘c?rﬁuat'i%ﬁﬁf & Péo"?ﬁ?éﬁ Fé%??fevén%f*e‘@&m%‘?”d
quant{iyPbhe bmosaht dfltheas db vetDNendidetionem theafontdisegsed siesue.
i nvention, the breakpoint of the deletion is unknown

i i, bi | f
petet iR Rrad sl IAPAAE ™ (v separate For var ¢

prinmers may be designed to anplify the target region
[006Hs s otn adedtoviulyhevahateleh atdaibtudl’ « bslsefqunernr enor@lvancers it is
. i rj e X .
o 4 B0 oY A RHERESP BE ATAE58 abE oh ok
undetshargd @rekcmammonicdte ithver phtient smsksfacto@) 4Ttje Rilizaton ofti{dopnedent

e e b AR ARl R B g s

an indiidigis stisceptiddity8 dPeiomeror® cémdeans) st providesa gall2A36 2ol RBitientify

pate e RS W RR R Rk ees 5* moigegraesleg monitoring anc

treat@pntagessurétef 102222/ 00050

[0062] In this regard, the various examples provided below illustrate a difference in the
amount of mtDNA having the 4 kb deletion between samples obtained from subjects having
cancer, and subjects without cancer. The amount of the 4 kb deletion was found to be
higher in the samples obtained from subjects having cancer. This determination was made
by comparing the amount of the 4 kb deletion in the samples from known cancer cells
and/or known non-cancer cells,

[0063] As such, the inventors determined that screening of biological samples would
prove useful in identifying an individual’s predisposition to one or more cancers. Thus, in
accordance with one embodiment of the present invention there is provided a method for
screening individuals for cancer from one or more biological samples comprising: obtaining
the one or more samples, and detecting and quantifying the level of the 4 kb mtDNA
deletion in the samples. In a specific embodiment of the invention, there is provided a

method for screening individuals for prostate or breast cancer from a body fluid or tissue
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Doc # 21826037 1 Reverse Priner: [0049] Primer C
(binds to bases 16391-16409 of the human nt DNA genone)

WG 2009A8GMT GGTGGTCAAGGGAC- 3' (SEQ I D NO 5). [ OBSDTAZ®S/001956
woul d be understood by a person of skill in the AgantRef 102222/00050
the forward primers A or B can be used with rever sgoc# 218260371

sampi bﬂmbriﬁng;%bfa’nﬁaﬁg me‘:lﬁalymummmi‘ssué mhple,raﬁ]mémingialnd quantifying
P S s.. Bio L ca 051] The esent
the 1S4l 1P ARbgreRA G R S LSried SnPER " vol ve
obtai ning or collecting one or nore biological

[0064]anrp IA@S relatedtdveumaratiex bf bk 4t kbemiDNs eﬂbtlémmemblsorp,redrspose an
L ui d

il B SR ROt e S B R e ROl e
agedeataingidies, mémenbirmdd]glagadj aBdin‘[dbewoman bespm:rtwaiystfmﬂmnty an
accu%{ugaii?)gpwr% I?Q/rgﬁgNR P% maﬁggﬁa(%goé% SFré{"étﬁ a %déﬁl%rj]ar lifestyle based
on an indiviteiabndiet, IegedCIsbeLabma’ ahd @lxpdmlw@tzb, krealni oeacln(ommeb'ﬂajs in
sccof B BF st et e G TR e FEAB el camer
scredriirg) gy ¢cxde mem@rﬂyanmmgprlbg oobrt tanenthe frnaumt af iharicidr dristionrin one or
morenbr@oglﬁg;:/sea@g) &S, H%?ﬁm%ﬁ@ﬁ‘fm?%é%? §|C§gqc%éq%%rg%§él @d@fﬁ stz%g tissues
or badg éldidsistitieas grostatd massagechitidionedné.r om t he source or
following a pre-treatnment to nodify the character of

Eval&g}l%n%?'fﬂ%l%gemﬂ% enpe bi ol ogi cal sanple can be

re-trea 0 use by, for exanple, preparing
pI asma or serum from bl ood, disrupting cells,
[006%]r epdihe moethodyori tHe pfesent igédrition mietyeals abe yseati ﬂous¢ragning potential

therapeﬁt?coﬁenq% f&ir ﬂ§ infcl;alnégrr trgéqmght%‘r'fﬁsmorq o?‘lbgltl#é t'Prgral egﬁ'& gf?ect of
once ralng?lqw [ nacti v 5
such@gepisndiesnethod pithe rpmehment@ndnayrm Uiseldgo n]je&isﬁtﬂ vaDaogs

biomgrﬂér% §goi:igtetdn/ﬁthathg c%éérs \%ﬂﬁfﬁe%‘ F’laerllgnt kfﬂg agmné/et .talgé‘&s%]g level of
sanpl e type nay beé assayed at a single ti ?l.e. for
DNAtdagagetireany binlogicahsaneple Atanyditee paintrerpyides-thetfhiendatio for a unique
and MQ%SV\% sfc?é«ln!rﬁrfgnt%fst 5Phh it \)lo%%ﬁ? ﬁ‘éaﬁthrﬁ@% ra@?ess tﬁé safety and
exanpl e, for e nonitor
efficacy of existing and new therapeutic agents and treatment regrmes Furthermore by
identifying the specific genetic changes underlying a subject’s state of health, it may be
readily determined whether and to what extent a patient will respond to a particular

therapeutic agent or regime.

Kits

[0066] The present invention provides diagnostic/screening kits for use in a clinical
environment. Such kits could not only include one or more sampling means, but other

materials necessary for the identification of mtDNA mutations.

[0067] The kits can optionally include reagents required to conduct a diagnostic assay,
such as buffers, salts, detection reagents, and the like. Other components, such as buffers

and solutions for the isolation and/or treatment of a biological sample, may also be included
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cancer over tine, a given sanple may be di agnosed
al one or together with other sanple taken throughout
wo b@owswit4 period. In this regard, biological seoplCas0s001956

may be taken once only, or at regular interval s Ageckes 102222/00050
as biweekly, nonthly, seni-annually or annually.  Dec# 218260371

in th¢ BI03A}e @eorefofsikd témparientsadfdioe kipprag bieayaphtised and the kit may

r N I

e RRIEL Bl PURBI S By SR g gomeenents
nuclelc acid targets and as such sanple sizes

[0068 mpWkéragpesapristeethe Kilownay aleb dsntein raadiosivessals, dsixing weskels and

oeb g8 P o B R S B B o

optiopalytineludé ingtrugdiong farsisagwhinkl mtyriiet pyevider i0anaper form or in Computer-
read 1895 506h 809 JMRNEBCHI/BG Y&, [ 0055] The preval ence
cancer in nost’ tIssue types and age groups
neceSS|tates the availability of a tool to not only
[0069k:t edn ondasprct ebine dnventionthees is pPheMided gt fon dirgnpsiog carmer
r es

com R N o o e YT gy B TEaRAS

rogreSS|on and spread of the disease. Measuring the
[0079ky e|In grother aspreteithainveniendeerets Bieyided adiidondiagmasing cancer,
for e?érﬁbl@%'ré‘s@éte %@H@a@ﬁcéﬁcela'&o PF’&M@ theahs ?&rexﬂé&}b'n% mtDNA primers

initial diagnosis of risk factors, cancer and
having thg @y/clgic ackksasiugaeasdecitais SE NS4 apd én@agemtﬁ &84 of
instridiign®r esent i nvention, for exanple, may be used to

detect cancer at an early stage, and before any

hi st ol ogi cal abnornmalities. Furthernore,
[0071k:s ihgnetherasparia' theinuertiandhargdhpmyidsd @é%tkfprydlagnosmg cancer,

for eXaMHIB lpYostRE B bRABUGHHCYr, @bmPRaHG Meané &S XMt MtDNA, primers
sui table interval) can provide health care

having t¢ 8elFisRgldsapuehces reeitad ip iSRQ 'QqUQﬁt 6 pag pyieagents and
instruBBBhg.Ori Nng tool to conpare agai nst treatnent
reconmendations to deternine their effectiveness in
he di sease, [0057] Turni now

oo e Bk e e o 22 e i

exampﬂeeeﬂels@ﬂfoﬂtﬂylt Wﬂl w@ﬁjefrﬁbodiﬂiaw"kb@ gxdhgled éﬁeslﬁféﬁae@fo describe
|IIust|%|{|ve emggdl%séln?s of o%vgr?tlo% a6r11 ar rng Et%%ﬁé tno I‘i:rr%me scope of the

invention in any way.

EXAMPLES
Example 1: Association of Prostate Cancer with 4 kb Deletion in human mtDNA

[0073] Urine samples were collected from five patients who had been diagnosed with
prostate cancer and five who had a needle biopsy procedure which was unable to detect
prostate malignancy. These samples were collected following a digital rectal exam (DRE) to
facilitate the collection of prostate cells.

14
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30

potential malignancy of prostate cancer and breast
cancer. In one aspect, the present invention involves
WO b@odsd4ect i on and quantification of the 4 kb Pt DINA2008/001956
del etion for the detection, diagnosis, and/or  AgentRef 102222/00050
monitoring of cancer. In this method, nmDNA is Doc #: 218260371
[0074]Xt r &pbAa dedaimf thedaph el & 8l akiyuot @ad famiovexiaamalteerb2ells were

centfi iRt 1 Moo S et n I ke Rl ethatR i 3 dikS SPR R G o0
determne the levels (ie. quantity) of the 4 kb
[0078]e| ePelats werd fesus@araled in 2®0Lﬂ ebd)s‘;)hetertdmete&ﬂsamye sblation. Both the

resulleRERboR XA HE ol find SYELE e NG AIE L BRAER jon

procatiurd usiag ter QialAbHrP lNRpMunelﬁt (Cbag;samblll\bm 36»4) acaveding tcotrne
u d._on the nfor
manJ4ALREL 3rPHloSs anE i 5 BRI Ve bBe Bl - P
Nanoflrey NDetDOOe‘Svrmckoprﬂotbdneted, akth ndehaizedto a nodoenmtxationt &M rigdul.
i ndicative of cancer. [0058] In another enbodi nent,
npl SR t
[00762[H Sgﬁnp%s w%g n%l@%uatg}?g%aﬂ] lPa%K/Qi’eaI'iSh% 21 gﬂhglz?ea?kb %eletlon
specnﬁconmrs aqudrdmgiieghe &olldwingst ed over a period of tine
(eg. years) in order to nonitor the genesis or
rogr | A f, e 4 kb
toor L PIRIE R Sr e S By IFRALBREVE. 378ieph0)
begi nni ng or progression of cancer.Agent Ref:
[0078]022200 00050rward pime? (3876081 GLAAUBYTABAECOACRICL TGAGC -3)
(SEQsﬁj Nb: k yn the art will appreciate that analysing one or
nor e bi‘ol ogi cal sanples from an individual for
quantification of a mtochondrial DNA target provides
[00731 med08 nfnof rexeisealrinter ¢ir AGEHNTIEBTEG TEAAGGBAC k&) (SEQ ID NO: 5)
ef fectiveness of treatnent regi nes. One of ordinary
kill L e utility of ntDNA
[008(§na ststle‘lrngg %@Q glé%)aﬁteﬁcid;re providers in
i dentifying (and providing recommendati ons for)
[0081]i f eRegelionmatsire syclediemanOnowr 2 BN Ergite GieReiddeanada)

[ e over exposure of an individual
accot t\éé%%;ﬁg\&@@#rgg%@s (eg. tobacco, pollutants). [0060]

Anot her aspect of the invention provides nmethods for
confirmng or refuting the

1. 95°C for 3 minutes

. 95°C for 30 seconds

. 69°C for 30 seconds

. 72°C for 30 seconds

. Plate Read

. Repeat steps 2-5 44 times

. 72°C for 10 minutes

. Melting Curve from 50°C to 105°C, read every 1°C, hold for 3

seconds

0 ~N O o AW N

9. 10°C Hold

15
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results of a cancer biopsy test froma biopsy sanpl e

(eg. prostate or
wowosmeer ous ti ssue froma biopsy sanpl e;
detecting and quantifying the anmount of the 4 KkkyefrkEMNG222/00050
del etion in the non-di seased tissue.

breast cancer),

Cenetic Predisposition to Cancer |

Resditdl |y eval uate an i ndi vi dual

cancers
[Oosﬁnde

samii gEeiE gt

susceptibility to one or
[oossqal ugiblestiaeld 2, @ndl tejuire fi )éh@\ﬁ&heemf&re\ﬂcé th e QﬁéaWC{éc%kes for urine

rovi ded wt

conpri si ng:

Det er m ni
0061] In ord

s risk of one or

obt ai ni ng
aneCT/CA2008/001956

ng
er to
mor e

t is inperative that health care providers

as nuch informati on as

ble to

erenegs in the mean

ossi
uitiTR &h%u?ﬁﬁmﬁ"eh? d nehygld Sﬂﬂé‘ﬂflcéﬂftd‘g
cycleftAdshblg ob&féreedlbr b luaahl @J’dofﬂbmhh gﬂ@ﬁ@?e Nhe réslvjlﬁmrbmhé Qhole urine
errati on w

'fg%%%ﬁ%g)f%g%%

nore cancers,

n
M-dual

it prov

ot only

i des a

ar e ti ne nore a essj
samAl o s RE e S A B RS R ga8 I BeUS pOURTTON ieqiRiat the .04
significzgaé tbvel. he vari ous exanpl es provided below illustrate

a difference in the anount of m DNA having the 4 kb
del eti on between sanpl es obtai ned from subjects having

cancer,

and subjects w thout cancer.
4 kb deletion was found to be higher

[0084]bt aiTakke T Moan Yalope trC IsBuiesgUaRA Sampleshi S
determ nati on was nade by conparing the anmount of the

The anmount of the
in the sanpl es

4 kb del 4
and/ or ki
i nvent or g

N on in the
own non-canc
det er m ned

speph es from
er cells.

IS0 Ve Vi atiee

[ 0063] As such,

t hat screening of biol ogi

stl.|Eror
:Mean

Benignpl es v

Lndivi dud

\qul d prove u

lL's nrpdlqnn

sition to ond

s&5 od57 N 1 denNijogyRg an

P Q. _re can

1.288876
Cer s

Maligpapts, i n

dccor dance

V\rl?t1h939r@e enboc

162883 0f t he

B3d8&ht

inventi o

there is pr

ovided a mett

ood—for scree

g

i ndi vidual s for cancer fromone or nore biol ogica

sanpl es conpri si ng:
and detecting and quantifying the |evel
nt DNA del etion in the sanpl es.
enbodi nent of the invention,

In

of the
a specific

obtai ning the one or nore sanples,

4 kb

there is provided a

met hod for screening individuals for prostate or
breast cancer froma body fluid or tissueAgent
102222/ 00050

[0085]

Table 2 Significance Test for Mean Ct scores

Independent Samples Test
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Doc # 2 1826037 1 sanple conprising; obtaining the
body fluid or tissue sanple, and detecting and

waee@onsdsyd ng the [ evel of the 4 kb nt DNA del et POTYCAR008/001956
the body fluid or tissue sanple. [0064] Age rel ab&@eRef 102222/00050
accurmul ation of the 4 kb ntDNA del etion may al so  Doc# 21826037 1

predisywose an|individual to, for exanple, prostate
canceLg@, breast cancer, which is prevalent in mddle
age and ol den nmen, and m ddl e aged and ol der wonen,

respEBYANSl y. |Similarly, an'SRENFMAAYIMSASE the 4 kb

nt adkplcet | on rmy be assom at ed with a particul ar

[ ft"bl.FyI & gse d—pnTarggi U@(qmquea?] Cﬁﬂg{d—e*?‘ﬁ.@m
habits, and” exposurle to car ci nogens

accordante with one aspect@of |t R&"i hvEWi on, InfervabeTienl
CTt#& provi ded wherei n regultaitedcancer scDéeniing DEgreheke

i@l ace by|monitoring over| tine|the amount of {her4 L}bBer
deletionlin ome or |nore (biological $anples,

(3
Equahon] M7AT {i-A% &xaRblled2of| iMOCh 61ATT [18e49BP ¢ad¥218r]d 187925
variarge®st at e | ti ssues or body fluids such as prostate
assu,ﬁgossage fluid) or yrine.| Eval pation|of Therapeutic
gents [(0065] [The nethod of the present invention nmay

Equah|'sp be Qised 1 @30%dre8aing4pot Ee47a( 264989 apA9eT d 12.06215
variargent s for use in gancer| treatnment or for |nonitaring
the|therapeutic efflect gf such agents. The nethgd of
the|present inventiijon nmdy be used tp neasure varni ous
assUBebmar ker s associ ated wifth the cancers identified

s not

herein. The abiTity t0 asSess the revel of DNA damage
in any bi ol ogical sanple at any tinme point provides
the foundation for a unique and informative screening

[0086]eSt ThBlkes 3raridntiavll $ire 2 ilCRAtehANhenUsARSLER-d G/ cle threshold
of 36%@& Sand ef ficacy of existing and new therapeutic

ensifivity g5 ay f@@ Prastate EanGgeR is SRYp and }yye specificity is 86%.
identifying the specific genetic changes underlying a

[008FUDb] F@ur§2$§ @R@c&@eﬁ@@érbﬂ'hg CharBBériftR (RO iduive |IIustrat|ng the

\[figy %{h %Pdto what extent a atlent wi |
specliGhERE G IAOLAE? &GP AR TN Hon 955 SGGIR 51ProtelP pancer when
testin@i dre. These results were obtained using a cutoff C of 36.255. The sensitivity of
the marker at this Ct is 86%, while the specificity is 86%.

[0088] The determination of the cutoff Cy of 36.255 is shown in Table 3. The results
listed in Table 3 show that a cutoff Cy of 36.255 provided the highest sensitivity and
specificity.

[0089] The accuracy of the test depends on how well the test separates the group being
tested into those with and without the prostate cancer. Accuracy is measured by the area
under the ROC curve. Table 4 shows the calculation of the area under the curve for the

present example.

[0090] Table 3 Determination of Specificity and Sensitivity

Positive if < | Sensitivity | 1 - specificity
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[ 0066] The present
di agnostic/screening kits for

W@ Do osanent .
nore sanpling neans,
the identification of m DNA nutations.

i nvention p

but ot her

rovi des
use in a clinical

Such kits could not only incl udePOneA208/001956

mat eri al s necessagant Hed02222/00050
[ 0067] The Kiop¥ 21826037.1

19.8€an opt i

di annps

onamly inc

fal QC C A\

|.o0@ reagent
cuch ac huff

s required to conduct a

t
T uyllU\Jl.
24'SJ{Jeagents

T8hd the

1-PRE. "o her

ers, salts, detection
conmponents, such as

294¢uffers

treat ne
LY

aa&Bsquti

a

oosofor the

| oaical

3054nc|uaed

Aé%%

t Ref

i sol ati on and/ or
may al so be

sanpl e,
189922/ 00050 Doc # 2 1826037 1 in

32.235e kit.

33.7¢ eagent 9

fpe or ng

i lised and
8(1 t abl e

L the kit may
03t he reco

r @49f Fhe co

35.11yophili
kit mav

Sefls conpon

al so _cant

em};g [ 0063]

in reactiaon

36.2%d ot he

r-88bnponen

t-343 hat f aci

nponents of the kit may
further conprise
nstitution of the
Where appropriate, the
vessel s, m xing vessels
litate the preparation

37498 thet
i ncl ude

egky sanpie 3

instructi

déie kit g
ns for use

392%aper fQ

r-8por

in ¢

oﬁ%ﬁterreada

39,968 SC, CF
| nventl Q

)’1 BDOoT—t

n there ig

hgod ke [0
provi ded a

40.2tancer o

oh@eq si ng

nBahs for ex

4145 Ters;

aspect g

4+
(S RLARS)

f 'the inve

P | H 4+ +
I Mot uct

y al so optionally

whi ch nay be provided in
ble form such as a

69] I n one aspect of the
kit for diagnosing
tracti on of nt DNA,

ions. [0070] In another

ntion there

009} agaoﬁie”&néﬁ%@f:&ftoff Eéﬂﬁe ?s"t hoShsRhed} st
) or ex F nt

Is provided a kit for

CIVE , inus 1 and the

Iargep’r q:u’t@‘f salhaw thg nta‘xenurm @beeraeahtastjveﬂesq ples d e Allitbe bthed cutonff values

are tr‘?éEQ/érQ

I'n"ano

e adpBfeenn GR0RA L

kit for dlagnosing cancer,

f or

%@g%%¥%E£M8§'°nS [0071]

ere’1's provided a
exanpl e prostate or

[009%r eadbleahiBesulis ShaprrigsAneg UnelantefROC &urveact i on of
nt DNA, priners having the nucleic acid sequences

recited in SEQ I D NGs: 6 and 5Asyewpdetidc 85%r@bnfidence
imstructions. [0072] To gain a better %?derﬁtanding 0
the inventi on described herejin, the fol
Area | Std. Error* | Asymptotic Sig. ° Lower bound Upper bound
.878 | .096 .018 .689 1.066

Notes: a - under the non-parametric assumption

b - null hypothesis: true area = 0.5

Example 2: Association of Breast Cancer with 4 kb Deletion in human mtDNA

[0093]

ten of which had benign breast disease or no abnormalities. These samples were formalin-

Twenty breast tissue samples were collected, ten of which were malignant and

fixed paraffin embedded and 20 micron sections of each were cut into individual sample
tubes for extraction according to the manufacturer’s protocol for the QiaAMP DNA Mini Kit
(Qiagen P/N 51304). DNA was then quantified using a Nanodrop ND-1000 and normalized
to a concentration of 2ng/ul.
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exanpl es are set forth. It will be understood that
these exanples are intended to describe illustrative
weedodsarent s of the invention and are not i nt enrdBEdAL@®S/001956
limt the scope of the invention in any way. BEXAMRRES!02222/00050
Exanpl e 1: Association of Prostate Cancer wth 4 Kkpoc# 218260371
[0094)e| eSanipldsiwdrt titeh adsBINA {00 (hE3bvdll bhte gabkeSonBY quantitative real-

10

15

20

25

. |l ected fromfive tients who had been di agnosed

time &nekhus tg?zg?l ngﬂw%r(?}d%g'nd five who had a needl e bi opsy
procedure which was unable to detect prostate

[0095fal | JHARYBR TheseSseerire@ionBad pearlucernd. i 0f8880DpW ng a
digital rectal exam (DRE) to facilitate the collection

f pr t el l.s. A ; ; . ;
10098 £ %5 Mo il e LGP pER Rct g reace )
al i geeEQWaANG:.eoved and then 2m s were centrifuged at
14,000k g to forma pellet. The supernatant was

ooshe 3o A LS S R o

resuspended pellet and the whol e urine sanple were
[0098Jubj @8tnhgdemplate DNA ireat25alceadionpr ocedur e usi ng t he
Q aAWP DNA Mni Kit (Q agen P/ N 51304) according to

rovosy?, BRAMASWERE Rude L B BT 2 LG EATHG IRsBRad imatbo
accosipectortop fedlowimg tpestoeaid normal i zed to a concentrati on of

0. 1ng/ul. [0076] Sanples were anal yzed by quantitative
real -t 1Mme5RCRrBiminutese 4kb del etion specific priners

accor di t following: [0077] 1X i Q SYBR G een
Supermiz%?gé?@fggd‘eﬁ? uct no. 170-8880) [0078] 100
nmol f of weasslfdp B30 REorde - TTGGTGCAACTCCAAAGCCACCCCTCACC
-3'") (SEQ ID NGO 4) [0079] 100 nnol reverse prinmer
(5' - AGGAIEINGSPGAATIESAC -3') (SEQ ID NO 5) [0080] 1

ng tenpy gife RNAyi N @ 25ul reaction
6. Repeat steps 2-5 44 times

7. 72°C for 10 minutes
8. Melting Curve from 50°C to 105°C, read every 1°C, hold for 3 seconds

9. 10°C Hold

[00100] Tables 5 and 6, and Figure 3 show the difference in the mean C; scores for
breast tissue samples from subjects having malignant breast tissue and benign breast
tissue at the 0.065 level.

[00101] Table 5 Mean Values for Cr scores: Breast Tissue Samples

Group N | Mean Std. Dev. | Std. Error Mean

Normal 9 |21.5278 | 2.71939 .90646

Malignant |9 | 18.9089 | 2.89126 96375

[00102] Table 6 Significance Test for Mean Ct scores
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[0081] Reactions were cycled on an Opticon 2 DNA
Engi ne (Bi 0- Rad Canada) according to the foll ow ng

w@e@bosal4 1. 95C for 3 minutes 2. 95C for 30 BET/OAZ®S/001956

30 seconds 5. afntae®102222/00050
Doc #: 21826037.1

3. 690C for

30 seconds 4. 72C for
Read 6. Repeat steps 2-5 44 times 7. 72C for

10

m nut
ever
10221
from

357 5ot B

€sveBe's TA&I

VYRE@NEES ne

ting Curve from 500C to 1050C,

read

for 3 seconds 9. 100C Hol dAgent Ref

c # 2 1826037 1 Results

[0082] Results

pel l et did nbistipr B§@I% MsANS i cant

di ffé¢
usef
whol ¢
as pt
1 sh
sanpl
and |

CTH4q 5B,

I @NCEeSSign
ul cutoff p

ovi ded bel
ow t he di ff
es fnom su
beni gn tiss
1] Table 1

the ream Gysige

oi nt .

> urine sanple did vyi

ow. |
ereng
bj ect
ue at
Mean

Howev

0083]
ein

t he

%

e

iR |

the mean Q
s hayvi ng prost af

0. 04

Val ues for

d qig

tmegs
thg

nlf'f
es 1

si gni f
Cr s

res ILilllrérS
cant ¢

an®@ifp

NOISEy oS er vesh, or

a

fram.the
. onfidence
i fTerences

aRIvatpighe e

scor es Dferdabd Ne

e nul ilghra

Nt ticciy

i cance 1°
cores:

TCATTU LK== AY

Wed) Upper

Ur i ne

Equal>anp
varianS Csor ‘
5ot 1

€607 YU934
s | ndepend

# 21826037

assumed

@by €

ené Sanpl 4
1

46

gp64 1

ps Test A&em

CRBHBE

hes38o T

or - NEag4535

Rgf J.Q%}%@Z/ 006050

8

Equal
variances
not
assumed

1.97
9

15.9

.065

2.618
89

1.3230 -
6 .1867

5.4245
2

[00103]

Tables 7 and 8, and Figure 4 illustrate that when using a cut-off cycle threshold

of 19.845 the sensitivity of the assay for breast cancer is 78% and the specificity is 78%.

[00104] Figure 4 is an ROC curve illustrating the specificity and sensitivity of the 4 kb

mtDNA deletion as a marker for breast cancer when testing breast tissue. These results

were obtained using a cutoff C; of 19.845. The sensitivity of the marker at this Cy is 78%,

while the specificity is 78%.

[00105]

The determination of the cutoff C; of 19.845 is shown in Table 7. The results

listed in Table 7 show that a cutoff Cr of 19.845 provided the highest sensitivity and

specificity.

[00106]

The accuracy of the test depends on how well the test separates the group being

tested into those with and without the breast cancer. Accuracy is measured by the area

under the ROC curve. Table 8 shows the calculation of the area under the curve for the

present example.

[00107]

20
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[0086] Tables 3 and 4 ,

and Fi

gure 2 illustrate that

when using a cut-off cycle threshold of 36 255 the
wa@engiosiavi ty of the assay for prostate cancer PGT/8A2%08/001956
and the specificity is 86%[0087] Figure 2 i S a AgentRef 102222/00050

Recei ver Operating Characteristic (ROC) curve
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and sensitivity of the 4

for prostate cancer when
re obtained using a
ivity of the marker at
ificity is 86% [0088]

f & of 36 255 is shown
in Table 3 show that a
he hi ghest sensitivity
uracy of the test
eparates the group being
hout the prostate cancer
ea under the ROC curve
of the area under the
[0090] Table 3

nd Sensitivity Positive

1084 < S€
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STHg VI ty 1
2'62)837.1 [Q

& e thd

20.47% the mi-AT%um obseBd®d test vV

10 7é dl QCbt
__val ue pl

cudof —val
Uzyq. Al
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th%ﬁother cu

21.3&ver ages
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Fe-4—Results
867"
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23.146sunpt i

o88dh - nyl
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|.66i% pot hesi s:
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[ 0093]

24.4%anpl es

wes® coll g

cgegl, ten of

and
2521

1.00

.889

26.66

1.00

1.00

[00108]

t yAgent Ref 102222/ 00050
snmal | est cutoff val ue
alue mnus 1 and the

Xi mum observed test
toff values are the
dered observed test
Showi ng Area Under the
non- parametric

true area 0.5
st Cancer with 4 kb
Twenty breast tissue
whi ch were mal i gnant

& _ the smallest cutoff value is the minimum observed test value minus 1 and the

largest cutoff value is the maximum observed test value plus 1. All the other cutoff values

are the averages of two consecutive ordered observed test values.

[00109] Table 8: Results Showing Area Under the ROC Curve
Asymptotic 95% Confidence
Interval
Area | Std. Error ® | Asymptotic Sig. ° Lower bound Upper bound
78 | 117 .047 .548 1.008

Example 3: Association of Prostate Cancer with 4kb Deletion in Human mtDNA Using

Needle Biopsy Samples
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ten of which had benign breast disease or no
abnormalities. These sanples were fornmalinfixed
w@anoaffi4md enbedded and 20 micron sections of eRCHhCA2008/001956
cut into individual sanple tubes for extracti on AgentRef 102222/00050
according to the manufacturer's protocol for the  Doc# 218260371
[0011D]a APSDINA nidkdiie Hiddsy sREcmens Rl ait3iBdd frobNK neisiduhlen9 without

ros SR . PR 90 DR bAoA BO5 35 e

paraffin emaeedaoFFPE[)@sgst;tasawiremammaltdmnoaﬁsaeytém f ©0 midnen

sect YS! o AP SBloRLA By ALRONEABE L S0k B vas

extraGredarsirgupe Qia AMP BINA Maul K|lir(@diget7 pin 5130%)- 8BBA)ex[rocts Blere

e e ————

rangé@om)34Y 7§ tanadng: eNrese eappleswreré Blluted to 2ng/ul and amplification

oo S P R4 L7 DBk 5007 React 1 ons vere

cycl ed on an Opticon 2 DNA Engi ne (Bi o-Rad Canada)
[001 4t c orTdbled: Reayevets fact IC@wicem‘rqﬁipm e dimplificatioB Refagtiors
m nutes 2. 95C for 30 seconds 3. 7Q0C for 30 seconds 4
72C for 30 seconds 5 . Plate Read 6 . Repeat steps

Readant AA4—tines 7. r2Cfor— 10 mnutes 8 —ivettim rve
gferom 500C to 1050C, read every 10C, hold for seconds

9. 100C Hol d Concentration
iQ SYBR Green Supermix 1X

(Bio-Rad Laboratories, p/n 170-8882)

Forward Primer 12303-12316/16243-16259F 175nmol

5'- CCCAAAAATTTTGGTGCAACTCCAAAGCCAC - 3 (SEQID
NO: 6)

Reverse Primer 16410R 175nmol
5- AGGATGGTGGTCAAGGGAC -3’ (SEQ ID NO: 5)

DNA extract 0.8ng/ul

[00112] Nuclease-free water was added to a final reaction volume of 25ul. Amplifications
were carried out on a DNA Engine Chromo4 Real Time PCR Instrument (Bio-Rad

Laboratories) according the following cycling conditions:

1) 95°C for 3 minutes
2) Followed by 45 cycles of
3) 95°C for 30 seconds
4) 69°C for 30 seconds
5) 72°C for 30 seconds
6) Plate Read
Then
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[00100] Tables 5 and 6 , and Figure 3 show the
difference in the nean Ct scores for breast tissue
W@ 2mplossiid r om subj ect s havi ng mal i gnant br east PCT/€a2@8/001956

and beni gn breast tissue at the 0.065 |evel. [0 f. 102222/00050
Tabl e 5 Mean Val ues for C7 scores: Breast Tissue oc #: 218260371
5 SaﬂmIZE(Sfc[rG@]mmaﬂesTabl e 6 Significance Test for Mean

re e 2/ 00050 . 21826037. 1
N R R RO R e

\Mbﬁ $ip a cut- of f cycle threshold of 19.845 the
Si IVI y of the assay for breast cancer is 78% and

the specificity is 78% [00104] Figure 4 is an ROC
[00113)r v Beblltsushovat infiableh €0, sieeminbiratetiyatamabesedigidualy it podstate

cancéﬂ%vé alﬁg\{ng %IQ& !ar?c! h%gésfﬁrze rﬁqri;éziéé/%[segsf Srh g ﬁ(gve%?%ti&? chr?rgstate

10 tussue)maaldmdtlo&swnﬂgaua pms_tabé tar@_ter.oPatl@ltsﬂIBh piistats earzder have §n
ovele BR8Pty b AR o ] o
valueld 3846 Thisgliftenenderof fabCe c@rrespbhds toemdrly d 0Difgld gceater 4 kb deletion
eveis Adhg afou DAt bbb Shoy oo Mt brSip MY’ o

accuracy of the test depends on how well the test
[001 & parables Ot Retient Hingroesismgdssoeaied firScohose with and
wi t hout the breast cancer. Accuracy is neasured by the

15 area under the ROC curve. Table 8 shows the
G R T L S
Gt temtnd v yisyighh rur Todeiofied e
CU?ﬂgGWﬁﬁmt SbESFCSEJ t 255?7\7;rJen?n nﬁz 1 and the
U B N T o o8 T, T observed et
CU%@%?%M@”Q'@F‘H wo consecuf P98 BFldgr ed observed test
CU¥ aB1&Malignant 29.1
CUG 1259 Malignant 29.1
CUG 1381 Malignant 30.2
CUG RN 82 Normal 30.5
CUG 1372 Malignant 30.9
CUG 1085 C T1 Normal 31.5
CUG 1317 Malignant 31.7
CUG 1377 F Normal 33.6
CUG 1365 B Normal 34.6
CUG 1370 Malignant 35.9
CUG RN 405 Normal 37.5
CUG 1366 Malignant 37.9
CUG RN 701 Normal 41.7
CUG RN 420 Normal 45
CUG RN 373 Normal 45

[00115] Tables 11 and 12 show the difference in the mean C+ scores for prostate tissue

samples from subjects having normal and malignant prostate tissue.

23



[001 09] Table 8: Results Showi ng Area Under the ROCC
Curve Exanple 3: Association of Prostate Cancer with
wdkimopsd4et i on in Hurman mt DNA Usi ng Needl e Bi opBET/CA2008/001956
Sanpl esAgent Ref 102222/ 00050 Doc # 21826037 1 p&eREOJ02222/00050
Prost at e needl e bi opsy speci nens were obtai ned fr offrq%21626037.1
[001160di VabladllsMeln Wales Wr (r Str@tAostarcsedinBiopSy Niskile
prostate cancer. Needl e biopsy tissues were

Groupor NEIN nr MeXad pps&f. Den. em&%r(mﬁﬂa as is standard

in-the ¢clinical |annnﬁf| anflnn Oim cron sections

Normgt edch b?’%ﬁgi; we$ @2 #bo s 283 | rectly into centrifuge

Malighaies @nf3f.he DNA3 wes3£xtragbgay usi ng the Q aAVP DNA

M-ni1Kit (Q agen p/n R1Qﬂﬁ) DNA_extracts were

quantified by absorbance at 260nm usi ng a NanoDr op
ND- 1000 Spectrophotometer Yi el ds ranged from 347ng to

|l es_were diluted to 2ng/ul and
mo"ﬁ‘pl ?’?16551 ’H”’?’ i T8 & s O?@cor ding to Table 9 and

the fgollowng: fQQl 111 T
ConcehteRFs &7t |f or Ampl i fication Reaction [00112]
Nucl etesEqdaligef viat er was added to a final reaction
vol upgahceddul .| Anpli fi catieRrer ug“t?%g,;sed out on a
DNA Engi ne Chragno4 Real Tine PCR runment (Bio-Rad
Labof atfor | eSiy. accor di rig { heigf ol Meam hgsSeyclii ng 95%
cond|tiong: 1) |95C flor 3|mputeg) J.ovned %Xd"fé
cycl es of [3) 9530C for 30 m(g:cords'4) 6 &rf or % 'Seconds
5) 7R0C for 30 |seconds 6 tle Reaf PHenAgbtRrvakefthe
102222/ 00050 Dac # :| 2 182603'. 1 leference
CTt40 fluid Lower | Upper
Equal 4426 | .051 2.45 17 025 | 5711 | 2.3258 | .8039 | 10.618
variances 5 11 9 1 31
assumed
Equal 239 | 127 | .033 | 5711 | 2.3893 | 5370 | 10.885
variances 0 05 11 5 1 22
not
assumed

[00118] Table 13 and Figure 6 illustrate that when using a cutoff of Cy 32.65 the
sensitivity and specificity of correctly diagnosing these patients is 80% and 67%

respectively.

[00119] Table 13: Determination of Specificity and Sensitivity

Positive if <* | Sensitivity | 1 - specificity

24.7 .000 .000

26.7 .100 .000
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7) 72C for 10 mnutes 8) Melting Curve 50C 105C
readi ng every 10C, hold for 3 seconds 9) 4C Hold

WO 0020341

Resul t s,

shown in Tabl e 10, denpnstr aP@T/CA2108/001956

those individuals with prostate cancer have a | evwirReiC{02222/00050
val ue and therefore higher Ievels of the 4 kb del etd°oh?'8260371

28.0i n prost

AN~y

[«.8 Bl L2 w3 BN
28'5% val ue

aB(K.)tlssuj 00an do thg
'%(?d 30.7 vhile the pat

28. Q&ancer h

ron

ayed an ave

o r\F

ra’gb G val d

29. 65&r eat er

bg% deI et

oh T evel 5

30.3%r ost at ¢

mﬂ I gnang

PAat i

y1than in th

hf\C‘l

se Wi thout prostate
cancer have an average
ients without prostate
e of 36.4. This

ds to nearly 100 fold
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show the difference in

J._l'] L= YAl

Score [(
312t he nearn
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SOt
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32.65.6] Tabl

Rlnncv Ti

egdgl Mean
Lssue rnm

Vakiles for
171 Table 1

Score Prostate Needl e

341 Score

s80%0118]

¥4df e 13 and

2 Significance Test for
Figure 6 illustrate

3228 hat Whe
and speg

Ngdi N0 a

|f|r|t\/ of

cggit of U
correctl Vi

32 65 the sensitivity
i agnosi ng these patients

36.7i s 80% ¢

an®0&%7% r e

p@@lvely [ d

01 19] Table 13

zDetermn
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1 [00120] Although the
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Mth reference to certain
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g1¢000mthe
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scope of the invention
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Al'l such

[00121di Aiteeudhdhe inysniimruhas heenajegenimdiwithoetanenaskio Icedainispecific
embéd}ﬁel"flg,tv:ﬁﬁﬁs modifications thereof will be apparent to those skilled in the art

without departing from the spirit and scope of the invention as outlined in the claims

appended hereto. All such modifications as would be apparent to one skilled in the art are

intended to be included within the scope of the following claims. All documents recited in the

present application are incorporated herein by reference.
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Bi oPhys Res Corrun 195: 1104-1 110 1993Agent Ref :
Héﬁ{? 2 182603?1 1 V\fE 1. A nethod
1. ﬁteé %ﬂ&gpce‘rﬂp an Indiyug ?ﬂﬁ%‘?”s&%prl sing: a)
obi)aibnaumgg abbjldgjnfqﬂsﬁmblea‘ﬁimﬂ% |ﬁcﬂmemé|h$ i ndi \(}I dual ; | b)
extractin chon rotesanpe;
B tRet By ias g R BRANTERAN RotRE: sanpt o
hayyiquantfyielgltes iaarouhtot meDMNA IiNfes samigle dravingtavaelsti@bibuthe mtDNA

R R e T -

genotriee as@npl e haV| ng the deletion to at | east one known
ref.erence v t.had of im1 wherein th
deJ)é;Pmﬁ”ﬂ% ear’g%%‘gggﬁD |ggqe ?ad?rfqﬁ%ﬂﬁm ‘g_kts eéetmto £ least one
knowarref8kpceaNe. 2. 3. The nmethod of claim 1l wherein the
at | east one known reference value is the anount of
the deletion in a reference sanple of m DNA from known
2. norhecasthed @fisldim siswkerein thedigletibnihds adseqlibecaras betdforth in SEQ ID

a in an el evated anount of the deletion in
NO: TRFSEPE‘P%@ sanpl e conpared to the reference sanple

is indicative of cancer.
3. The method of claim 1 wherein the at least one known reference value is the amount
of the deletion in a reference sample of mtDNA from known non-cancerous tissue or body
fluid.

4, The method of claim 3 wherein an elevated amount of the deletion in the biological

sample compared to the reference sample is indicative of cancer.

5. The method of claim 4 further comprising the step of comparing the amount of
mtDNA in the sample having the deletion to the amount of the deletion in a reference

sample of mtDNA from known cancerous tissue or body fluid.

6. The method of claim 1 wherein the at least one known reference value is the amount
of the deletion in a reference sample of mtDNA from known cancerous tissue or body fluid.

7. The method of claim 6 wherein a similar level of the deletion in the biological sample

compared to the reference sample is indicative of cancer.
8. The method of claim 7 further comprising the step of comparing the amount of

mtDNA in the sample having the deletion to the amount of the deletion in a reference
sample of mtDNA from known non-cancerous tissue or body fluid.
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5. The nmethod of claim4 further conprising the step
of conparing the anount of M DNA in the sanpl e having
wo b@odsdset i on to the amount of the del etion i NPET/CA2008/001956

reference sanple of ntDNA from known cancerous rosEise102222/00050
or body fluid. 6. The method of claim 1 wherein thée°gt 218260371

9. | eH=t methedlofiany oneoécleimre1 Y@ B wderain theesteprotiovantifyindie conducted

I a reference sanple of ntDNA from known

usin %ﬁﬁ@?%ug i ssue or body fluid. 7. The nmethod of claim

6 wherein a simlar level of the deletion in the

0. 0 £ SPGB, | %o RERIPIE G5 1 coon

includesfirst amﬂyfwr‘measttae@t degicnmfamiDNA that iavidieativefof therdaletion, and
quandglllry}ﬁe 5?”5%130#1 Ilﬁéﬁqa%%pr‘égd?? to the anmount of the

onlnar nce s nt DNA from known
non cancer ous tlssue or body fluid. Agent Ref:

one o%,/ Q-\QQ%Q ol 176 %I%m%ﬁ@péﬁ pﬁn‘cr)er h-gbﬁ%l QHEQn?% c&%’sponding to

ai s erein the st ep quant ¥
SEQj D Nenduistusgd m p@f ptal pail pfearppgification prrrn@rSnf@f gewlitying the target
regiogny one of claims 1 to 9 wherein the quantifying of
the deletion includes first anplifying a target region
of n DNA that is indicative of the deletion, and

12. quﬁ@ ol Bf BRPoRBUGINR!1 ohe RLhih&EadaF BFrodta@! @Rcer.
11. The method of claim10 wherein a PCR priner having

a sequence corresponding to SEQ ID NO 4 is used as

13. Paffe QbtddRALAy Bhe 8R4I 1%t1'1%é?élh"fﬁ‘é Sarlcar |sadi’9édt fcMhé&
the target region. 12. The nethod of any one of clains

1 to 11 wherein the cancer is prostate cancer. 13. The

14. et the®oddtYarNEnObr Elamhd™s td 1t10wHekeWBE Bidlodibt safMEls a body

IS breast cancer. 14. The nethod of any one of claims
tissug of Bodnfluigher ei n t he biol ogi cal sanple is a body tissue
or body fluid. 15. The nmethod of claim 14 wherein the

bi ol ogi cal sanple is selected fromthe 9 oup
15. The method of claim 14 wherein the biological sample is selected from the group

consisting of breast tissue, prostate tissue and urine.
16. The method of claim 10 wherein the reference value is a cycle threshold.

17. A method of monitoring an individual for the development of a cancer comprising:

a) obtaining a biological sample;

b) extracting mitochondrial DNA (mtDNA) from the sample;

¢) quantifying the amount of mtDNA in the sample having a deletion in the mtDNA
sequence between about residue 12317 and about residue 16254 of the human mtDNA
genome; and

d) repeating steps a) to ¢) over a duration of time;

wherein an increasing level of the deletion over the duration of time is indicative of cancer.

18.  The method of claim 17 wherein the deletion has a sequence as set forth in SEQ ID
NO: 1 or SEQ ID NO: 2.

29



consi sting of breast tissue, prostate tissue and
urine. 16. The nmethod of claim 10 wherein the
wo edoensgace val ue is a cycle threshold. 17. A nettrod2mB8/001956
noni toring an individual for the devel opnment of AgentRef: 102222/00050
cancer conprising: a) obtaining a biological sanpl gjoc# 218260371
19. b) Trexinethotiof glair t1G fhinstrdoad priBiNg af rdabiNye §teprelebted from the group

S le: € uantifying the a t of mDNA in the .
cons3HREPE et ROy atbshl'St AN BisSeiaonid B delgton to the
amowati @fither dedetibnen 428ferenes damipteudf mi©NAdfniem k6awA noh-chheerous tissue or

) en X ) <l ting steps.,a). tqQ C .
poay JYIF Aol e BrfiERRghG AREoroRBRA hi% SAFEE Rligbiad dptetion to the
amowft dfhke dieletibn dm acretrendresatoplataf omDOIA fromeknosvn cancerous tissue or
bod :/\ﬂpd cative of cancer. 18. The nethod of claim 17

y fluid,

erein the deletion has a sequence as set forth in
SEQID NO 1 or SEQID NO 2 .Agent Ref: 102222/00050
#: . t . | ai 7 _fur r o
20. s neAEAR 0 1o s NS, S A0R0R] o B B i
target oegiors bf MDA théta} irclicdize iohthet drdetiompand qoéntifyibiNge amount of the

y . having the deletion to the amobunt of the
amplg'gﬁé%@gﬁjesﬁma reference sanple of ntDNA from known

non- cancerous tissue or body fluid; and (b) conparing

21. : gﬂ]eﬁggﬂ%ﬁ o?fcla('f)&u %ﬁ%%i gﬁe §%B.H:Jf %gglﬁtﬁi(lgg ist Qo%dglgtlegltdé%gfreal-time

anmount rontin ence sanp
PCRnt DNA from known cancerous tissue or body fluid. 20.
The method of claim 17 wherein the quantifying of the
del etion includes anplifying a target region of ntDNA
22. t hHte ingthod dif ckaim\28 wiereinea BeReurimet,hasing agsenvenés corgesponding to

t Nt h i £i. . i- .
SEQlFNETNR'ph & PSP IS, AAPRRUS PR B Al
regiodonduct ed using real -ti me PCR

23.  The method of any one of claims 17 to 22 wherein the cancer is prostate cancer.
24, The method of any one of claims 17 to 22 wherein the cancer is breast cancer.

25.  The method of any one of claims 17 to 22 wherein the biological sample is a body
tissue or body fluid.

26. The method of claim 25 wherein the biological sample is selected from the group
consisting of breast tissue, prostate tissue and urine.

27. The method of claim 10 or 20 wherein the amplifying of the target region is
conducted using a pair of amplification primers, one of the pair of amplification primers
overlapping a splice joining regions on opposite ends of the deletion.

28. A method of detecting a cancer in an individual comprising:

a) obtaining a biological sample from the individual;
b) extracting mitochondrial DNA (mtDNA) from the sample;
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22. The nmethod of claim20 wherein a PCR prinmer having

a sequence corresponding to SEQID NO 2 is used as
w@aoow/osdf414 pair of anplification prinmers for ap@l/iCAyi08H01956

the target region. 23. The nmethod of any one of Ag¢htaef®2222/00050

17 to 22 wherein the cancer is prostate cancer. 24 Doc# 218260371

Tho quattifying tife amqurm oemtDNA lirathessainpld loavay adeletiomcdriesponding to

d qf f
the sERFER =5 3LRET FBNENO: £& FaRdfed elipie i o s °
b@k]ycompelsmgetI“ﬂranhrmmy of ntDMNA irRthe sahpleredrresgonding tcaSEQAD NO: 1 or
sEQ RSN LhRaB GG AR A, Sl eot ed from {he

gr oup “consi’s reast tissue, prostate tissue and
urine. 27. The mat hod of claim 10 or 20 wherein the

29. a'ﬁ'ei ;n%é{h%g t?ff ?Igﬂ? ZB%QQemr ﬁ'l%l Qtnlea§t 8?@%8\5\!&%6%%&?% Galue is the
palrr or anpll catlon the palr o
amouahpf tHel suieoce pmnremosdlogém |S&[Q)i[h@|Qi spt SEQ [DoN@E 2gn a reference

samp PTe & Jﬂ{ﬁﬁﬂ@ﬂorﬂ%g%tn%n%ﬂéer%s ﬂ&gle%?!?g&)i( ﬁ’Lrl]d 28. A method

ng a cancer conpri si ng: a)
obt ai ning a bi ol ogical sanple fromthe individual;

o SHECAHLED  BISLPR A, SR 99 B e o
amouqltjaﬁth_ef saqugneeh eorsgapoending fio BEONILD NO: tther §EQdIDeN?a:2|t IE@I rfference
Samp%é%%%ﬁ%rkﬁﬁwéﬁ%h%#%@s@? R BRI o rpar i ng the

anount of NMDNA in the sanple corresponding to SEQ ID

I\IQhe m%%ﬁEQh R{rewe gf E@n@ﬁt 28et%S§0 C\ﬂﬁerglﬂom £t§éte<5fe§l9§}tlfymg is

t hod whereln the
condmt@d keiogweal-émerRGRRe val ue is the anmount of the
sequence corresponding to SEQID NO 1 or SEQID NGO 2
in a reference sanple of nmt DNA from known
32. ndiec methwdogb daigsge whergipdinef Quardifyid® . of The deletinnd insfudes first

ampliﬂéﬁ?t?@e!"ﬂéédi&% Bf MIBNAUhAERShdiCARKING defiBh EAE quantifying the
amount of the amplified target region.

33.  The method of claim 32 wherein one of a pair of PCR primers used in the amplifying
of the target region overlaps a rejoining site of the sequence corresponding to SEQ ID NO:
1 or SEQ ID NO: 2, after the sequence has re-circularized.

34. The method of any one of claims 28 to 33 wherein the cancer is prostate cancer.

35.  The method of any one of claims 28 to 33 wherein the cancer is breast cancer.

36. The method of any one of claims 28 to 33 wherein the biological sample is a body.
tissue or body fluid.

37. The method of claim 36 wherein the biological sample is selected from the group
consisting of breast tissue, prostate tissue and urine.

38. The method of claim 32 wherein the reference value is a cycle threshold.
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amount of the sequence corresponding to SEQ 1D NO 1
or SEQID NG 2 in areference sanple of m DNA from

whe@nsaancer ous tissue or body fluid. 3 1. TheCcrenbwmd001956

39.

of any one of clains 28 to 30 wherein the step @fentRef 102222/00050
quantifying is conducted using real-tinme PCR 32. Tie# 218260371
meA Hiagnedticaditdomeadrylgvdie tred methbe oflimndnd ¢fi dlgimef1 tblB8 comprising:

del etion jncludes first anplifying a target region of
e RiRefaal B eoleitine b6 bemBR tipo i BmiRis S
quansuifaplenginidre aadoeayentsf fot Heteetingl thé heONAatefptionr egi on.
33. The nethod of claim32 wherein one of a pair of
PCR prinmers used in the anplifying of the target
region overlaps a rejoining site of the sequence
corresponding to SEQID NO 1 or SEQID NGO 2, after

t he sequence has re-circularized. 34. The nethod of
any one of clainms 28 to 33 wherein the cancer is
prostate cancer. 35. The nethod of any one of clains
28 to 33 wherein the cancer is breast cancer. 36. The
met hod of any one of clains 28 to 33 wherein the

bi ol ogi cal sanple is a body tissue or body fluid. 37.
The net hod of claim 36 wherein the biological sanple
is selected fromthe group consisting of breast
tissue, prostate tissue and urine. 38. The nethod of
claim 32 wherein the reference value is a cycle

t hreshol d. Agent Ref: 102222/ 00050 Doc #: 2 1826037.1
39. A diagnostic kit for carrying out the nmethod of
any one of clains 1 to 38 conprising: (a) material for
col l ecting one or nore biological sanples; and (b)
suitable priners and reagents for detecting the mnmt DNA
del eti on.
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