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of the mealemifslasmayPkindiagserons i s epidermal tunours and adj acent

nor mal ti ssues.Huh@hhen-MelaforflbRiNainteqNM S0P isSheasahaiotkst@hded th idny Dbk &Gan

{r om pr oot APUSHER BV EricleP G2 OB D T BEa Iy 3h e L ToNter Fr Gifrnoms
mal i gnant , (Bad) maﬁan&ndceﬂilcsﬁ:ﬁmha {Sex). gBC Ry aosibadle inyhsiveciad Eanerosp sihinats
conpl oo it SAROREFIay metsrife S piofsBa ol P s Bt sefrmnce
nor mal ti ssuege NMH@s b mluchts \T@bh@t@ow@r@smbm swse bigafipint hirggineotprgidnrdRess,
Tabl 6 6 Shond) t RaRe el %43?2&%%%“89%?9%%@%‘%‘%&% thoughy
li st of priokess fipsertedursoEiesens nemaly actin@berapds D@E@rrzqs@f Peiengfdisease (in situ

| nvention Carcmoma)'[ﬁgesrﬁ@g%od of the present invention can be used to

di agnose di seases |1 nk to mtDNA. The et hod of the present

i nvent ibn provités e keapr Spteroprositcafringc sl Fupmesenehish sypgests the
i ndi vi dual infdi@mert PkQkQOLEBEr sﬁﬁ:@@io@ genfe@xlh t}%*@e@:llc@mgfﬁ aﬂé}kdnﬁglp an hﬁ@, a@f&qual

the m tochondria] gengne, cing . a portion of the mt r
genone, pr@fg&aﬁb%iig@ﬁégf@ﬁ% b e ShEFraIcoYEn Frisng o %‘?ﬂ% (E%zwan et

lﬁ usi ng ad]ywbﬂCRMmﬁch)&I’tﬁ 19%]’16[511555 1ﬁ@orhilngfdr themfoﬁgs{&’&ﬂﬁraltiohqwadse it suggests that
chr onat ogr LC o rapi scr
ol o5, CHPE Bt TO AR FOEEENET O Ol SOTPEe SERPEE e fppedmoned

sensi tive thbdvelaptheamrat i ssequencing in terns of detecting nutations,
and can even dete t2% er.opl a par.ed _-w 20-25%

ordi nary sequen‘%‘:l ng forl\?@?%’ﬁo dig t%rdrn'é i ’?ﬁgggia gﬁgl‘?:hﬁeh\yg?%gg%é Vhen tumour cell
het er opl aswiye (fer@do havg =al ispaitpd rchev@d)rmpmbm 2@iAsighi gleeb T astivity (Shot &riVebin,
ker ot oses” an (o) p

el carci 1nd§? Redeht flﬂ{aﬁg eRLi g&ﬁgrﬁ}g{ rr??e ¢fdr§1‘£dlﬁ$ndlr1§?de%pf&ls FGREVATRUE, 1998)
accumul at i ogethsf with diregfagh wpltfww piimoblatnhic attD hén%métmlcalonazwerc@amp & al.

level so5 1998 . Polyak et 51948 &8vi\GIi8h Penta &k, e‘iO@S) PR PurtuEs &fthcstﬁé/cﬁéraheck and
alternative Or ms of a given DNA sequence OCCU§%| ng a SpeCI

pl ace on aluehifyiapdche2000), and gapgic L}g%fsk@?r@irﬁ et alg P40} iTthT symeert 51‘5 hypothesis.

nlet wor k- ( ANINhermidR2R fﬁasaeeé&i prbpbadd tﬁt@llrﬂeg'eﬁmtoﬂhdlﬁﬂﬂldl &S&amr@@ 2ot @leCavBI8 0Lk Rt ve

el ements process i nfornation sinultaneou tin

f rom past p%ge[nesp?%es (ROS) which havggeeﬂ}ssg ig)ﬁhgh Yo rg” ctggr&}%{ r?ﬁ}lak 5}3 {B9QQL1 et al.
"spotting"i1wef er s t o a process of ~depositing a nucleic acid onto a

3050I|d substr a_nucl

acid i &irrever §?‘Eﬁ’ g'ﬁg}])’ fhs ”E"ﬁ‘étoﬁ 3?‘?8&?&% N Sg‘fw“ @f‘t m‘%%t{f’gf %Tabg\}cfha g the

hydr ogen bﬂmﬁ&tedrmltcmhmﬁmlrdyeﬂuﬁm:bm @nNs important coﬁsbumetd Huereidagenerative diseases
"atypi cal r.al I i

nor el - buE ey ACREELR, LosToBEPy o 30, FRERLONRE: WG REk because the
"basal ceI Ihlit@amrﬁirmiozmbmmn%t@laﬂyﬁesceifrtlb@atnclé?tﬂtms dkg tp telhigh amgpg of ROS

used her ei &oducgﬁﬂl tglrs] oréXﬁélﬁ%oQJled"\Qn}ﬁ%@g&[{ of Proiad lklstorﬁ@tam{ G FRNbS IQt'DNA
progressive; not malignhant As ed herein, "benign prostati

di seasd® cuprii Fatcuess et By ioisSavaer &iva H@EF"*‘% &EDH%%WBE)F%S’Q &Ompmd 10 the nucleus.

i nfl ammat i @aeed athe Ofallitytmnpfa&sroatmt@NArr&t aphsica, madadmgfeesﬁaat thét of nuclear DNA
intraepitheli al erei.n, ' Bowen ase" nean

pl.a in
ity ep dentaliceadO8 namnet e mBRA bR, (B HHop e ecer L ErE RSB
(CT) ist hﬂdxmd‘lﬁosﬁble\&hlbdéﬁke tt@le)Stdeﬁ{?qdl thitheead. | Diis Iis ﬂ@ﬁrt:ﬁiﬂ(ﬁ&tethe investigation of

5backgr ound s indica a sig such_as. cence nal .
ae used_ hePIE mfiagnsaihRt Bediac s 5 ey 2inthen U bF AGET B R 8 g v
or abseﬂcemmfcccaRmSt 1&tth&)9&n@ﬂ’aticﬂ06fbth o¢let@hs Mubaich R @&ls Bdnabtrgret rln 1999,

di sease di E‘&J‘ S aﬁ 9502”8'%8'&? ﬂclje mdgr éje?eh%% t%?NR/IdSCL %ncm’{aﬁ%, Ivgﬂ{oﬁt)pr&t@crawe

be a step I'n fe™di‘sease nosi s. i 'se
pigmentation or genetic predisposmon is UV (Weinstock, 1998). The putatlve precursor leswns of
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35 formation. As used herein, a nucleic acid target may include
natural (i. e., AL G C, or T) or nodified bases (7-deazaguanosi ne,
inosine, etc.). In addition, the bases in nucleic acid probe nay be

j oi ned by [Wal¢-To ho hOdI est er. bon so long as it
does not |S§%desraf er e%%&ﬁﬁﬁ}rthmgglly 2’518 ?ngfr?ligt oseﬁé’teshuﬁléﬂsdmaﬁﬂ tpessigetvark
may be pepVi & Riselr Mﬁ@lladﬁhﬂlﬁtqm ki shbwt rrbstmcinsltffeteuantbda\a&esmar Bcidence of

j oi ned by rﬁﬁﬁﬁdn@ﬁ’al PANC&nt3¢ BEfinlARR ﬁggmp&gku%segg lsed f:orgiﬁ &S n The vast maigity

Preferably Be nucleic acid targets are derive rom
fluid ext PA8E amage isfoid on gpngigntpun-exnesed siteh G rishanen of at. eaﬂg@ts are single-

or doubl e- st r awgeds HNAverdIwa®the BNA Byt
human ti ssue. of _fl ub%ﬁg;” “ftas C5Ast°§§§“€ hg?g?ﬁo“ﬁ%%y%ﬁ&ﬂe nd%& f"ltﬂDNA
most conspietRsUETEY T‘Iaea lr?gg)hém@{i]éaﬁsfd{l?lﬁcu@émprkercmt@;@g S@zﬂY th@fre ation

t he chr onbksioral chBNAlogical aging apﬁSpHdﬁ)Ql@mQQf E.lnﬂm SHBVA( Nﬁlgtﬁér qﬁ%tfaﬁlegbéﬁ lﬁi{):%R)
Val ue) neang the pencent O{h S]'F negative tests th
have t he g&sease OF° Y SO REPL 18 5 aﬁ'é‘isﬁ@ &iog ‘bf tf“b‘?gﬂlbé’ dﬁ@@éé‘seﬁd fbﬁ?e mtDNA in
reliabil i tgjatiof tcesum@gza‘sure/mdtoemhowmudgk of Mit@n €ah.Cuhead ¥ \lvé%r?a sig%xf‘z‘EPVmchsfeH&?the
negat ige 1 e a 0

g %e) II{C déﬁc'&lé? h%ﬂq vtafg quse lzp @9 I“ ')7%)&-21%6@(}151{51?1\(11% 11b§%1£])c8%{2|7¢ By7/1007)

"occasional Iy sun expose neans
sonet i nes Ceﬁlﬁﬁéeﬂﬂh ﬁma}PTOﬁCﬁdd vitdUuall% B&0)efFaimb exactd egerekiongoon Dlélenons or
i ndi Vi duahutatibns BBRONE LG Bes
used herein, PPV (Positi gee P&%eggﬁrﬁ\ﬁ/ & {))%?&er%?g“mulﬁw? H@‘ﬁ%??’@rﬁ“%?xmsum
patients with PEEFIOHe asudy “ﬁ*@sﬁﬁqUThh‘ﬁngBtOh@pmasleas@wog momdmllaaa’bodms

tested f Okgairkst thAmis@siaRs, sroRdddie@Blilidnty Lk alesy
15The al cuiﬁ%l on i s PPV= 3 Trueip03|l |nvegop§he?[Iepugé érfllégfnducedg%%gle me%Lﬁnﬁed

As usé (Ray sigh, 1'Pg@t means prostate-specific antigen test; an
antigen f OunCRelciht blogo oA inBYord Gestdh Gald MR Rid Q%E%hteﬁ’sﬁontﬁﬁn (LX-PCR)

pr ost at e. nt nmutation neans
single nu Cf goea?qﬂlr%l\ﬁé cntfl)'e mitochondrial BRIO[5E diY oK &9 ﬁetemw| %lﬁﬁ‘rhphl deletion

means s eqwemum qfamDHmsmndaay a Wopsbsatci (Y @bl 3o g @CR%QalmsQ}‘VJ\k split skin
nmeans

genores. cursor . | esigns"

mut at i on, g les, Wr%ﬁﬁ} %?podﬁgn : rlf’esre %%?tgdriﬁ’i’afh& éfP‘?eHémEJSFE’Fﬁ ivat peafogafég@ relation to

assoc?%lt i ¥R, exposure. Thag wsed Sﬂgmﬁ&lnﬂmcre&eeﬁllti&pmﬁxﬂﬂ bOddetidhsS Qa8 anréa&ngaUV
" predi spogixb t Vv are at hig

risk for d"évéé’%g“ﬁ% %K%hﬁigigglgggﬁ%?’% §ie8r %Ié(ﬂgin lrgerg ‘fﬂgw HﬁéﬁpldF‘FT%%(arF apt

early ons®f 02"3561i bmey desdmsulenringéaswrid emDNAadeldthes ameaaa@&dluydhé/ IEPCR

due to t h&kﬂfq@@eﬂ%%gé &Qéﬁﬁ'%ﬁd%ﬁ@&'ﬁe?% ﬁ%lr?%}ﬁ%htst e ub 3%%%@%%%5’ WL

t he di sease or disor pre
i ndi cat i dRgatgRal;lpd %fePFQN%ﬁSSe?IBTEﬂ\WIthéi%thROMQ Lowphrtd ltraylebiatedi‘bntd’f&mgle

t hr estﬁol CHe&horb&ﬁlﬂQ‘lcﬂﬁpdﬂﬁQpi’@@ tth@smd@%hé’b%etgathgr{geﬂ’(fk is aogeﬁsﬁﬁleetgcthmgue agg may

region", ‘'p i ned region’ uni que position'
| ocal i zed"& 8r§ pf)oﬁ g e 'EW‘%‘QWF&%‘P@“ nQfyantigtive, dnden pivdal mtDNBalamage
used for it H@I‘l dépasdits hyfonaoﬂh@h%mf@rﬂkcﬂbﬁﬂa@o%&l&ﬂ? SHoWi (BE n‘l’tﬁltlg id @Qgrﬁiﬂ:ant

her ein i t. or..sinp
"1 egi on. qar%‘ﬂ:()féir\}eg{é gncgt %e{aéet ) W’th 5 @ %ﬁ?‘g@bi‘ﬂ/%ﬂ‘? é‘ﬁ?as% H%p‘@eﬂ gecgnily
circul ar feWWMfM%hlnelqﬁDptl cal wedge shaped, etc. In some
embodjghent s, er..t han about
0 ghPpi ﬁggtﬁﬁh el 'hQF?rfd%klﬁ % L the xgglog/col—vggzgnt Pﬁﬁwswsglvwd

pr ef er abl Iess nor e
and in sSHERHIL 6ﬁ“FFé oS be&aewstmatichsrlne@e mvenmmmave centred on A® aseidtion of

herein, tvagant pffetﬂaeﬂfé!% Rftina1 MM i l;)%g\ ero
MUt at | onz s L é no ' mI { : gﬁggggfhecrf%?g% s:LﬂﬁJ éﬂ‘ﬁ?ﬁwl tls a Cppopu 1ons
addi ti on ?‘P\j“ TR 1§ Seé@ﬂéfét o 198 nklanagnrapl. ARQONHediy etzal swﬁw@razmwenoo

the nut atfedagaiNAt iab, P00RE @dMting to skin canchS s&é%%h%r eHBwech ap&l ystu%%@ ‘have 1ot

exposgd in that is rarely or hardly ever expose
i ndi \Sf?dugﬁdmsﬁegrp"g lj“e"“’1 Eﬁé‘ﬂ%%'fl R FRIENGR AN isepiraPy vith pm;zyu arm@num;es

buttocksalahkdhhleedlourThl s may al so be called 'sun-protected skin.
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Det ecti on of sun exposure 20In one enbodi nent of the invention, a
system for early detection of mtochondrial DNA nutations and

rearr angement @ge $fothe enestipisewlde! edmiagm dargeds umnsvesad by ofe went exfiasoll ADINA
provi ded. IRERA fdufal! 06RidaRH G b 41,90, LG
3895 bp del et on g|‘1dent ggﬁn e§<§l§° dcﬁﬁéﬁ?g‘g%&t §§§$acgen°main relaflonship
nut at i ons© &g tpears: Aak d%ﬁtéflpéﬁal’aﬁu%ﬁ@@n tarietwer Aceeseisspelimiedre siudinef 4 single

m DNA ser )dﬁmﬁtsmr}ﬁl'niaﬁ-gkﬁ 1t Qnd¥R Ketsndef iSHP 1%&9&”5@&3 %@H’n@g %ﬁf\ﬁ Metion
Ski n Cancer preferred enbodi nent of the invention, a system

for early ‘?W%F@ﬁ%v§fa§m8‘P“rﬁ{‘ﬁF\§ﬂ@"ét§§§@)é§ PTAlGKIN FRang Forral 99K rusaveHcthy inventors'

(NVBC) an&vﬂ@}eﬁﬁﬂﬁ@ &d EhoG/8NE Ghoreaddi0ndnfd8l 6 RIREA4SIHonk 88 t@ARirs compared to
i ndi cative of gjgl lrpﬁéﬁyugour devel opnent is provided. The particular
c

changes, SUEHS HrefsMachet @ iofrrs hiygshoyggiat fis hgiceniei o MO Aionss g
i n exanpl esil ds3dupindtidd, inASSHOCHA Bbted¥ihl AV GPSsuredB VL, di BC | HONBEhMacBS ot

£ o colC BRG] 200 SR 10 e LR BB L b P e

skin G@ancéﬂﬂilﬁsp“pacttai APZ Krislmaassbcitatled with chroni c life ong sun

ex pOS ure. nre r.e

bur ni ng epi so %Elﬁrﬁao?ﬁ!ﬁ% ﬁu{sa%%%la?nﬁﬁtgn&fnﬁoruf ACEST Y hoéheé ﬁ’{* rqé‘esﬁ‘f’ﬁ\ﬁmag SRR
in human NYBTemddy itesecprtetidies ofmtDES) io hgndngumketsitiabae dt al. TI90% FiitsBNA 2000).
changes afgeSh@bld &Qﬁ%aﬁ?mﬁ‘t@tuﬁl@r Ityls BloP E%r gﬁ&he?ftthg A ‘&lu% %ngre truly
and its precursor 35l esions. Denaturing L used

assess | obpmoglpenis, ssfverrbedeshl fﬁs}ﬁvroalasmm@axseqwﬁmﬂ@rﬁt dmemeeuaessttons Fhivel
approach @aBalsa, 1@99%% an.i sy, g, & it ébob)h?ecgr%}sﬁhﬁm orfdf m&a&%um et

changes In ot unan tunpurs, ag n03| s of prostate cancer

anot her eﬂb'c?&%rfh%‘f’m%ﬂrm% amtPRedstetions a“‘ath§‘§/§’ﬂeéﬁ1pf"61imahbla@ﬁé5§’ﬁ @r&WSC was not
prost ate ﬁ@d‘&ﬁ@tedl RefpuQNdrdRbe looRed g helcBhAbLEIAGE WiLHzAdt Pie st SHIRINDO or so
defects n%f?e predi spose an i Sdl Vi durg to t‘aifﬂ g pearance of certain

clini cal §8?S s Sl IeLEators fave e fochsedeon iGRntibrAtiPy o R agnerreiherfhan their
ni ddl e ageaaiftatind@ris mportan b Bsepy RELHiEIR th LIBATATVE Rlannek Qidtnldﬂﬁndéro@%]@'foﬁ*s

cancet, scfeeni pl t h mto none se

from E)Or 0st51 5‘2 %qg}éestgm% eﬂa fTHﬂﬁ‘ggﬂaéﬁ%%‘g@?prg ch‘%%ﬁﬁf’"sﬁ%\e?@ uncitbn,
t ransfor nbdddlmrmd&kalnome d)ﬁﬂchECO chanctdpee.det er mi ned t hrough
anplification : S e Tmssagg e%ll n fade
current di agno%{h ?Ctggéh cgg}eggeguciﬁéh rr(%g %Fiﬂer e(%:t(a%[ PUBS S hn‘%’l ohﬁl 29
PSA. Recetlagienfeiiss et al. (2000) identi f| ed nutated ntDNA in urine
sanpl es of pat@mﬂt%lé%t;sﬁ Shageer @G Eal F\%ug{ e eLél qltﬂ%h IAQ*O?Jmﬁt,%aere

massage fluid provide a non-invasive tection

prost &t e i AAE rff’r aDF%’fWé?ﬁé‘fﬂ of YYrdngluesst Dé"rf’o@ms@ewltzmeddspeaﬁ atpiadigidag) tOSMEC.
as wel |l aﬂqeﬂ:' f faeb @ntde@tidrng s hSEANBRSN @%5&%@%0\{%3‘11&3&&)\&'9@8’“&&;19 d@t@it!oﬁ l]ltfl 18
patients 4n contrast to prostate cancer as a whole. For exanple

3.4 kb deT#PPERVAHAY i ed 15in the applicant's teachings, can be
used as an indication of prostate cancer. Early detection and

noni t or i Ngyogthte§lmosrat e cancer progressi on The system and

met hod of the e o _det

part i cul ar or Okgc%sgz?ee&%%éﬁ g% E%égQ&ﬂﬂ%%g%%edu ?0?9 tlSII’IOLII'%h bec*sg ?ge anlglgmates in nhe
hi st oblgi reestategpibnlial (Hydang st alF@|99)e>batﬁ9I7€1€drim@ reilin dvmeaingh met Wadscokndd e
present I;Jilé(s%‘a?é épgﬁﬁmlgaﬁ(#s% dnd Breééﬁéee&twh% &u Sh el OSBLE 1999).

tissue. system can ge used det ect&t%ﬂ%l%enem S
pr ogr essi Iﬁ‘ﬁ?eﬁf‘h‘b’r"%it%a@ cxeigher nqmbsfaqu@n @feW‘?ﬂ:tPW| Ijgjalisiintital reett) tekam ER).

hyper - nutatiheodameé %h@mlerﬁﬂlﬁ}n meaGdd a [ﬁ)ﬁw\l&ﬁlw@l IQ@OQM&&&JWIEQQHQPWI%@J of
DNA from huga‘g?gagsﬁ tate tissue, or fluid associated wth the &éostate

(for exaril" faeT R PRSI FNGST B th Unjlerl Rizges icaarmeed #eldP 00 fandis pia!
presessce 1©H9)NeOn!igtiedecoal GhosCi@eidAN @ignbdel @ina! shdt Redn@libAW Q@ﬁk@ %E‘ cancer
transformat] g ﬁmﬂgnose %gnanc or confirmeconti nued E
status. JETHREY B O BRI 39U BT 18 S g %Wndagnosed cancers
in Canadian men (28%) (National Cancer Institute of Canada). It is estimated that 30% to 40% of all
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Any known neans to sequence the nitochondrial genome nmay be used.
Preferably, mDNA is anplified by PCR prior to sequencing. PCR
products %ﬁ Iavep ﬁleﬁgq%'q&ﬁzergnedqti%%iw Hmf Eangérﬁg %gasﬂa{atcgﬂs yé{ %1915/ Qé%WiSﬁ/pof‘ t§eée

t hen pl ac Into act'eri al ‘hos g@inm ng, met hods
are founchep favesa Bhiniaflipyignificant forgy of IH?F&P“’SFﬁ“t’% (Smmwet 1§87 Comagiy ipRASH
sequenci Q.ngbs)f) H@Et‘ c%%ta/?i%zpﬁﬁn'} a@msﬁtegﬁﬂce@xﬁlﬁﬁd’ @mﬂ@ﬁfﬁ'&kﬁof hNttﬁdgﬁiaﬁbeﬂﬁ/iodS
Res. 19:4121-4126 and Lucke A, et al, 1993, Hig eed N
sequenci fyolye e ‘FW@F‘?‘Sg@éIﬂ eé??é’é‘tuﬁ JHHED &S %’Cmﬁé‘f‘ﬁ@ﬂfss‘%ﬁ ﬁfo‘ilet &EPgaPnY
154- 122, ndiaRnfarbiiies el BiktolfCIRd a8ktis @EHIRINGdnNEK odfshit DNA%B Higsat icbeld
in Hopgood, R, et al, 1992, Strategies for automated sequenci ng of
human nt Ib?\% di rect |y from PCR products, Biotechniques 13:82-92 and
Tanaka, M et Fheah, ras’k99t6ndpéqut Wmhﬂdaﬂeﬁu&ﬁmmgro&htemdﬁbm alde tnbto densidered
Enzynol . 264: 407-421 De on

pr ef er abPERIRS R g e F'6Rg r%%t téﬁhsel %ﬁ&gﬁi ﬁ?@ JP%I%?IY‘[ ot Ani'q ﬁ%t igherited.
using t hé"hE)quramicdumn@arﬁg mtplféft of mtwstte@rﬁ?\f(aBbéhﬁaﬂngé?97&/aﬁﬁh@iamrefer5 toa
Usi ng th Y@'a&c@ﬁ’?@fll)
K51 NGt DSyl R L& R, gr;{gl%hoarﬂme%ga&aﬁhmﬁ& P@é&,gpgér}ggg%eaig@ 2 (Efr
oppor t unlapryommatqlsﬁ&’qo@fdlﬁ@of@@ £BeR 4\m051t1‘f?efaw%hlét°§fp‘§'dﬁtf?slﬁ‘i€i chfmhzs disease
del eti ong, ASORRIBE C&lre@isﬁo@lﬁg %Qﬁ(sﬂﬁlﬁf@n Rfpofan® kM nEprek@di& tdned- deveiopment ahd

sem -quantitative P brinski et al_1991) can %
used to emeErestie Rersnihi GRGFRIPEHY &fet RE HIODRIAYTZ Hdh &t hagh e tdppdified as

t ot al Mt BA@sposing men to prostat!: Barn@&l Oprb iRy groRbtiRemn ikl Bk eﬂzﬁ]dgypj’f(}nbﬂeﬂigry cancer
technologg | abe F i sot opes or any other 20technique as is

standard W@‘h@ahﬂ?%nﬁwtﬁé Ig¥dd for deietion detection as well.
Quantitative PERaathchréimeds hsinlgdamthdsf on thdremeurntapt aalf gradeat ﬁlmomf i @niy

del etion target usin hat bridges. t
j unct : on.loé‘égaﬁ%ﬁ% f’%&? o‘:FF3 h‘éfué‘f ﬁilk 3%57 ecgt %Jérd;\éﬁeyec{)on e reheggnu%g&a?
\c/iVi ][ ht t ge rx;ggmtahﬁrm@f P teehrtg)aghlstbpamw%gtc@?a%émaepmfrrzostdge bppn@dmug:) rBl@foy
elete Mass PusEd 1 & 22,135 AUONEL NG . Adethitye. Unforunit®, so
3 TREY° be & the

known ned eSh ucts. 'Prefera
entirae Dl‘sukl}smqtuemme lmsosshiarttatdtm daihg hsetal ﬁxad‘eo>?§A§€E¢ﬂﬂ@ﬁ€ﬁ H@C@Shhh@ @QBP

Bi g Dye Teym, pal g Jmléjeo% q %@ &:@gorﬁl SElhBRa®h, PR OMAT b@RM: Northwester

prinmers each strands. Sequencing occurs on one,
several , Qutarig @emmm Gratrporh @ﬁW%W°®l%$ poichsreufe Hliagos dor3ours pf Fomgpn

3700. Se%é?oncfgwggacfe%@a&upmAaJngly;iQa%wm SR %nk@het al. 1995); however,

manuf act urer’s reconmendat ti'onal anal ysis of
nm t ochondi#s éqchxg@ﬁdﬁ%asggq Hﬁoﬁ‘@ﬁ’éﬁlu?}??ﬁjs ﬁ}}ab ﬁrep@'l)f BPIEERE dn ﬂqtea’l LAtages of cancer
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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 comercially available nmaterial based upon the econom cs of

cost and amak), elbeclnhet ostétb@an%p%t ey @.&pkﬂe&aﬁmm bEc%?déb b2 RS 8 Qflaghdie tool
final product, and emands ofp ﬁ overal | manufacturing, Erocess

30 SITNQE eS8 P dff@?%ﬂ ienfjfy aft?sl@aefff%ﬂd i ‘P*ﬁ’é’ﬁ’%é’ﬁ‘f”c‘éﬁ alk 37e0CiAtTE mle@r gemes
aci d nenbersudfcadehe |nvent| on to the substrate (a process referred as
spotting). For exa gs%nucl eotides are gttached us

techni ques of, fGF" x% G PropAF CaTE e B3 ‘Wh’?’%lﬁg‘faé markers that can
i ncor por at dficthelyedarrinine raafl efieingeshf Bmotrepofreanign. rreMbredsarcxharpm ynmrbe able fo

g‘: ;[ ﬁ‘frrnrgn%%mcﬁ‘hgrgf %we\{l:g lt}}{)!se &R e(ljst gfl prt]c%ta% f]r%e(o:%%srl.'n;}g lWhH}EI': i throc e L raPldféI/ to metastatic
each conpodicaicand \mobd while liglg fohdngd eﬁrbsuttmgrm tumockedeﬁldoprrmﬂeqﬁabmson of molecular
hybri di zat 0 eSvedyr

Che! ey AR BRSOk 8L, DOLNGLRLEAL OB ELGARER. LY 0
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Control_ po be spotted.o e array and used a

Car get o oL et AL g P i B PP e e e e e g ey have
nucl eot i desi bamsmmd the relong masipeedfi rfit DY Abin mahieng ] bmascff‘bss diytld Frdsszedtiond sthidies
a pol ynucl egt,i t r i
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20Tar get plseRAlALiBRisease can both R idedlr@@t s for the microarrays, are
derived fromhuman fluid or tissue sanples. It may be desirable to
anplify the target nucleic acid sanple prior to hybridization. One of
skill in thd&rt will appreci ate that whatever anplification nethod

is used, if a quaniddnsibt Uﬂarfa&:ﬁluhlﬂatioﬁ ode}ahgeedulthameeaoﬂuatthdaﬁolbakaeland a:llular
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anpl i f ixatdlenagde Inel dttekpotarexplan tﬁt@geg ofocskii mltochqmdnfh@cmas uF@ider subjects are
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reaction. EBe ihiied (IR ichbNmed e d¥Bhat ReMdrfdnidde B Qb sfpg%&f firgr § Qlear
the internal standard for quantification of the anplifie

pol ynuc! eotPa& e i heumpEtts ot %ﬂﬂff‘o%enefa%ﬁwttbatavweﬁbc@ﬂﬁ? gelpeyaeyn
30 in RCR Rpktiogahsl o Bdi, g2t o Met hods and Applications, Innis et

al ., Academic Press, Inc. NY., (1990). O her suitable arrpl i fication
met hods i nclude,. but are not limted to pol ynerase chain reaction

(PCR) (Innis, et al., PCR Protocols. A guide to Methods and
Application. Academ c Press, Inc. San Diego, (1990)), ligase chain
reaction (LCR) (see Wi and Wal | ace, Genomics, 4: 560 (1989),

Landegren, et al., Science, 241: 1077 (1988) and Barringer, et al.,
Gene, 89: 117 (1990), transcription 35anplification (Kwoh, et al.,
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i s possible from anong the surroundi ng heterogeneous cells.

Total DNA extraction fromeach of these cells was purified according
to a nodi ff,gagion of the protocol outlined by Arcturus Engineering

| nc. was. extracted fromcells with a 50ul volunme of 1 ng/m
proteinase K R@¢onsin 10nmM Iris pH 8eRrenGesinM EDTA pH8.0, and 0. 1%
Tween 20,—at si2gdbppC overnj ght. Fol | owi ng i ncubation averni ght at 42C
the tubes’®iere renpved {Fonemiseandrcutoat,il®M; oven. The sanpl es were

m crocertrifuged for 5 mikgbeatab40%; Ejppngn2€0, ¥9¢) . The |{CapSur eTM was
renoved |{from t he tube an§ods! dehiingkictt alTh¥ 1t Vet lad9%incybat ed at 95C
for 10 nminutes (PK is inaetlichss &P Zhet et hlerd9%o0l ed to [room

t enperatiyng 5- 500 OF ThesAMILE a1 U56g. (or  PCR—anphi fication.

15Fol | oW ng puri ficati onpakdc ¥il qeta sanpl es are anplil|fied, by LX-PCR
using the appropriate pfiged sdfds gypervariable region 1 (HV1),
hypervarizgto e region 2 (kMZ)anRRell (R entiTe t2STegron. These PCR

pr oduct 5Wllp1re using high throughput nethods as is well
known in%%e art. Hyigh a0d Wi l9®) y, full | ength nilt ochondri al
genones |may be anplifi efdYtrsitAly 1#%e primers in Table 5] Specific

capt ure aggy anpl i Ticatl ppnaf e VA o9ET T ved frommat-rgrant tunour cells

of any (;gﬁss_g.n.__gg_g_adg cells froman adjacent benigmn gland and
cel I's fi8iPa "distant" pewrgeablildhH nay be anplified. [Cther prostate
tissues |wbdsch coul d and| 28 &3P igbd ed T nctudes—prostatic

i a (Pl

i nt raepiwc (RPLN) __benign prostatjc hyperplasia (BPH),
hyper pl & of various (4pe&etakiP¥m and cells with undeterni ned
changes| 7831 s work was |0aQg; Q@i Aoest ate (i ssues {1 om-81 i ndi vi dual s
el ecti n.g_é_?_ha,\;g_& prostatectany because of a prostate cancer
di agnos &%1Three tissue {yped alwdP® captured: malignant, 25 adjacent
beni gn apeh4di stant Dent |Gfahd QA1 §3&1 1 dT vi dual——Btood; f rom each
pati ent sitive, non-dj seased tissue control.
Anpl i fi :éfsﬁon and sequgn%ha?ﬁgeté‘h 1P¥ese sanples resulted in the novel
mut ati ons seen 1 n Tabl'e 4. The nutations of —Tabte4 e al so provided
in SEQ I D No: Ok@n Wkt eddichls St Sorhihl &y SIRSE o Wi ; STe 208§
109 whi clb 1I t| st sh.t he del eti ons, an,(}j, SE%tI%%&?%O?%g%F’(%rligg |l%ﬁauf€i %fﬁ}sus
the i nserf FBRs ™ BoP§REFIRITEME Ty thags- SE5i8RE Peeiurs dmensheice a demensaimidn
by 30 coapacmisDNA @ibRe) R&Mﬂi@@,dhﬁﬁﬂ&%&aﬂﬂg@, QIR SOE 2 PEANERGS, Q%ﬁr%@&ic
as e

however the historical nuréberj n een nuai ntai ned such that

del et "on "t pdSt 1S S PoBY Yailie ARYEE: £empArgiiNp Ml Hine, gydies are needed to
pol ynor pHissTmizE0 Aetres: keen ass@taddn@ttatioRalSeasie tan® fhosh nSitaasanlifouP Lo LEhY
codi ng rggggﬁﬁg' was then subjected to principal conponent analysis,
as is standard i

inthe art, with the following results as shown in
Tabl e la: Taldl ecanhyeaR| pwdictti of tchmonic egehgtiva diisaenbavh @BingRowRkd S0 Hom

Unl cnown 38613 Q%4 9 9 - 00%.16.,13% 35.48% 9. 68% 29. 03%
16. 13% 12, 9% 1‘%%%?%3}?‘?1 ?%g%ﬁegﬁl&@&z%?s’%%/%i‘ﬁ%}f@ O OSHes Fegsg 1o b
0.0098  closely linggd to gINAsmyalipnh §Byras d 992)c | Butherpattet 6rims dkermshognandt these

transf or mpbhaties aNNTER bssbdiA&UAH L 0REhonA RSP H BARRS of b SUE.di
high cl usteri neie (1.00 and o, 9%‘7‘@1“%?2?%2%?iéﬁ?,hg%diﬁlaﬁ%%w

i eguenci e
and 15 di's gﬁ?qgée{)ﬁ gﬁ‘f’ ?%%4?&8‘?“ BR et begp rvafs 2 btsrenlasnyic lgveld, &t rioesi toakes
and pat hol wgihad abing peargms aighiovorsitest vsithQthe mtmsm;meb@rbfw&idg (BN Tan J0¥8).
of the S?HP'.'S%MJ{'tﬂmg%hoa%tigérga%e ! h@ %I%gtto%n pen i and .adj dcent joeni gn
intercepts. Moreover, the Sang data APPSR - ByPasife Y ae: Rdhendia
as i 33 st &neant denlinee reapitatoryinbtion iliiduel dt ek 9g) fe@Btitelis cRRtEN@WRAiNin old
Tabl e | byyeT : \: 1t _beni gn_ adj.acent beni Mal i gnant
100. 00% %;eog% & gg}? RTAs ‘h%’é%%“ B BT D B S EEsI S D5¥opPDIGOY for
0. 00% 774wy ingrvontinn (s GOt N0 Wagnosis 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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96. 78% 30This table shows that, in the presence of tunour, all
prostate tissue is considered malignant at the nol ecul ar | evel, even

t hough anat om cal appearance of the tissue be "normal." Table

| e: MUTATI ONCREGRONEST -to jipsgin aqppate gk theaage s of defgfign anforgeiatgn rate must be

adj acent  bepiGiRed ®héi@NA M irbuting R pdABnsl0 88Bgng 308&M as opp&Bid a%%lél’@i@éase at

4917, 7407 2. 208 208AB_- 208M_- 4917 4722 9174, ng
5985, 7028he peppipgion fevel i xihs ThisgpismpAigis imperativgeig gn pndersianging of poRpEDNA
377TM.- - dhfmdf acchBd lver 8284, MoR6®H, the consequences of these particular mutations, their

5 frequencies, and associations in the temporal aspects of aging must be known i order to forecast and
eventually slow aging at the molecular level. Researchers have not yet determined this rate, which
requires evaluation of population data through maternal lines. Accordingly, there is a need for a
biomarker which tracks the aging process.

Accordingly, there is a need for a simple, straightforward system of monitoring the

10 mitochondrial genome for mutations which indicate early stage cancer, aging or other human diseases
with a DNA component, There is also a need for a simple diagnostic system for sun exposure, non-
melanoma skin cancer, prostate cancer, lung cancer and aging linked to defects in the mitochondrial
genome. There is a need for a diagnostic system which differentiates between mutations in mtDNA

which cause disease, and those which simply represent variation within and between populations.

15  Summary of the Invention
Aspects of the present invention are listed in the claims.

For example, an of the invention is to provide a method for detecting a predisposition to
cancer, early detection of cancer, genesis of cancer, presence of cancer, progression of cancer,
absence of cancer, or sun exposure in a biological sample having mtDNA, comprising (a) providing a

20  biological sample comprising mtDNA and (b) detecting a deletion in the mtDNA.

Another aspect of the invention is to provide an array comprising a plurality of nucleic acid
members, and a solid substrate, wherein each of the nucleic acid members is associated with at least
one deletion associated with preéisposition to cancer, early detection of cancer, genesis of cancer,
presence of cancer, progression of cancer, absence of cancer, sun exposure or aging, and is chosen

25  from mitochondrial DNA, RNA transcribed from mitochondrial DNA, and ¢cDNA, wherein each
nucleic acid member has 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 {o cancer,
early detection of cancer, genesis of cancer, presence of cancer, progression of cancer, absence of

30 cancer or sun exposure comprising at least one member selected from the group consisting of: solid
support, the array describe above, means for holding 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

11



6912 7028, 7407, 15452, 15607 5. 378DB 378AB - 378M. -

6776, 4703 15 043 6. 380DB 380AB - 380M. - - 3469, 4917, 15218
3507, 4951, 15218, 5440, =~ 6059 7. 382DB 382AB - 382M. - -6307,
4716, 614%PIuenerysociaglyyith agplisposition tpranas pply dptpctipn of qugadsgenchis phgancer,
15523 presence of cancer, progression of cancer, absence of cancer, sun exposure or aging.

Another aspect of the invention is to provide a method of detecting a deletion spanning
approximately nucleotides 10744 to 14124 of the mtDNA genome, wherein said deletion is associated
5 with prostate cancer, in a subject having mtDNA, comprising (a) providing a biological sample from
the subject and (b) detecting the presence of the deletion in the mtDNA. The deletion may be in the
range of 3000 to 4000 bp. The deletion may be approximately 3379 bp. The deletion may deletes all
or part of base pairs between 10744 and 14124, comprising substantially genes encoding NADH
dehydrogenase subunit 4L, NADH dehydrogenase subunit 4, NADH dehydrogenase subunit 5, tRNA

10  histidine, tRNAserine2, and tRNA leucine2.

Another aspect of the invention is to provide a nucleic acid primer 3.4 forward comprising
TAG ACT ACG TAC ATA CTA ACC CTA CTC CTA ( SEQ ID NO: 139) and a nucleic acid primer
3.4 reverse comprising GAG GTA GGA TTG GTG CTG T (SEQ ID NO: 140).

Another aspect of the invention is to provide an array comprising a plurality of nucleic acid

15  members, and a salid substrate, wherein one of the nucleic acid members is associated with the
mtDNA deletion at approximately 10744 to 14124, wherein the nucleic acid member has 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 skin cancer comprising at
least one member selected from the group consisting of: a disposable chip, the array of claim 31,

20 means for holding the disposable chip, means for extraction of mtDNA, primers, reagents and

instructions

Another aspect of the invention is to provide a method of monitoring a person for the
progression toward prostate cancer or progression of prostate cancer, in a biological sample from a
subject, comprising: providing a biological sample from the subject; extracting DNA from the

25 biological sample; detecting the absence or presence of deletions of the mtDNA; determining whether
the deletions are associated with normal interpopulation or infrapopulation variations, or whether the
delettions are associated with the absence or presence of a predisposition to prostate cancer,
progression toward prostate cancer, prostate cancer or progression of prostate cancer, and; repeating
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



15527, 15323, 15607 15324 8. 384DB 384AB - 384M. - -4733, 6219,
4733, 7028 15452, 7028 15607 9. 386DB 386AB - 386M. - 15677
15244, 15301, 15452, 15607, 15670 10. 416DB 416AB 416M
- - 4561, 4864 15326, 15525 di stant benign

and detecting the absence or presence of a mtDNA deletion of approximately 3379 bp in the normal
tissue.

Another aspect of the invention is to provide a method for three-dimensional prostate tumour
mapping, comprising: obtaining sextant needle biopsy samples; and detecting the absence or presence

5 of amDNA deletion of approximately 3379 bp in each of the sextant samples.

Another aspect of the invention is to provide a method for the collection of a patient sample
for use in diagnosing prostate cancer sun exposure by using a deletion spanning approximately
nucleotides 10744 to 14124 of the mtDNA. genome, comprising: providing a biological sample from
the subject.

10 Another aspect of the invention is to provide a mitochondrial deletion spanning
approximately nucleotides 10744 to 14124 of the mtDNA genome for use in diagnosing prostate
cancer.

Another aspect of the invention is to provide a method for detecting sun exposure or non-
melanoma skin cancer.

15 Another aspect of the invention is to provide a method of detecting a deletion spanning
approximately nucleotides 547 to 4443 in the minor arc of the mtDNA genome, wherein said deletion
is associated with skin cancer and/or sun exposure, in a subject having mtDNA, comprising:
providing a biological sample from the subject; and detecting the presence of the deletion in the
mtDNA. Another aspect of the invention is to provide a method for determining the cumulative UV

20 exposure, in a subject having mtDNA, comprising: providing a biological sample from the subject;
and detecting the presence of the deletion in the mtDNA. A similar method may also be used of
monitoring the long term safety of clinical UV phototherapy regimes. The deletion may be in the
range of 3500 to 4000 bp. The deletion may be approximately 3895 bp, comprising a span of mtDNA
from approximately mtTF1 binding site in the D-loop to tRNA methionine. The deletion may delete

25 all or part of base pairs between 547 to 4443 in the minor arc of the mtDNA genome, comprising
substantially a 12s rRNA gene, a 16s rRNA gene, a ND1 gene and promoters for transcription of H
and L strands.

Another aspect of the invention is to provide a nucleic acid primer 1404 comprising CTT
TTG GCG GTATGC ACT TT (SEQ ID NO: 145) and a nucleic acid primer H4676 comprising GAT

30 TATGGA 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 provide 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  miDNA 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.
13



adj acent benign malignant 11. 417DB 417AB 417M. - 4917 12. 418DB

418AB - 418M. - 7159 7028, 7407 13. 426DB 426AB 426M. -
5102, 5213 14 . 449DB 449AB 449M. . - 4646, 4917,
gggg: 6047, Another 3rpept "f%l‘-’s‘?“’e“ﬁ%‘dﬁﬁ PREEABKL %Eétﬁ‘&ﬂi’smg skin qageps gomprising a

disposable chip, the array described above, means for holding the disposable chip, and means for
extraction of mtDNA.,

Another aspect of the invention is to provide a method of monitoring a person for sun

5  exposure and non-melanoma skin cancer, in a biological sample from a subject, comprising: providing
a biological sample from the subject; extracting DNA from the biological sample; detecting the
absence or presence of deletions of the mtDNA,; determining whether the deletions are associated with
normal interpopulation or intrapopulation variations, or whether the deletions are associated with sun
exposure, and; repeating the steps.

10 Another aspect of the invention is to provide a use of a deletion between approximately 547 to
4443 in the minor arc of the mtDNA genome in a subject having mtDNA to detect sun exposure or
non-melanoma skin cancer.

Another aspect of the invention is to provide a method for the collection of a patient sample
for use in diagnosing skin cancer by using a deletion spanning approximately nucleotides 547 to 4443

15 in the minor arc of the mtDNA genome, comprising: providing a biological sample from the subject.

Another aspect of the invention is to provide a mitochondrial deletion spanning
approximately nucleotides 547 to 4443 of the minor arc of the mtDNA genome for use in diagnosing
sun exposure or skin cancer,

Another aspect of the invention is to provide a use of the deletion junction sequence of SEQ

20 ID NO: 147 to confirm the presence of the 3895bp mtDNA deletion associated with sun exposure or
NMSC.

Another aspect of the invention is to provide a method for a sensitive detection of a
rearrangement in a DNA sample, wherein the rearrangement creates a newly formed junction in the
DNA sequence of a sample, comprising: providing a DNA sample comprising or suspected of

25  comprising a rearrangement; providing a primer or a probe which spans the newly formed junction
created by the rearrangement; detecting the rearrangement by amplifying or probing the junction. The

rearrangement may be in mtDNA. The rearrangement may be a 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.
14
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Figure 7 is a graph showing cycle threshold as related to Example 12.

Figure 8a) is a representative ethidium bromide stained agarose gel showing a greater frequency of the’
3895 bp deletion in usually sun exposed skin compared with occassionally sun-exposed skin.

Figure 8b) is a histogram of the frequency of the 3895 bp deletion in 104 split skin samples taken
from different sun exposed body sites.

Figure 9 is a gel showing the UV-inducible increase of the 3895 bp deletion observed after 17
repetitive doses of UVR.

Figure 10 is a schematic representation of the localisation of PCR primers and TagMan probes on
mtDNA used in Example 14 to detect the 3895 bp deletion.

Figure 11 is two graphs showing the linear relationship between template concentration and the
threshold cycle number (CT) for the 3895 bp deletion {A) and wildtype intemal standard (B).

Figure 12 is a photograph of an ethidium bromide stained agarose gel showing the incidence of the
3895 bp deletion in tumour (T) and histologically normal perilesional dermis (D) and epidermis(E)
from both BCCs and SCCs,

Figure 13 is a photograph of representative ethidium bromide agarose gels showing typical examples
of their corresponding level of 3895 deletion as detected by realtime PCR of three pairs of sun
exposed and three pairs of sun intermittent samples,

Figure 14 is a scatter plot showing the levels of the 3895 bp deletion expressed as a percentage in sun
exposed and sun intermittent dermis and epidermis as determined by realtime PCR.

Figure 15 is a diagram showing the relationship between biopsy results and mtDNA analysis in

diagnosing prostate tumour.

Brief Description of the Tables

Table 1 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.

Table Ic 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.

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 method of DHPLC.
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and complete genome mutations from malignant, adjacent and distant benign prostate glands from
patients with prostate cancer.

Table 5 is a list of primers used for complete mitochondrial genome amplification for formalin fixed
and normal tissies from blood.

Table 6 is a list of amplification primers for use with Example 12.

Table 7 1s gPCR Components of Example 12.

Table 8 shows the cycling parameters for Example 12.

Table 9 is a list of probes used in Example 14.

Detailed Description of the Invention

The method of the present invention can be used to diagnose diseases linked to mtDNA. The
method of the present invention provides for analysis of the mitochondrial genome of an individual
from a biological sample, for example by amplification of the mitochondrial genome, sequencing a
portion of the mitochondrial genome, preferably the entire mitochondrial genome of the individual
using any known means. Denaturing high performance liquid chromatography (DHPLC) may aiso be
used to rapidly screen many samples. DHPLC can focus on hotspots of mutations. DHPLC is more
sensitive than automated sequencing in terms of detecting mutations, and can even detect 2%
heteroplasmy, compared with 20-25% for ordinary sequencing. Methods for detecting lower levels of
heteroplasmy (<2%) may also be developed.

As used herein, "actinic kerotoses" means proposed precursor epidermal lesion of a squamous
cell carcinoma,

As used herein, "aging" refers to an accumulation of changes with time, both at the molecular
and cellular levels.

As used herein, "alleles” means one of several alternative forms of a given DNA sequence
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 simultaneously, adapting and learning from past
patterns.

As used herein, "attaching” or "spotting" refers to a procéss of depositing a nucleic acid onto a
solid substrate to form a nucleic acid array such that the nucleic acid is jrreversibly 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.

As used herein, “benign” means of no danger to health; not recurrent or progressive: not
malignant.

16
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inflammation, atrophy, prostatis, metaplasia, and prostatic intracpithelial neoplasia.

As used herein, "Bowen’s disease" means in situ epidermal earcinoma.

As used herein, "cycle threshold” (Cr) is the point at which target amplification rises above
background, as indicated by a signal such as a fluorescence signal.

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 disease state diagnosis.

As used herein, "disease" includes a disorder or other abnormal physical state.

As used herein, "disease associated mitochondiral genomes" means genomes containing
mutations indicative or otherwise associated with a particular disease.

As used herein, "database" means an electronic storage system (computer based using
standard industry software) which will have the capacity to store and provide retrievable information
that will enable researchers to rapidly determine the structure of the nucleotide sequences. The
database will also store descriptive information about those individuals who provide the biological
samples. This descriptive information will include health status and other pertinent indices which
may be correlated to the biological sample.

As used herein, "deletions” means removal of a region of DNA from a contiguous sequence
of nucleic acids, where once a deletion has occurred, the gap is repaired by rejoining of the ends.
Deletions can range in size from one base to thousands of bases or larger.

As used herein, "duplications" means when a specific sequence of DNA is copied and
inserted behind or forward of the original copy one or more times or elsewhere in the genome.

As used herein, "heteroplasmy” is defined by the ratio of mutations in the
mitochondrial sequences within one organ or cell. Heteroplasmic mutations are those mutations
which occur 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
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.

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

for cellular processes.
17
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combinations thereof. The modification or change of the sequence can extend from a single base
5 change to the addition or elimination of an entire DNA or RNA fragment.

As used herein, “mutation load” refers to an increase in mutations in mtDNA which may
eventually lead to compromised function of the involved gene or the entire genome or may
accumulate in non-coding regions.

As used herein, “neoplasia” means a pathological process which may result in transformation

10 to malignant status,

As used herein, “non-involved tissue” means tissue from a part of the body which is not
associated with the disease in question.

As used herein, a “non-synonymous” mutation of a polynucleotide is a mutation which results
in a different encoded amino acid.

15 As used herein, “normal tissue” means tissue with no visible manifestations of disease as
determined by histology.

As defined herein, a "nucleic acid array" refers to a plurality of unique nucleic acids attached
to one surface of a solid support at a density exceeding 20 different nucleic acids/cm’® wherein each of
the nucleic acids is attached to the surface of the solid support in a non-identical preselected region.

20 In one embodiment, the nucleic acid attached to the surface of the solid support is DNA. In a
preferred embodiment, the nucleic acid attached to the surface of the solid support is cDNA. In
another preferred embodiment, the nucleic acid attached to the surface of the solid support is cDNA
synthesized by polymerase chain reaction (PCR). Preferably, a nucleic acid array according to the
invention, comprises nucleic acids of at least 150 nucleotides in length, Preferably, a nucleic acid

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 array
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 does not interfere with hybridization. Thus,

18
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bonds rather than phosphodiester linkages. Preferably, the nucleic acid targets are derived from
human tissue or fluid extracts, More preferably, the nucleic acid targets are single- or double-stranded
DNA, RNA, or DNA-RNA hybrids synthesized from human tissue of fluid extracts.

As used herein, "nucleus" means the most conspicuous organelle in the eucaryotic cell,
contains all of the chromasomal DINA.

As used herein, NPV (Negative Predictive Value) means the percent of patients with negative
tests that do not have the disease or condition being tested for. It assesses the reliability of a negative
test result. The calculation is NPV= (True negative) / (true and false negatives).

As used herein, “occasionally sun exposed skin” means skin that is occasionally or sometimes
exposed in an individual. For example, depending on the individual, it may include shoulders, back
and chest.

As used herein, PPV (Positive Predictive Value) means the percent of patients with positive
test result having the disease or condition tested for. It assesses the reliability of a positive test result.
The calculation is PPV=(True positive) / {(True + False positives)

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 used herein, "point mutation” means the change of a single nucleotide in DNA.

As used herein, "polymorphism" means sequence variation in a population of alleles or
mtDNA genomes.

As used herein, “"precursor lesions" means a DNA mutation, or combinations thereof,
indicating potential disease association.

As used herein, "predisposed to a disease" or a "predisposition to a disease” means that
individuals are at higher risk for developing the disease or disorder or are at higher risk for early onset
of the disease or disorder than the average individual, due to the presence or absence of mutations
which are associated with the disease or disorder.

As used herein, “pre-neoplasia” means indications at the cellular or DNA level that a cell may
be on the threshold of becoming neoplastic.

As used herein, "preselected region", "predefined region", or "unique position" refers to a
localized area 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, ctc. In some embodiments, a preselected region is smaller than about 1 cm®, more preferably
less than § mm?, still more preferably less than 0.5 mm’, and in some embodiments about 0.125 to 0.5

2
mim-,
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mutations may be mstmmental%r? getermining disease and progression of disease, The system and
method of the present invention detects heteroplasmic as well as homoplasmic mutations.

The prostate gland is monitored for mutations in the mitochondrial genome through prostate
massage fluid (PMF) taken during an initial digital rectal examination (DRE) of the prostate. Cells
within the PMF are concentrated, smeared on a slide and stained with PSA immunoperoxidase for
identification of prostate epithelial cells. These prostate cells are selectively recovered through laser
capture micro-dissection. The mitochondrial DNA from these cells is analyzed and compared to
mitochondrial DNA from non-involved tissue, and/or to sequences of inter and intrapopulation
variations. For example, the DNA anatysis can comprise sequencing of the miDNA. Total DNA is
extracted from these cells and mitochondrial specific primers, designed for use with biopsy material
treated with formalin (Table 5), are used to amplify the entire mtDNA genome with overlapping
amplicons. These PCR products are then sequenced by methods well known to those in the art,
including DNA resequencing arrays. Sequencing results are screened for heteroplasmies and
mutations and compared to a database of known mtDNA mutations associated with malignant and
benign prostate tissues. Based on these comparisons a designation is returned as to the condition of
the prostate in regards to, but not limited to: benign (no mutations); pre-neoplasia or neoplasia (low
level of mutations); or malignancy (high level of mutations). In the situation of benign, pre-neoplasia
and neoplasia, the prostate can be monitored for progression through regular PMF screenings as
described.

Alternatively, biopsy material which has been diagnosed as benign, atypical, abnormal can
undergo similar testing by either laser capture micro-dissection of the biopsy, or the tissue can be
scraped off the slides, or mounted tissue sections can be used, followed by DNA extraction,
amplification, sequence analysis and database comparison,

As an alternative to sequencing, and comparison to a database, micro-array technology could
be used to identify a specific pattern of mutations, or mutation load based on any number, or
combination of the mutations listed in Table 4, through the construction of oligonucleotides, or a
specific set of oligonucleotides.

Disease progression can be monitored by comparing mtDNA mutations at successive
intervals to a database of mutations in mitochondrial genomes associated with pre-neoplasia,
neoplasia and prostate cancer, including calculation of total mutation load. Prostate biopsy tissue can
be tested for pre-neoplasia, neoplasia and/or malignant progression in cells described clinically as
benign, normal, atypical or abnormal by common histological/pathological, or other clinical methods.

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

screen for such deletions.
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Assessment of mutations associated with aging

The system and method of the present invention may be used to assess aging, based on the
increasing frequency of mutations such as the "common deletion” of 4977-bp and other mutations of
the mitochondrial genome (Liu et al. 1997). This information, in conjunction with health survey data,
allows crucial statistical discrimination between separate causes resulting in the same
mutation/deletion. Fortunately mtDNA is inherited exclusively through the ovum and is essentially
clonal in nature (Van De Graaff & Fox, 1995). This permits carefully controlled studies of
mutations/deletions within maternal lines through several generations to determine a reliable age
related deletion frequency. This information may be used to develop freatment methods which slow

the aging process.

Collection of samples

Biological samples can be collected by any known means, whether for the purpose of
constructing a mtDNA sequence database, or performing a diagnostic test on an individual. Samples
destined for database generation include, but are not limited to: tumour banks, maternal lineage
studies involving affected and unaffected individuals from the same matemal lineage, as well as
maternal lineage studies from groups or populations with high frequencies of specific disease such as,
but not limited to: skin and prostate cancer, assessment of health status and aging. For example,
FTA® Gene Cards® may be used to collect and archive biological samples. Suitable samples include
any tissue or body fluid derived from mesothelium, epithelium, or endothelivm. Such tissues and
fluids include, but are not limited to blood, sputum, buccal cells, saliva, prostate massage fluid, sweat,
bone, hair, lymph tissue, cervical smears, breast aspirate, fecal matter, gjaculate, menstrual flow, urine
and biopsy tissue. Preferably, approximately 100 pl of blood, 100 pg to 25 mg of solid tissue is
sampled. In the case of suspected skin cancer, skin cells or tissue, (from nermal, NMSC and precursor
lestons) 1s taken from skin biopsy or a routine suction blistering technigue. Where a disease is
suspected, primary care physicians, oncologists or other practitioners, may extract both normal and
suspected disease tissue from the patient. For the purpose of analyzing sun exposure, tissue may be
taken from the dermis or epidermis, or a combination of both.

For samples of tumours such as prostate or skin, replicate cross-sections (5 microns) of micro-
dissected paraffin embedded tissues are de-paraffinized prior to one slide being stained with
hematoxylin and eosin (HE), with the replicate stained with methyl green (MGQ), 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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Extraction of mtDNA

Extraction of DNA may take place using any method known in the art, followed by
amplification of all or a region of the mitochondrial genome, and may include sequencing of the
mitochondrial genome, as described in Current Protocols in Molecular Biology.

Analyzing mtDNA

The step of detecting the presence of mutations in the mtDNA can be selected from any technique as
is known to those skilled in the art. For example, analyzing mtDNA can comprise sequencing the
miDNA, amplifving mtDNA by PCR, Southern, Northern, Western South-Western blot
hybridizations, denaturing HPLC, hybridization to microarrays, biochips or gene chips, molecular
marker analysis, biosensors, melting temperature profiling or a combination of any of the above. In
addition, statistical techniques such as Inductive Rule Extraction, and Neural Networking can be used.
Sequencing of MtDNA

PCR

Polynucleotide sequences of the invention can be amplified by the polymerase chain reaction
(PCR). PCR methods are well-known to those skilled in the art. PCR requires the presence of a
nucleic acid to be amplified, two single stranded oligonucleotide primers flanking the sequence to be
amplified, a DNA polymerase, deoxyribonucleoside triphosphates, a buffer and salts. The method of
PCR is well known in the art. PCR is performed as described in Mullis and Faloona, 1987, Methods
Enzymol., 155: 335, herein incorporated by reference.

In general, PCR is performed using template DNA (at least 1fg; more usefully, 1-1000 ng)
and at least 25 pmol of oligonucleotide primers. A typical reaction mixture includes: 2ul of DNA, 25
pmol of oligonucleotide primer, 2.5 ¢ of 10X PCR buffer 1 (Perkin-Elmer, Foster City, CA), 0.4 ul of
1.25 uM dNTP, 0.15 pl (or 2.5 units) of Taq DNA polymerase (Perkin Elmer, Foster City, CA) and
deionized water to a total volume of 25 ul. Mineral oil is overlaid and the PCR is performed using a
programmable thermal cycler.

The length and temperature of each step of a PCR cycle, as well as the number of cycles, are
adjusted according to the stringency requirements in effect. Annealing temperature and timing are
determined both by the efficiency with which a primer is expected to anneal to a template and the
degree of mismatch that is to be tolerated. The ability to optimize the stringency of primer annealing
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 20-40 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

minutes at 72°C, and may be followed by an indefinite (0-24 hour) step at 4°C.
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Any known means 1o sequence the mitochondrial genome may be used. Preferably, mtDNA
is amplified by PCR prior to sequencing. PCR products can be sequenced directly or cloned into a
vector which is then placed into a bacterial host. Examples of DNA sequencing methods are found in
Brumley, R. L. Jr. and Smith, L.M., 1991, Rapid DNA sequencing by horizontal ultrathin gel
electrophoresis, Nucleic Acids Res. 19:4121-4126 and Luckey, J.A., et al, 1993, High speed DNA
sequencing by capillary gel electrophoresis, Methods Enzymol. 218: 154-172. The 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
Deletion Analysis and Detection

A preferable approach is the long extension PCR (LX-PCR) technique using the Expand Long
Template PCR system (Boehringer Mannheim). Using the LX-PCR technique, which has been
established and validated in the Birch-Machin laboratory (Ray et al. 2000), there is the opportunity to
rapidly screen for the whole spectrum of mtDNA deletions as opposed to the incidence of a single
deletion.

A semi-quantitative PCR method (Corral-Debrinski ef a/ 1991) can be used to estimate the
proportion of the mtDNA*"" deletion in the total mtDNA.

In addition, Southemn Blot and probing technology labeled with isotopes or any other
technique as is standard in the art may be used for deletion detection as well.

Quantitative PCR can be used to quantify the amount of any specific deletion target using a
primer that bridges the newly formed sequence junction. The quantity of deleted mtDNA molecules
may be compared with the quantity of wild-type mt DNA to determine the proportion of deleted
mtDNA molecules.

Sequencing of PCR products

Any known means may be used to sequence the PCR products. Preferably, the entire DNA
sequence is characterized by di-deoxy sequencing using ABI Big Dye Terminator™ technology and a
series of 72 overlapping primers each for heavy and light strands. Sequencing occurs on one, several,
or a combination of ABI platforms such as the 310, 3100, or 3700. Sequencing reactions are
performed according 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
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 tumours, the vast majority of reported mtDNA mutations are heteroplasmic {Chinnery et
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@ 1399 These heteroplasmic mtDNA changes result in the formation of heteroduplexes after PCR
arnplification of the mtDNA. Rapid screening for heteroplasmic mtDNA mutations is determined
using the relatively new technique of denaturing high performance liquid chromatography (DHPLC)
(Oefner & Underhill, 1998). This technique has recently been used to rapidly screen and identify
whole mtDNA genomes for heteroplasmic point mutations down to levels <5% (Van den Bosch et al.
2000).

The DHPLC may be performed on the WAVE™ DNA Fragment Analysis System
{Transgenomic, Omaha, USA) which provides a fully automated screening procedure. The same
technology can be used to screen for mtDNA heteroplasmic mutations. Preferably, the entire mtDNA
genome is amplified by PCR in 13 overlapping fragments using two different PCR conditions as
described by van den Bosch et al. {2000). The 1-2 kb PCR products are digested into fragments of
90-600bp and resolved at their optimal melting temperature. Mutations are represented as two peaks
and mutations with low percentages, such as <2% heteroplasmy as a ‘shoulder’ in the peak.

DNA sequencing can also take place using a microarray, as is known in the art (Chee et al. 1996).
Data Analysis

Once sequenced, normal and disease associated miDNA sequences are archived for
comparison in a database. Resequencing devices, micro-array technology, integrated microfluidic
amplification and analysis systems, high-speed, high-throughput, mutation detection, and other
methods may all be used with the methods of the present invention.

Data obtained from the sequencing of the individual mitochondrial genome is compared to
population level data. The data is obtained through obtaining samples and sequencing miDNA as
described above. Preferably, the database contains information from maternal line studies. The
population level data is maintained in a database. Any suitable database can be used.

Preferably, a multidimensional evaluation research database of clinical and biological data is
used, which provides the bio-informatics infrastructure necessary for the collection, processing and
dissemination of information amassed by the laboratories involved in this venture. The database is a
centralized 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
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
from data (SAS 2000). Moreover, intelligent algorithms and methods will be developed 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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Nucleic Acid Members and Preobes

The invention provides for nucleic acid members and probes that bind specifically to a target
nucleic acid sequence. The target nucleic acid sequence is a nueleic acid or a region of a nueleic acid
that is to be detected, as indicative of disease such as prostate cancer, non-melanoma skin cancer and
the like. The target nucleic acid sequences to be analyzed using a microarray of the invention are
preferably derived from human tissue or fluid samples. The invention provides for target nucleic acid
sequences comprising RNA or nucleic acid corresponding to RNA, (i.e., cDNA), or DNA. Nucleic
acid members are stably associated with a solid support to comprise an array according to the
invention. The nucleic acid members may be single or double stranded, and may be a PCR fragment
amplified from cDNA.

The invention also provides for polynucleotide sequences comprising a probe. As used herein,
the term "probe" refers to an oligonucleotide which forms a duplex structure with a sequence in the
target nucleic acid, due to complementarity of at least one sequence in the probe with a sequence in
the target region. The probe may be labeled, according to methods known in the art. A probe
according to the invention may be single or double stranded.

Diagnostic devices

The invention includes diagnostic devices such as biochips, gene chips or microarrays used to
diagnose specific diseases or identify specific mutations. All sequenced mitochondrial genomes are
assessed to create a consenus structure of the base pair arrangement and are assigned a prohibiting
index for proportion of base pair deletions and mutations associated with a particular disease or
disorder. The diagnostic arrangement is then used to create biochips, gene chips, or microarrays.

Once sequences associated with particular diseases, disease states or disorders are identified,
hybridization of mtDNA to an array of oligonucleotides can be used to identify particular mutations.
Any known method of hybridization may be used. Preferably, an array is used, which has
oligonucleotide probes matching the wild type or mutated region, and a control probe. Commercially
available arrays such as microarrays or gene chips are suitable. These arrays contain thousands of
matched and control pairs of probes on a slide or microchip, and are capable of sequencing the entire
genome very quickly. Review articles describing the use of microarrays in genome and DNA
sequence analysis is available at www.gene-chips.com.

Microarray

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 & patient’s response to therapy, drug screening, and the like).

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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hurrian tlssue or which contains adequate amounts of mtDNA, as prewously descrlbed
preferably prostate massage fluid, solid tumours, benign tissue, blood; or urine. The target nucleic
acid samples are contacted with polynucleotide members under hybridization conditions sufficient to
produce a hybridization pattern of complementary nucleic acid members/target complexes.
Construction of a microarray

The microarray comprises a plurality of unique polynucleotides attached to one surface of a
solid support, wherein each of the polynucleotides is attached to the surface of the solid support in a
non-identical preselected region. Each associated sample on the array comprises a polynucleotide
composition, of known identity, usually of known sequence, as described in greater detail below. Any
conceivable substraie may be empioyed in the invention,

The array is constructed using any known means. The nucleic acid members may be
produced using established techniques such as polymerase chain reaction (PCR) and reverse
transcription (RT). These methods are similar to those currently known in the art (see e.g. PCR
Strategies, Michael A. Innis (Editor), et al. (1995) and PCR: Introduction to Biotechniques Series, C.
R. Newton, A. Graham (1997)). Amplified polynucieotides are purified by methods well known in
the art (e.g., column purification). A polynucleotide is considered pure when it has been isolated so as
to be substantially free of primers and incomplete products produced during the synthesis of the
desired polynucleotide. Preferably, a purified polynucleotide will also be substantially free of
contaminants which may hinder or otherwise mask the binding activity of the molecule.

In the arrays of the invention, the polynucleotide compositions are stably associated with the
surface of a solid support, wherein the support may be a flexible or rigid solid support.

Any solid support to which a nucleic acid member may be attached may be used in the
invention. Exampies of suitable solid support materials include, but are not limited to, silicates such as
glass and silica gel, cellulose and nitrocellulose papers, nylon, polystyrene, polymethacrylate, latex,
rubber, and fluorocarbon resins such as TEFLONTM,

The solid support material may be used in a wide variety of shapes including, but not limited
to slides and beads. Slides provide several functional advantages and thus are a preferred form of solid
support. Due to their flat surface, probe and hybridization reagents are minimized using glass slides.
Slides also enable the targeted application 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
it provides the described function. Normally, those who make or use the invention will select the best
commercially available 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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techniques of, for example U.S. Pat. No. 5,807,522, which is incorporated herein by reference for
teaching methods of polymer attachment. Alternatively, spotting is carried out using contact printing
technology.

The amount of polynucleotide present in each composition will be sufficient to provide for
adequate hybridization and detection of target polynucleotide sequences during the assay in which the
array is employed. Generally, the amount of each nucleic acid member stably associated with the
solid support of the array is at least about 0.1 ng, preferably at least about 0.5 ng and more preferably
at least about 1 ng, where the amount may be as high as 1000 ng or higher, but will usually not exceed
about 20 ng. Where the nucleic acid member is "spotted” onto the solid support in a spot comprising
an overall circular dimension, the diameter of the "spot" will generally range from about 10 to 5,000
um, usuatly from about 20 to 2,000 pm and more usually from about 50 to 1000 um.

Control polynucleotides may be spotted on the array and used as target expression control
polynucleotides and mismatch control nucleotides to monitor non-specific binding or cross-
hybridization to a polynucleotide in the sample other than the target to which the probe is directed.
Mismatch probes thus indicate whether a hybridization is specific or not. For example, if the target is
present the perfectly matched probes should be consistently brighter than the mismatched probes. In
addition, if all central mismatches are present, the mismatch probes are used to detect a mutation.
Target preparation

The targets for the microarrays, are derived from human fluid or tissue samples. It may be

 desirable to amplify the target nucleic acid sample prior to hybridization. One of skill in the art will

) appreciate that whatever amplification method is used, if' a quantitative result is desired, care must be

taken to use a method that maintains or controls for the relative frequencies of the amplified
polynucleotides. Methods of "quantitative" amplification are well known to those of skill in the art.
For example, quantitative PCR involves simultaneously co-amplifying a known quantity of a control
sequence using the same primers. This provides an internal standard that may be used to calibrate the
PCR reaction. The high density array may then include probes specific to the internal standard for
quantification of the amplified polynucleotide. Detailed protocols for quantitative PCR are provided
in PCR Protocols, A Guide to Methods and Applications, Innis et al., Academic Press, Inc. N.Y.,
(1990). Other suitable amplification methods include, but are not limited to polymerase chain reaction
(PCR) (Innis, et al., PCR Protocols. A guide to Methods and Application. Academic 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
amplification (Kwol, et al., Proc. Natl. Acad. Sci. USA, 86; 1173 (1989)), and self-sustained
seciuence replication (Guatelli, et al., Proc. Nat. Acad. Sci. USA, 87: 1874 (1990)).

31



323 G GA 1766 1766 C/T-T 325 325 CGT CGCT 1811 1811 GA GCA
329 329 O-T 1842 1842 AICA 394 394 C-CT 1883 1883 ACGI
416.1 416.1 INS G A 1888 1888 GA GG A AGG419 419 A-AC

Al G A 456 456 T@e Thventp@QBo @9 For labeled target or labeled probe. Any analytically detectable

10

20

25

30

35

marker that is attached to or incorporated into a molecule may be used in the invention. An
analytically detectable marker refers to any molecule, moiety or atom which is analytically detected
and quantified. Detectable labels suitable for use in the present invention include any composition
detectable by spectroscopic, photochemical, biochemical, immunochemical, electrical, optical or
chemical means. Useful labels in the present invention include biotin for staining with labeled
streptavidin conjugate, magnetic beads (e.g., DynabeadsTM), fluorescent dyes (e.g., fluorescein, texas
red, thodamine, green fluorescent protein, and the like), radiolabels (e.g., H, "1, 358, 'C, or 2,
enzymes (e.g., horseradish peroxidase, alkaline phosphatase and others commonly used in an ELISA),
and colorimetric labels such as colloidal gold or colored glass or plastic {e.g., polystyrene,
polypropylene, latex, etc.} beads. Patents teaching the use of such labels include U.S. Pat. Nos.
3,817,837, 3,850,752; 3,939,350; 3,996,345; 4,277,437, 4,275,149; and 4,366,241.

Means of detecting such labels are well known to those of skill in the art. Thus, for example,
radiolabels may be detected using photographic film or scintillation counters, fluorescent markers
may be detected using a photodetector to detect emitted light. Enzymatic labels are typically detected
by providing the enzyme with a substrate and detecting the reaction product produced by the action of
the enzyme on the substrate, and colorimetric labels are detected by simply visualizing the colored
labet.

The labels may be incorporated by any of a number of means well known to those of skill in
the art. However, in a preferred embodiment, the label is simultaneously incorporated during the
amplification step in the preparation of the sample polynucleotides. Thus, for example, polymerase
chain reaction (PCR} with labeled primers or labeled nucleotides will provide a labeled amplification
product. In a preferred embodiment, transcription amplification, as described above, using a labeled
nucleotide {e.g. fluorescein-labeled UTP and/or CTP) incorporates a label into the transcribed
polynucleotides. Alternatively, a label may be added directly to the original polynucleotide sample
(e.g., mRNA, polyA mRNA, cDNA, etc.) or to the amplification product after the amplification is
completed. Means of attaching labels to polynucleotides are well known to those of skill in the art
and include, for example nick translation or end-labeling (e.g. with a labeled RNA) by kinasing of the
polynucleotide and subsequent attachment (ligation) of a polynucleotide linker joining the sample
polynucleotide to a label (e.g., a fluorophore).

In a preferred embodiment, the target will include one or more control molecules which
hybridize to control probes on the microarray to normalize signals generated from the microarray.
Labeled normalization targets are polynucleotide sequences that are perfectly complementary to
control oligonucleotides that are spotted onto the microarray as described above. The signals obtained
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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T-T/C 2056 2056 A C G 462 462 T-C 2068.1 2068.1 INS A
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C-Hybridi2@o8c2@dBidns A C- A 481 481 CT G CT 2259 2259 T-C
CT

%%@ljmckeotide hybridization involves providing a denatured probe or target nucleic acid
member and target polynucleotide under conditions where the probe or target nucleic acid member
and its complementary target can form stabie hybrid duplexes through complementary base pairing,
The polynucleotides that do not form hybrid duplexes are then washed away leaving the hybridized
peolynucleotides to be detected, typically through detection of an attached detectable label. It is
generally recognized that polynucleotides are denatured by increasing the temperature or decreasing
the salt concentration of the buffer containing the polynucleotides. Under low stringency conditions
(e.g., low temperature and/or high salt) hybrid duplexes (e.g., DNA:DNA, RNA:RNA, RNA:DNA,
cDNA:RNA and ¢cDNA:DNA ) will form even where the annealed sequences are not perfectly
complementary. Thus specificity of hybridization is reduced at lower stringency. Conversely, at
higher stringency (e.g., higher temperature or lower salt) successful hybridization reguires fewer
mismatches. Methods of optimizing hybridization conditions are well known to those of skill in the
art (see, e.g., Laboratory Techniques in Biochemistry and Molecular Biology, Vol. 24: Hybridization
With Polynucleotide Probes, P. Tijssen, ed. Elsevier, N.Y., (1993}).

Following hybridization, non-hybridized labeled or unlabeled polynucleotide is removed from
the support surface, conveniently by washing, thereby generating a pattern of hybridized target
polynucleotide on the substrate surface. A variety of wash solutions are known to those of skill in the
art and may be used. The resultant hybridization patterns of labeled, hybridized oligonucleotides
and/or polynucleotides may be visualized or detected in a variety of ways, with the particular manner
of detection being chosen based on the particular label of the test polynucleotide, where representative
detection means include scintillation counting, autoradiography, fluorescence measurement,
calorimetric measurement, light emission measurement and the like.

Image Acquisition and Data Analysis

Following hybridization and any washing step(s) and/or subsequent treatments, as described
above, the resultant hybridization pattern is detected. In detecting or visualizing the hybridization
pattern, the intensity or signal value of the label will be not only be detected but quantified, by which
is meant that the signal from each spot of the hybridization will be measured and compared to a unit
value corresponding to the signal emitted by a known number of end labeled target polynucleotides to
obtain a count or absolute value of the copy number of each end-labeled target that is hybridized to a
particular spot on the array in the hybridization pattern. -

Methods for analyzing the data collected from hybridization to arrays are well known in the
art. For example, where detection of hybridization involves a fluorescent label, data analysis can
include the steps of determining fluorescent intensity as a function of substrate position from the data
collected, removing outliers, 1.e,, data deviating from a predetermined statistical distribution, and
calculating the relative binding affinity 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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polynucleotides.

Following detection or visualization, the hybridization pattern is used to determine
quantitative information about the genetic profile of the labeled target polynucleotide sample that was
contacted with the array to generate the hybridization pattern, as well as the physiological source from
which the labeled target polynucleotide sample was derived. By genetic profiie is meant information
regarding the types of polynucleotides present in the sample, e.g. in terms of the types of genes to
which they are complementary, as well as the copy number of each particular polynuclectide in the
sample.

Diagnostic or Prognostic Tests

The invention provides for diagnostic tests for detecting diseases. The invention also
provides for prognostic tests for monitoring a patient’s response to therapy. According to the method
of the invention, the presence of disease or the patient's response to therapy is detected by obtaining a
fluid or tissue sample from a patient. A sample comprising nucleic acid is prepared from the fluid or
tissue sample. The nucleic acid extracted from the sample is hybridized to an array comprising a solid
substrate and a plurality of nucleic acid members, wherein each member is indicative of the presence
of disease or a predisposition fo a disease or disorder. According to this diagnostic test, hybridization
of the sample comprising nucleic acid to one or more nucleic acid members on the array is indicative
of disease, a predisposition to a disease or disorder, or in the case of a prognostic test, indicative of a
patient’s response to therapy.

Kits

Kits containing reagents and instructions to carry out the methods of the present invention are
provided. For example, the kit may comprise reagents and instructions for detecting mitochondrial
deletions, mutations, heteroplasmies, homoplasmies in tissue specific samples and tissue associated
fluids. The kits may also comprise one or more primers which hybridize to the mitochondrial genome
for making a primer extension product. Kits may also include a solid suppert such as a disposable
chip, means for holding the solid support, means for extraction of mtDNA and means for access to a
database of mtDNA sequences.

For example, a kit to detect a mtDINA deletion associated with prostate cancer may include
the forward and reverse 3.4 primers, reagents, and instructions.

Similarly, a kit to detect a mtDNA deletion associated with sun exposure or NMSC may
include L404 primer, H4676 primer, the 3895 probe, reagents and instructions.

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,

The present invention is more particularly described in the following examples which are
ntended as illustrative only since numerous modifications and variations will be apparent to those

skilled in the art.
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Example 1: Prostate Tumours

Following acquisition of prostate fluid or surgery to remove prostate tumours, biopsy slides
are prepared to identify transforming or cancerous cells. Laser Capture Microdissection (LCM)
microscopy is used to isolate cells that are either normal, benign, or malignant from the tissue section.
Procurement of diseased cells of interest, such as precancerous cells or invading groups of cancer cells
is possible from among the surrounding heterogeneous cells.

Total DNA extraction from each of these cells was purified according to a modification of the
protocol outlined by Arcturus Engineering Inc. DNA was exiracted from cells with a 50ul volume of
| mg/ml proteinase K (PK), in 10mM Tris pH 8.0, O.1lmM EDTA pH 8.0, and 0.1% Tween 20, at
42°C overnight. Following incubation overnight at 42°C the tubes were removed from the incubation
oven. The samples were microcentrifuged for 5 min at 6400 rpm(2000 x g). The CapSure™ was
removed from the tube and discarded. The tube was incubated at 95°C for 10 minutes (PK is
inactivated) and then cooled to room temperature. 5-50pul of the sample was used for PCR
amplification.

Following purification, individual samples are amplified, by LX-PCR using the appropriate
primers for hypervariable region 1 (HV1)}, hypervariable region 2 (HV2) and the entire 125 region.
These PCR products are then sequenced using high throughput methods as is well known in the art.

Alternatively, full length mitochondrial genomes may be amplified using the primers in Table
5. Specific capture and amplification of DNA derived from malignant tumour cells of any Geason
Grade, cells from an adjacent benign gland and cells from a “distant” benign gland may be amplified.
Other prostate tissues which could and are amplified includes: prostatic intraepithelial neoplasia
(PIN), benign prostatic hyperplasia (BPH), hyperplasia of various types, stroma, and cells with
undetermnined changes. This work was done on prostate tissues from 31 individuals electing to have a
prostatectomy because of a prostate cancer diagnosis. Three tissue types were captured: malignant,
adjacent benign and distant benign from each individual. Blood from each patient was used as a
positive, non-diseased tissue control. Amplification and sequencing of these samples resuited in the
novel mutations seen 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 deleticns, 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
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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Table 1a

Blood distant adjacent | malignant | Unknown
benign benign

100.00% 0.00% 6.00% 0.00% 0.00%

16.13% | 35.48% 9.68% 29.03% 16.13%

12.9% 12.90% 45.16% 3.22% 25.81%

3.22% 0.00% 0.00% 96.78% 0.00%

The results demonstrate a clear pattern of malignant transformation. Normal tissue (blood)
and malignant tissue display high clustering frequencies (1.00 and 0.967). Interestingly, adjacent and
distant benign, both of which appear normal in a histological and pathological sense, show levels of
transformation with over 50% of the samples falling outside the distant benign and adjacent benign
intercepts. Moreover, the same data was analyzed by a neural network, as is standard in the art, with

the following results as shown in Table 1b:

Table 1b
Blood distant adjacent Malignant
benign benign
140.00% 8.00% 0.00% 0.00%
6.45% 0.00% 0.00% 93.55%
19.35% 0.00% 0.00% 77.14%
3.22% 0.00% 0.00% 96.78%

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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533 533 AAGA-A1 G 3013 3013 GGA 536 536 CCT 3036 3036
A CG567.1 567.1 INS C 3040 3040 A/ GG 568A 568.1 INS C 3046
3046 C/T-C 568.2 568.2 INS C 709 709 A-Ms 3308 3307 T-T/C

G C/ A 3338T3B8Tc: MUTATION REGIONS - ND1, ND2, COX1 and CYTB

distant adjacent malignant
benign benign
1. 105DB 105AB - 105ML -
- 6037 4655 4653,
4917,
7407
2, 208DB 208AB - 208ML -
4917, 47232,
5174, 6553,
5685, 7028
6776
3. 349DB 349AB 349ME -
6548
4, 377DB 377AB 377TML -
- 4735, 4917,
5984, 6636,
6912 7028,
7407,
15452,
15607
5, 3J78DB 378AB - 378ML -
6776, 4703
15043
6. 380DRB 380AB - 3I80ML -
- 3469, 4917, 15218
3507, 4951,
15218, 5440,
6059
7. 382DB 382AB - 382ML. -
- 6307, 4716, 6147,
7028, 5312, 6691,
7407, 5371, 7178,
15452, 151862, 15523
15527, 15323,
15607 15324
8. 384DB 384AB - 384ML -
- 4733, 6219, 4733,
7028 15452, 7028
15607
9. 386DB 3B6AB - 386ML
- 15677 15244,
15301,
15452,
15607,
15670
10. 416DB 416AB 416ML —
- 4561, 4864
15326,
15525
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CTT785 785 CC G 3349 3348 A/ GA 857 87 GC 3394 3393 CT

909 909 C.A 3398 3397 T-C 1189.1189 C-C/IT 3469 1 3468. 1 INS T
1247 1247 G C A 3480 34y9 G A 1431 1431 O0O-G A 3499 34P8 A CA
BP Hi storijcal Nunber§igignt*| 13?2 el i ni rfdiR¢Ry malignant
benign benign
11. 417DB 417AB 417ML ~
4917
12, 418DB 418A8B - 418ML -
7159 7028,
7407
13. 426DB 426AB 426ML -
4892,
5102,
5213
14, 449DB 449AB 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,
50486,
5393,
5984,
6548,
6827,
6989,
7055,
71486,
7256,
7389,
15115
18. 455DB 455AB 455ML
- 7160
19. 456D0B 456AB - 456ML -
- 3589, ‘ 4216, 4787,
4216, 4787, 6579,
5312, 4917, 7059,
5424, 7407, 15302
6041, 15343,
7013, 15452,
7407, 15607
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A GG3589 3688 CCT 1719 1719 A GG 35p4 3593 C T gP
Hi storichl Nunmbering** 93856l ninating pdisdenti bpn gap at 3dDgnddorfo- Homo
ono- fl eferol-&t-aro l—hr??_%%]? Historical ofgebel i ng** BP
15452
20, 457DB 457AB 457TML
21. 458DB 458A8 458ML
-5198,
7407
22, 460DB 460AB 460ML
-5147
23. 461DB 461AB - 461ML -
- 7028, 3394, 7184
7184 7184,
14899
24, 463DB 463AB - 463ML —
- 14503 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 - 46TML
4917,
5147
28. 498DB 498AB - 498MIL,
- 14918
14903,
14918,
15355
29, 501DB 501AB - 501ML -
- 4580, 4580, 3966,
4826, 6776 4569,
6224, 4580,
7007 4917,
15379
30. 504DB 504AB 504ML
- 3507
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Cluster analysis

The mutations identified in the 31 individuals diagnosed with prostate cancer were analyzed
using Hierarchical Clustering Explorer (HCE) (www.cs.umd.edu/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; Seo et al.
2005a; Seo et al. 2004c; Seo et al. 2005b). In addition, the mitochondrial genomes from prostate
needle biopsy tissue of 12 males clinically symptomatic for prostate 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
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 symptoms but having no malignancy as
determined by pathology (2, 35, 51, 209, 27_0, 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
(b) blood). Benign glandular tissue from symptomatic but non-malignant tissue of the 12 individuals

is indicated by "pl". 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
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 CyiB 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 Neuropathy (LHON) (Mitochondrial Research Society; Huoponen, 2001;
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
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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microdisssected (LCM) by a qualified, clinical pathologist. Sequences were compared to
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,
adjaceni 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 amplificd 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 ¢ lists the synonymous and non-synonymous mutations found in ND1, ND2,
COXI, 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 1c and Figures 2 to 4, the invention includes any mutations
in ND1, ND2, COX1 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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A statistical analysis of distant benign from malignant subjects compared to the benign glands
of the 12 symptomatic but not malignant patients was done. Since there were 31 malignant patients
and 12 symptomatic but not malignant subjects, random samples of 6 groups of 12 from the malignant
patients were run against the 12 symptomatic but not malignant subjects. A chi square analysis for
each of the 6 groups was run. The results are listed in Table 1d. In every case, the differences were
significant at 0.01 level, meaning that the difference between mitochondrial sequences from distant
benign tissue in malignant subjects and mitochondrial sequences from symptomatic but not malignant
subjects was not due to chance 99% of the time. The analysis was based on the number of mutations

found in the four coding regions discussed above.

Table 1d. Chi-square test

1) First set of DB - 426, 456, 450, 449, 380, 501, 386, 456, 466, 378, 457, 504
2) Second set of DB - 377, 105, 451, 417, 501, 456, 426, 498, 382, 461, 384, 464
3) Third set of DB - 467, 208, 466, 505, 452, 458, 105, 498, 380, 463, 208, 377
4) Fourthset of DB - 416, 504, 457, 466, 382, 452, 460, 450, 498, 386, 418, 501
5) Fifth set of DB - 456, 452, 461, 505, 464, 460, 378, 455, 417, 505, 449, 349
6) Sixthset of DB - 463, 426, 498, 349, 455, 466, 452, 380, 386, 461, 450, 460
Tissues NDI  ND2 COI CYTB Xi-Square

Symptomatic 0 0 0 i

First set10 8 12 7 35.14
Second set 3 6 14 9 30.11
Third set 4 2 7 8 19.12
Fourth set 3 4 7 11 23.09
Fifth set 4 5 10 8 2512
Sixth set 4 1 5 9 17.11

Symptomatic Patients - 12; Distant Benign - 6 random sets of 12 each

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 supplicd 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,
split human skin samples, from sun-exposed (n=24) and sun-protected body sites (n=10} were
investigated.

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

C 1336 AACACATCT CTG CCAAACCC 20 mer SEQID NO: |
H335 TAA GTG CTGTGG CCA GAAGC 20 mer SEQ ID NO: 2
E L467 CCCATACTACTAATCTCATC 20 mer SEQ ID NO: 3
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Primers pairs C/D and E/F are *back to back’ at the site of two separate sets of direct repeats
in the non-coding region. As a result they only generate a product if a duplication is present at these
points. Products generated are 260 bp and/or less common 200bp variant. Modified PCR conditions
are: 100ng total cellular DNA, 200uM dNTPs, 2.5 U HotStarTag polymerase and PCR buffer (Qiagen,
Uk), 25 pmoles of primers: one cycle of 94°C for 4 minutes, 36 cycles of 94 °C x 1 minute, 55°C x 1
minute, 72°C x 1 minute and one cycle of 72°C x 7 minutes. |

An increased incidence of duplications with increasing sun-exposure was observed, with
duplications identified in 10/24 but 0/10 samples from sun-exposed and sun-protected skin
respectively (Fisher’s exact test, p=0.01 5) (Birch-Machin and Krishnan 2001). The sizes of the most
frequent duplications were 200 and 260 base pairs. Interestingly these same samples also contained
high levels (>] %) of the 4977bp common mtDNA deletion as determined by an established
quantitative 3-primer PCR assay described in Example 6.

Example 3: Mutation fingerprint of mtDNA in human NMSC and its precursor lesions

DNA was extracted from human skin tissue samples as described in Example 1, with the use
of DNeasy™ by Qiagen Using specific primers, mtDNA is amplified by PCR and following DNA
sample preparation (Qiagen), mutations are identified by automated sequencing (PE Applied
Biosystems) using BigDye™ Terminator Cycle sequencing. This methodology is described in Healy
et al. 2000; Harding et al. 2000, The entire 16,569bp human mitochondrial genome is sequenced
using established PCR primer pairs, which are known not to amplify pseudogenes, or other nuclear
loci, Any putative DNA changes are confirmed by comparison to the revised "Cambridge" human
mtDNA reference (Andrews et al. 1999), The sequences obtained from the tumour mtDNA are first
compared for known polymorphisms (Andrews et al. 1999; MITOMAP) and then compared with the
mtDNA sequence from the normal perilesional skin to identify genuine somatic mutations.

DHPLC is performed on the WAVE™ DNA Fragment Analysis System (Transgenomic,
Omaha, USA) which provides a fully automated screening procedure. The same technology is used to
screen for heteroplasmic mutations in the skin tumour mtDNA.

Using the back to back primer methodology described in Example 2, the pattern of DNA
length mutations (i.e. tandem duplications) in the hypervariable segments of the non-coding region

(NCR) are rapidly screened.

Example 4: Deletion spectrum of the entire mitochondrial genome in human NMSC and its
precurser lesions

MtDNA 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
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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observed to occur in the mitochondrial genome. Not all deletions will correlate with non-melanoma
skin cancer; however, for an accurate diagnostic method, those deletions that are associated with the
disease must be known. ‘

DNA is extracted by use of a commercial kit (Qiagen) accofding to the manufacturer’s
recommendations. The entire mitochondrial genome is amplified in two separate reactions using the
Expand TM Long Template PCR System™ (Bochringer Manheim, Switzerland). The PCR primers
used are those described by Kleinle et al. (1997) covering the following regions of the Cambridge
sequence (Andrews et al. 1999): DIA(nucleotides (nt) 336-363), DIB (nt 282-255), OLA (nt 5756-
5781), and OLB {(nt 5745-5781). These large products eliminate amplification of nuclear
pseudogenes. The sequences of the primers are as follows:

DIAF: (336-363) 5' AACACATCTCTGCCAAACCCCAAAAACA 3" SEQIDNO: 35
OLBR: (5745-5721) 5' CCGGCGGCGGGAGAAGTAGATTGAA 3' SEQIDNO: 6
OLAF: (5756-5781) 5' GGGAGAAGCCCCGGCAGGTTTGAAGC 3' SEQ ID NO: 7
DIBR: (282-255) 5' ATGATGTCTGTGTGGAAAGTGGCTGTIGC 3' SEQIDNO: 8

Amplifications are performed in 50 microlitre reactions containing 16 pmol of each primer,
500umol dNTPs, 10 x PCR buffer with 22.5mM MgCl; and detergents(kit), 0.75 ul of enzyme (3.5 x
10® units/m]) and 50-200ng of total DNA. One reaction generates 11,095bp segments of the genome,
while another results in 5,409bp lengths {e.g. Kleinle et al, 1997). The PCR amplification conditions
consists of a denaturing stage at 93°C for 1 min 30s, followed by 10 cycles of 93°C for 30s, 60°C for
30s and 68°C for 12 min, followed by a further 20 cycles of the same profile with an additional 5s
added to the elongation time every cycle. There is a final cycle of 93°C for 30s, 60°C for 30s and an
elongation time of 68°C for 26 minutes. To ensure reproducibility, a known amount of DNA is
separated on a 1% agarose gel and only samples which have at least the same amount of DNA are
inctuded 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
UV exposure . \ . .
adjacent normal epidermis epidermal tumour
Constant (n=5) 1.0 3.6
Intermittent (n=2) 0 15
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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the entire sequence of mtDNA extracted from a given tissue is rapidly, and accurately sequenced, in
order to definitively state the arrangement of nucleotide base pairs for that specific molecule and
possible changes through time. These characterizations are compared to health status, aging
indicators and between specific maternal lines, within larger populations. This combined information
allows crucial statistical discrimination between separate causes resulting in the same
mutation/deletion and establishes that the mtDNA sequences, used as a bio-marker, has the required
index of specificity and sensitivity in order to establish its validity. In addition, the proportions of
base pair deletions and mutations are compared for consistency in various fissues across the 4
maternal generations. Recent methodological developments have permitted detection of base pair
deletions irmplicated in aging in blood samples (Bassam et al. 1991) and have raised the possibility
that blood samples may be used to study mtDNA in lieu of skeletal muscle (von Wurmb et al. 1998).
After establishing the efficacy of employing leukocytes in lieu of muscle tissue, as representative of
mtDNA deletions and /or mutations, the next step measures only mtDNA in leukocytes. MIDNA
deletions/mutations are then determined as previously described.

Skeletal muscle or leukocytes are obtained from a patient. DNA is extracted as set out in
Example 1. The following primers were used:
128T1:(1257-1279) 5' TATACCGCCATCTTCAGCAAAC3' SEQID NO: 9
128T2: (1433-1411) 53 TACTGCTAAATCCACCTTCGAC 3' SEQ IDNO: 10
D1F: 5 CCTTACACTATTCCTCATCACC 3' SEQIDNO: 11
DI1R: 5 TGTGGTCTTTGGAGTAGAAACC 3' SEQ ID NO: 12

Amplifications were performed in 50 microlitre reactions containing 2.0 pmol of each primer,

. 250umol dNTPs, 10 x PCR buffer(Thermopol Reaction Buffer), bovine serum albumin, 0.5units Deep

vent polymerase and 50-200ng of total DNA. The PCR amplification conditions consists of a
denaturing stage at 95°C for 5 min (hot start), followed by 30 cycles of 94°C for 30s, 60°C for 60s
and 72°C for 30s with a final extension at 72°C for 10 min. Gel electrophoresis was performed on a
2% agarose gel at 125 volts for 60 min, stained with ethidium bromide, and visualized under UV
light. To ensure reproducibility, a known amount of DNA was separated on a 2% agarose gel and only

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

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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9028-9008 respectively (Anderson et al., 1981); primer B corresponds to light strand positions 8273-
8289. Primer C maps to a mtDNA region within the common delétion, whereas primers A and B flank
the deleted region. Therefore primers B and C only amplify wt-mtDNAs and primers A and B only
amplify deleted mtDNAs (the distance between the two primers in the absence of the deletion,
approximately 5.5kb, is too long to be amplified under our PCR conditions as described below),

Using three primers allowed the simultaneous detection of two bands, the larger onc (755bp)
corresponding to the wt-mtDNA, and the smaller one (470bp) corresponding to deleted mtDNA
harbouring the ‘common deletion’. The PCR reaction mixture (25l total volume) contained 100ng total
cellular DNA, 200uM dNTPs, 10mM Tris-HCI (pH 8.8), 50mM KCI, 1.5mM Mg Cly, 0.1% Triton X-
100, 2.5U Tag DNA polymerase (BioTagq, BiolineUK Limited, London), 25 pmoles of primers A and B,
6.25 pmoles of primer C and 3uCi of [a-** P]-dATP. The PCR conditions were 25 cycles of 94°C at 1
minute, 55°C at 1 minute, 72°C at 2 minutes including a final extension of 15 minutes at 72°C. These
PCR products were then electrophoresed through a 6% nondenaturing polyacrylamide gel and the
radioactive PCR fragments were quantified by phophorimage analysis using the ImageQuant™ software
(Molecular Dynamics, Chesham UK).

Example 7: Serial Dilution PCR method to quantitatively detect low levels (<1%) of the
common mtDNA deletion

A semi-quantitative PCR method (Corral-Debrinski et af 1991) is used to estimate the
proportion of the common deletion in the total mtDNA extracted from the tissue/cell samples,
Biological samples are obtained and DNA extracted as described in Example 1. The DNA sample is
mitially linearised using the restriction enzyme Bam HI (1ul enzyme and 1ul of commercially
supplied buffer) at 37°C for 90 minutes. Serial dilutions are performed in two-fold steps (for total
mtDNA there was an initial 10-fold dilution) and PCR performed for each dilution (1pl) using the
following primers:
Primers for total mtDNA
L3108 (nt3108-3127)
H3717 (nt3717-3701)
Primers for Common Deletion
L8282 (nt8282-8305)
H13851(nt13851-13832)

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 (50ul): Sampie DNA 1 ul,

0.6uM forward primer, 0.6uM reverse primer, 0.2mM dNTP’s, Sul GeneAmp® 10x PCR Buffer,
46



7388 T-T/C 5593 5592 T-TIC 7406.1 7405.1 INS C 5633 5632
T-T/C 7407 7406 T-C T-TIC 5650 5649 GG A 7412 7411 (adn/(adm
BP Hi storical Nunbering** BP elimnating position gap at 3106 Hono-
Hono Honp- Hetero Hetero- Honmo BP Historical Nunbering** BP

g|6:5r5n 22;'4 n&_le_\?(%sf%ﬂn'e@{lb 7%@M§ita§é %merdgp @rm&),l_ﬁtﬁ Llostéx_-l?et £k RravddATEble

15

20 L

25

30

distilled water.

Following electrophoresis the PCR productes are visualised on a UV transilluminator (TMW-
20, Flowgen Lid., Lichfield, UK) and a digital image of the gel obtained using image acquisition
apparatus (Alpha Imager 2000, Alpha Innotech Corporation, supplied by Flowgen Ltd., Lichfield,
UK). The associated image analysis software (Alpha Ease v3.3, Alpha Innotech Corp.) allows the
calculation of the integrated optical density (IOD) for each PCR product in a dilution series. The
band where an 10D value of zero is obtained for both total mtDNA and deleted mtDNA and the
corresponding dilution values are used to calculate the percentage of common deletion in the sample
thus:

%common deletion = total mtDNA dilution factor Y92 %™ x 100
(lOD Zero)

common deletion dilution factor

Example 8: Denaturing high performance liquid chromatography (DHPLC)

Samples are obtained and DNA extracted as in Example 1. PCR in 13 overlapping fragments
using two different PCR conditions as described by van den Bosch et al. (2000). The following three
mtDNA specific primer pairs for PCR:

Oligo Sequence

Mit3118F CCCTGTACGAAAGGACAAGAG SEQIDNO: 13

M13334R TGAGGAGTAGGAGGTTGG SEQID NO: 14

Mt8207F CCCATCGTCCTAGAATTAATTCC SEQID NO: 15

Mt8400R ATGGTGGGCCATACGGTAG SEQID NO: 16

Mt14427F CCCATGCCTCAGGATACTCCTC SEQID NO: 17

Mt14997R GCGTGAAGGTAGCGGATG SEQID NO: 18

The 1-2 kb PCR products are digested into fragments of 90-600bp and resolved at their
optimal melting temperature. Mutations are represented as two peaks and mutations with low
percentages, such as <2% heteroplasmy as a “shoulder” in the peak.

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
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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The temperatures for successful resolution of the various heteroduplexes are detailed below and
can simply be substituted into the relevant places in Table 2:

Fragment Melting temp (°C) Gradient of %Buffer B

Mt3118F 59 51-59

Mt8207F 58 50-58

Mt14427F 56 60-68
Example 9

An extensive survey of mtDNA D-loop sequences from 49 prostate needle biopsy patients (46
diagnosed with malignancy) demonstrated mtDINA mutations in all prostatic tissues inclusive of
benign prostatic hyperplasia (BPI), available Gleason grades and stroma as compared with the
mitochondrial DNA of the patients blood. Moreover, an expanded study of mitochondrial genomes
from 31 prostatectomy patients demonsirates equivocable hyper-mutation (Chen et al. 2002; Chen et
al. 2003) loads in matched malignant glands, adjacent benign glands (nearby the malignant glands),
and distal benign glands (located in tissue free of malignant pathology removed from any malignant
pathology) 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
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.
However, certain “hot spots” were also apparent, for example in the D-loop region and the 165 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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the morphological characteristics of a cell are aliered. Importantly, the mutation patterns are
completely inconsistent for matched prostate tissue from an individual patient, or in comparison to
another patient, perhaps indicating possible tissue sites where clonal expansion of malignant cells may
occur. Moreover, separate needle biopsies with the same Gleason score, from the same individual
almost always demonstrate alternative mtDNA mutation patterns. This indicates that total mutation
load rather than specific mutation sites may be more representative of the disease and progression of
the disease.

Since this data was gathered from individuals with known prostate cancer, and in the
prostatectomy group with known advanced staging, it is likely that histologically benign tissue has
undergone some intracellular transformation(s) associated with neoplasia and possible progression
towards malignancy. Benign tissue harboring mtDNA mutations serve as a “biosensor” which can be
monitored for increasing mutations indicative of the rate of disease progression. This rate may also
indicate tumor aggression. Moreover, the effectiveness of a specific therapy could also be monitored
based on the change in this mutational pattern.

This technique may be used as a confirmatory test for benign needle biopsies. Currently
when a patient has a needle biopsy performed on the prostate and the tissue looks histologically
benign he is sent home and is usually scheduled for follow-up needle biopsies in six months. Use of
the above method would examine the already taken needle biopsy tissue and either confirm that the
tissue is benign on the molecular level as well, or find evidence that there is in fact a malignaney in
the prostate that was geographically missed by the needle biopsy technique, or that the tissue is pre-
neoplastic or neoplastic at the molecular level. This could potentially save a lot of people from

undergoing multiple surgeries or allow for early preventative treatment.
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separated by an
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BP BF
eliminating . - eliminating |- ‘
BP Historical | position | Homo- | Homo- | Heferc~ | BP Historical | - pesition. | Homo-.| Homo- | Hetero
Numbering** | gap at 3106 | Homo | Hetero | Homo | Numbering** | gap at 3106 | Homb | Hetero | -Homo
10 10 T-C T-T/C 200 200 A-G A-A/G
31 31 C-C/IT 204 204 T-C T-T/C
C-C/T
41 41 C-T C-CT 205 205 A-AG
55 55 C-T 207 207 A-AIG
57 57 A-T G-A G-G/A
Gl 61 C.C/T 208 208 T-T/C
64 64 C-T 214 214 A-A/G
72 72 C-T C-CT 217 217 C-T
T-C T-T/C 222 222 C-T ]
73 73 A-G AAIG 225 225 A-G A-A/G
81.1 81.1 INST 226 226 C-T C-C/T
93 93 G-G/A 228 228 AG A-A/G
94 94 AAIG G-G/A
104 104 C-CIT 229 229 G-T
113 113 C-C/T 234 234 A-NG
119 119 C-C/t 235 235 A-G
128 128 C-T G-G/A
146 146 C-T C-CT 239 239 1C
T-C T-T/C 247 247 G-(/A
150 150 C-T C-C/T 248 248 DEL A
T-C T-T/C 262 262 C-C/T
152 152 C-T C-C/T 263 263 G-G/T
T-C T-TIC A-G A-AIG
153 153 A-G A-AG 264 264 T-C
G-A G-G/A 277 277 C-C/T
170 170 C-C/T 280 280 C-C/T
182 182 C-T C-C/T 295 295 T-C T-T/C
185 185 G-A G-G/A 207 297 G-A G-GIA
A-AIG 303.1 303.1 INSC
G-G/T 303.2 303.2 INSC
188 188 A-G 305 305 C-C/T
G-A G-G/A 309 309 T-T/C
189 180 A-G A-A/G C-CIT
G-A G-G/A 309 300 DELC
192 192 T-C 309.1 309.1 INSC
194 194 T.C T-T/C 306.2 3092 INSC
C-T 309.3 309.3 INSC
195 195 C-T C-CiT 310 310 DELC | T-T/C | TiC-T
T-T/C DELT | C-C/T
196 196 T-C 311 311 C.C/T
198 198 C-CT 311.1 311.1 INSC
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10882 10881 CGT 8701 8700 A -A/G 10885 10884 CT 8718 8717 A-G
10944 10943 C-CT 8818 8817 T-T/C 10956 10955 X-C/T 8893 8892

A-T 10972 10971 0-A 0-0/A 8903 8902 CCT 10975 10974 CdOT
9055 9054 A-G 10978 10977 A-A/G 9093 9092

. BP : BPF |

. |etimimating:} | | ¢ |-ecliminating-|"* o f :
BP Historical ‘position | Homa- ;° Homo- | Heterp: | BP Historical | - position , | Honié- | Homo- | Hetero
Numbering** [ pap at3106:) Homo | Hetero | Homo _Numbiering** *| -pap'dt 3106 {.Homo | Heterd |{':Homo
199 199 T-T/C '

312 Ji12 C-CIT
C-CT 313 313 C-CIT
200 200 G-A G-G/A
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0-0/A 9667 9666 0-A
A-G A-A0 9698 9697 CT CGCT 9313 9312 A-A/G 9716 9715 CT
9327 9326 A-A/G 9778 9777 0-0/A 9352 9351

A-AC 9767 9766 C T

9132 9131 A-G

9696 9695 CC/ T 9163 9162

c-crr 9899 9898 C- T 9405
BP BP
eliminating eliminating
_position _ position _ o
BP Historical | gapat | Homo- | Homo- | Hetera- { BP Historical | gapat | Homo- | Homo- | Hetero-
Numbering** 3106 Home | Hetero | Hemo | Numbering* | 3106 Homio | Hetero | Homo
315.1 315.1 INSC 1719 1719 A-A/G | A/IGA
315.2 315.2 INSC 1761 1761 AST-A
323 323 G-G/A | 1766 1766 CIT-T
325 325 CT | CCIT 1811 1811 GA | G-G/A
329 329 G-T 1842 1842 AG-A
3%4 394 C-CT 1883 1883 AG-G
INS
416.1 416.1 G/A 1888 1888 G-A | G-G/A | AIGG |
419 419 A-AG AlG-A
456 456 C-T 2005 2005 Cr1-C
T-T/C 2056 2056 AG-G
462 462 T-C 2068.1 2068.1 INS A
465 465 T-T/C 2075 2075 T/G-T
468 468 C-C/T 2257 2257 Crr-C
477 477 C-T 2258 2258 A/G-A
481 481 C-T C-C/T 2259 2250 T-C
482 482 C-T | 2261 2261 C-CiT
489 489 CT ! CCIT 2280 2280 CIT-C
497 497 T-C T-T/C 2351 2351 C/T-T
499 499 A-G 2352 2352 C/T-T
501 501 C-C/T 2357 2357 CT-C
305 505 C-CT 2355 2358 C/T-c
506 506 CrT-C 2389 2389 C/T-C
508 508 G-A 2596 2596 G-G/A
513 513 A-G 2627 2627 G-G/A
513 513 DEL A 2657 2657 C-T
514.1 514.1 INSC 2683 2683 C-C/T
515 515 A-A/G 2689 2689 C-C/T
5158 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 C-C/T
523 523 A-A/G 2885 2885 C-CrT
523 523 | DELA 2927 2927 C-T
523.1 523.1 INSC 2948 2948 C.T
523.2 523.2 INS A 2952 2652 C/T-T
523.3 523.3 INSC 3010 3010 A-G | AAG
5234 5234 INS A
533 533 A-G | A-A\G 3013 3013 G-G/A
336 536 C-C/T 3036 3036 AG-G
567.1 567.1 INSC 3040 3040 A/G-G
568.1 568.1 INSC 3046 3046 cr-c
568.2 568.2 INSC
709 709 A-AIG 3308 3307 T-T/IC
G-G/A 3338 3337 CIT-T
785 785 C-C/G 3349 3348 AIG-A
857 857 G-C 3394 3393 C-T
909 909 G-G/A 3398 3397 T-C
1189 1189 C-C/T 3469.1 3468.1 INST
1247 1247 G-G/A 3480 3479 G-A
1431 1431 G-G/A 3499 3498 AJG-A
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9404 T-T/C 10143 10142 A-G 9413 9412 T-T/C 10295 10294 0-0/A
9419 9418 CC T 10345 10344 T-T/C 9445 9444 0-0/A 10355 10354
CCT 9477 9476 GA GG A 10439 10438 CCT 9502 9501 O0-A 10455
10454 0-01A 9540 9539 C-C T 10463 10462 T-C T-T/C

BP ' BP
eliminating -eliminating |
position ‘ position

BP Historical | gapat ' | Homo- | Homo- | Hetero- | BP Historical | gap at - Homo-:| Homo- | Hefero-
Numbering** 3106 Homo | Hetero | Homo | Numbering** 3106 Homig '| Hetero.!. Homo

1693 ' 1693 C-T 3507 3506 C-A
1709 1709 AIG-G 3589 3388 C-CT
1719 1719 AIG-G 3594 3593 C-CT

a3




9548
C Ca
9573
9628

9547 A-G

10679 10678 0-A
C-CT 10688 10687 0-0/A 9591 9590 0-0/C 10754 10753 A-C

9627 0-0/A 10810 10809

9554 9553 0-0/A 10550 10549 0-0/A 9559 9558

9564 9563 0-0/A 10685 10684 A-A/0 09574

“BP B .
eliminating eliminating .
position | position. | . 1o
BP Historical gap at - | Homo- | Homo- 1Bl Historical gapat | Homo- Hetero-
Numbering** 3106 Homg | Hetero Numbering** | ' 3106 | Homo Homo
3657 3656 C-T 5663 5662
3666 3665 G-A 5677 5676 C-T
3688 3687 G-G/A 5882 5881
3693 3692 G-G/A 5897 5896
37441 3743.1 INST 5084 56883 A-G
3908 3907 C-T 5985 5984
3966 3965 C-C/T 2999 5998 C-T
J669 3968 C-T 6009 6008 )
3992 3991 C-T 6028 6027 A/G-G
4017 4016 C-T 6037 6036
4185 4184 C-T 6041 6040
4216 4215 T.C T-T/C 6047 6046 G-A
4217 4216 A-A/G 6059 6058
4239 4238 C.T 6147 6146 C-T
4418 4417 C-C/IT 6219 6218
4561 4560 C-T 6221 6220
4569 4568 G-G/A 65224 6223
4580 4579 A-A/G 6307 6306
4591 4590 T-T/C 6314 6313
4646 4645 C-T 6382 6381 G-A
4655 4654 A-AIG 6548 6547
4703 4702 C-C/T 6553 6552
4716 4715 C-C/T 6557 6556
4722 4721 A-A/G 6579 6578 G-A
4733 4732 C-C/T 6643 6642
4735 4734 C-C/T 6667 6666
4787 4786 G-A G-G/iA 6686 6685 T-C
4826 4825 C-C/T 6691 6650 G-A
4864 4863 C-C/T G776 8775 T
4392 4891 C-C/T T-C
4917 4916 A-G | A-A/G 6827 6826
G-G/A 6912 6911
4851 4950 C-C/T 6917.1 6916.1 INST
5036 5035 A-A/G 6953 6852 G-A
5046 5045 G-GIA 6989 6983
5102 5101 A-A/G 7007 7006 C-T
5147 5146 G-A G-G/A 7013 7012
A-AIG 7028 7027 C-T
5174 5173 C-C/T
5198 5197 G-G/A 7055 7054
5213 5212 C-C/T 7059 7058
5360 5299 C-C/T 7146 7145
5312 5311 CCT 7139 7158
5371 5370 C-C/T 7184 7183 G-A
5424 5423 C-C/T 7256 7255
5440 5439 C-C/T 7309 7308
5456 5455 Cc-Crr 7389 7388
5593 5592 T-T/C 7406.1 7405.1 NS C
5633 5632 T-T/C 7467 7406 T-C
5650 5649 G-G/A 7412 T411 (C/T)f(C!T)J




T-C T-T/C 9667 9666 0-A

10873 10872 C-CT 9698 9697 CT COr
10882 10881 G- T

9767 9766 C T

10885 10884 C-T

10944 10943 C-CT 9899 9898 C- T

10819 10818 O0-0/A 9696 9695 C-CGF
T-C T-T/C 9716 9715 C T
9778 9777 0-0/A

BP BP
climinating eliminating
positian position
BP Historical gapat Homo- | Homo- | Hetero- | ‘BP Historlcal gap at Homo- | Homo- | Hetero-
Numbering** 3106 Home ; Hetero | Homo | Numbering** 3106 Homo | Hetere |  Homo
: 5655 5654 T-CT 7476 7475 T-T/C
| 5656 5655 A-G | A-AG 7521 7320 G-G/A
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10956 10955 X-C/T BP Historical Nunbering" BP elimnating position
gap at 3106 Honb- Honmo Hono- Hetero littera Hono BY Historical
Nunbering** BP elimnating position gap at 3106 Honmpb- Hono Hono-
Hetero Heteroiftonp 10143 10142 A-G 10972 10971 0-A 0-G A BP

Hi storical Nunbering** BP elimnating position gap at 3106 Denp- Hono
Honp- Hetero Hetero- Homp BP Historical Numbering** BP elimnating
position gap at 3106 Honp- Honp Honp- Hetero Hetero- Honp 0975 10974

BP ) BP
climinating éliminating :
BP Histerical position Homio- | Homo- | Hetero- | BP'Historical | paosition Homo- | Homo- | Hetero-
Numbering** | gap at 3106 | Home | Hetero | Homo Numbering** | gap at 3106 | Homo | Hetero | Homo

7756 7755 C-CT 10295 10294 G-G/A
7763 7762 G-G/A 10345 10344 T-T/C
7768 7767 G-A_ | AAG 10355 10354 C-CT
7815 7814 C-CT 10439 10438 c-Crr
7867 1866 C-Crt 10455 10454 G-G/A
7897 7896 G-A 10463 10462 T-C T-TIC
8027 8026 G-A

8065 2064 G/A-G 10550 10549 G-G/A
8117 8116 C-C/T 10679 10678 G-A

8133 8132 C-CIT 10685 10684 A-AIG
8248 8247 A-A/G 10688 10687 G-G/A
8270 8269 C-T C-CT 10754 10753 A-C
8426.1 8423.1 INSG 10810 10809 T-C T-T/C
8468 8467 C.C/T 10819 10818 G-G/A
8616 8615 A-AIG 10873 10872 C-C/T
86355 8654 C-CIT T-C T-TiC
8697 8696 G-A | G-G/A 10882 10881 C-T

8701 8700 A-A/G 10885 10884 C-T

8718 8717 A-G 10944 10943 C-C/T
8818 8817 T-T/C 10956 10955 X-CT
8893 8892 A-T 10972 10971 G-A | G-G/A
8903 8902 C-CIT 10975 10974 C-C/T
9055 9054 A-G 10978 10977 A-A/G
9093 9092 G-G/A 9667 9666 G-A

9132 9131 A-G 9696 9695 C-CT N
9163 9162 A-G | A-AG 9698 9697 c-T Cc-C/T
9313 9312 A-AG 9716 9715 C-T

A-AC 9767 9766 C-T

9327 9326 A-A/G 9778 8777 G-G/A
9352 9351 C-C/T 989% 0898 C-T

9403 9404 T-T/C 10143 10142 A-G

9413 9412 T-T/C 10295 10294 G-G/A
9419 9418 C-CIT 10343 10344 T-T/C
9445 9444 G-G/A 10355 10354 C-C/iT
9477 9476 G-A | G-G/A 10439 10438 C-C/iT
9502 9501 G-A 10455 10434 G-G/A
9540 9539 C-C/T 10463 10462 T-C T-T/C
G348 9547 A-G

9354 9553 G-G/A 10550 10549 G-G/A
9559 9558 cCT 10679 10678 G-A

9564 9563 G-G/A 10685 10684 A-AG
9574 9573 C-CrT 10688 10687 G-G/A
9591 9590 G-G/C 10754 10753 A-C

9628 9627 G-G/A 10810 10809 T-C T-T/C
9667 9666 G-A 10819 10818 G-G/A
9696 9695 C-C/T 10873 10872 C-CIT
9698 9697 C-T C-CT T-C T-T/IC
9716 9718 C-T 10882 10881 C.T

9767 9766 C-T 10885 10884 C-T

9778 9777 G-G/A 10944 10943 C-CiT
9859 9898 C-T 10956 10955 X-CIT
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C-C 13398 13397 A-A/C 10978 10977 A-A/C 13431 13430 CdOT

11001 11000 A-A/C 13436 13435 CCT 11013 11012 X-CT 13468
13467 C-CT 11024 11023 T T/C 13476 13475 A-A/IC
13483 T-T/C 1 069 1 068 A-A/C 13487 13486 CCT 1 084

CCdT 13484

BP BP
climinating _ eliminafing |-
BP Historical | position | Homo- | Homo- | Hetero- | BF Historical | position | Homo- | Home- | Hetero-
Numbering** | gap 23106 | Homo.| Hetero | Homo | Numbering** | gap 2¢3106 | Homo }: Hetero:|: Homo
10143 10142 A-G 10972 10671 G-A G-G/A
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11083 A-A/C 13506 13505 G C/T 11 3 11112 T-C T-T/C 13530 13529

CdT 11177 11176 CC T 13536 13535 CCT 1180 11179 O-GT
13563 13562 A-MG 11195 11194 O0O-G A 13573 13572 C O T 11217

11216 C- G T 13579 13578 G A

aT

11251 L 250 A G A-AC 13609 13608 C

BP BP
eliminating elimmating
BP Historical { position | Homo- | Homo- | Hetero- | BP Historical position | Homo- | Home- | Hetero-
Numbering** | oap at 3106 | Homo | Hetero | Homo Numbering** | gap at 3166 | Homo | Hetero | Homo

10975 10974 C-CT 13398 13397 A-A/G
10578 10977 A-A/G 13431 13430 C-CIr
11001 11000 A-AIG 13436 13435 C-.C/T
11013 11012 X-CT 13468 13467 C-CT
11024 11023 T-T/IC | 13476 13475 A-AIG

C-C/IT 13484 13483 T-T/IC
11069 11068 A-A/G 13487 13486 C-CiT
11084 11083 A-AG 13506 13505 C-CT
11113 11112 T-C | T-T/C 13530 13529 C-CIT
11177 11176 C-CIT 13536 13535 C-Cr
11180 11179 G-G/T 13563 13562 A-AG
11195 111594 G-GrA 13573 13572 C-CT
11217 11216 C-C/T 13579 13578 G-A
11251 L1250 A-G | A-A/G 13609 13608 C-C/T

G-A | G-G/A T-T/C
11299 11298 C-T C-CIT 13617 13616 C-T C-CIT
11332 11331 T-T/C T-C T-T/C
11337 11336 G-A/G 13634 13633 G-GrA
11351 11350 G-A/G 13650 13649 C-C/T
11356 11355 T-T/C 1362] 13620 T/C-C
11377 11376 | A-AG 13631 13630 C-C/T
11420 11419 G-G/A 13637 13636 G-G/A
11647 11646 C-T 13638 13637 A-A/G
11719 11718 G-A | G-G/A 13651 13650 A-A/MG
11812 11811 A-G A-AG 13655 13654 T-T/C
11852 11851 G-G/A 13674 13673 C-T
11674 13673 DELC

11857 11856 C-CIT 13680 13679 T-T/C
11864 11863 C-T C-CrT 13687 13686 C-C/T
11881 11880 C-C/T 13707 13706 G-G/A
11907 11906 T-T/C 13708 13707 A-A/G
11914 11913 G-G/A G-G/A |
12012 12011 C-CT 13711 13710 G-G/A
12013 12012 AJG-A 13712 13711 C-C/T
12308 12307 G-G/A 13725 13724 c-Crr
12372 12371 G-G/A 13731 13730 A-A/G

A-A/G 13734 13733 C-C/T
12492 12491 T-T/A 13743 13742 T-T/C
12624 12623 C-T 13748 13747 A-A/G
12633 12632 A-C A-A/C 13759 13758 G-G/A
12654 12653 G-G/A A-AIG
12810 12809 G-G/A 13766 13765 C-CT
12959 12658 C-C/T 13788 13787 C-C/T
13079 13078 A/G-A 13789 13788 T-T/C
13089 13088 T-A 13805 13804 C-CT
13105 13104 A-AIG 13841 13840 T-T/C
13111 13110 T-C 13880 13879 C-C/A
13212 13211 C-C/T 13888 13887 X-T | X
13281 13280 T-T/C 13911 13910 G-G/A
13294 13293 A-AIG 13933 13932 A-A/G
13359 13358 G-GrA 14025 14024 C.CIT
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GAO-CA

11331 T-T/C

13620

T-CT T/C 11337 1 336 G A G 13634 1363 GCA
11351 11350 O-A/G 13650 13649 CCT 1356 11355 T-T/C 13621
T/C C 11377 11376 A-A/C 13631 13630

T-T/C 11299 1 298 C T GC T 13617 13616 CC C T 1332

BP BP
eliminating ) | eliminating | -
BP Historical | position | Homo- | Homo- | Hetero- BY Historical | - ‘position ‘Homo-.| Hetero-
Numbering** | gap at 3106 | Homo | Hetero | Home | Numbering**: | gap at 3106 Hetero | Homo. .
13368 13367 G-A | G-G/A 14044 14043 C.C/T
A-G | A-AG 14135 14134 T-TIA

5¢




CCT 11420 11419 GC A 13637 13636 0-C/ A 11647 11646 CT
13638 13637 A-A/C 11719 11718 GA 0-C/ A 13651 13650 A-A/C 18 2
11811 A-G A-A/C 13655 13654 T-T/C 11852 11851 G C A 13674 13673

CT 3674 13673 DEL C 11857 11856 C-dT
BP BP
eliminating eliminating
BP Historical | position | Homo- | Homo- | Hetero- | BP Historlcal .| pesition - | Homo- | Home- | Hetero-
Numbering** | pap at 3106 | Homo | Hetero | Homo | Numbering** | gap'at 3106 | Homo | Hetero | Homo

14139 14138 G-G/A- 15889 15888 T-TIC
14167 14166 T-T/C 15904 15903 T-C T-TIC
14178 4177 T-T/C C-A/C
14182 14181 T-C T-T/C 15907 15906 G-G/A

14203 14202 A-AIG 15927 15926 A-G
14220 14215 X-G | X-G/A 15928 15927 A-G | A-AG
14233 14232 AG | AAG G-A | G-G/A

14281 14280 T-C T-T/C 15998 15997 A/T-A
C-C/T 15999.1 15998.1 INST

14899 14858 G-G/A 16048 16047 G-GIA
14903 14902 G-A | X-AG 16651 16050 A-AIG
14918 14917 G-G/A G-G/A
15043 15042 G-G/A 16063 16062 C-CIT
15115 15114 T-T/C 16067 16066 C-CT
15162 15161 C-C/T 16069 16068 C-C/T
15218 15217 G-A | G-G/A 16093 16092 X-C T-T/C
15244 15243 G-G/A C-T C-C/T
15265 15264 C-C/T ' 16095 16094 C-T | C-CT
15286 15285 C-C/T 16111 16110 T-T/C
15301 15300 A-AG 16126 16125 T-C T-T/C
15302 15301 C-C/T C-C/T
15307 15306 C-C/T 16129 16128 G-A | G-G/A
15323 15322 A-G | A-AG 16134 16133 C-C/T
G-G/A 16148 16147 C-C/T
15324 15323 C-CIT 16153 16152 A-AG
15343 15342 X-C X-C/T 16163 16162 G-G/A
15355 15354 X-A | X-A/G 16172 16171 C-C/T
15379 15378 C-C/T 16184 16183 C-T | CcCT

15384 15383 X-C X-C/T T-C
15429 15428 A-A/G 16186 16185 T-T/C
15452 15451 C-A C-C/A 16189 16188 T-C T-T/C
A-C | A-ACC CT | CC/T

15523 15522 C-C/T 16190 16189 T-C
15525 15524 G-G/A 16192 16191 C-C/T
15526 15525 C-C/T T-C T-T/C
15527 15526 C-C/T 16209 16208 C-CT
15557 15556 G-G/A T-T/C
15587 15586 C-C/r 16223 16222 T-T/C

15607 15606 A-G A-A/G C-T
G-A | G-G/A 16224 16223 C-T | C-C/T
15670 15669 C-C/T T-T/C

15693 15692 C-T | CLC/T 16225 16224 C-T
15698 15697 C-C/T 16235 16234 A-AIG
15704 15703 C-C/A 16239 16238 C-T C-C/T

15708 15707 G-G/T X-C
15762 15761 G-G/A 16247 16246 G-GiA
15812 15811 A-AIG 16256 16255 T-T/C
15826.1 15825.1 INS G C.CIT
15834 15833 T-T/C 16270 16269 CT | CLCT
15865 15864 A-AIG 16292 16291 C-C/T
15884 15883 C-G | G-C/G 16294 16293 C-T | CCIT
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13680 13679 T-T/C 11864 11863 CT CC T 13687 13686 C-C T 11881
11880 C-CT 13707 13706 G C/ A 11907 11906 T-T/C 13708 13707 A
GGA 12012 12011 CCT 13711 13710

A G 11914 11913 G dJA
GGA 12013 12012

MG A 13712 13711 C C 2308 12307 O0-G A

BP BP
eliminating eliminating ) . _
BP Historical | position | Homo- | Homo- | Hetero- | BP Historical position | Homo- | Homo- | Hetero-
Numbering** | gap at 3106 | Homo | Hetero | Homo Numbering** | gap 213106 | Homo | Hetero | Homeo
A-A/G 16296 16295 C-T C-C/T
16270 16269 T-C T-T/C 16544 16543 T-T/C
C-C/T
16278 16277 T-C
16280 16279 A-AG | AIG-A
16290 16289 C-CT
T-T/C
16291 16290 C-CIT
16292 16291 T.TIC
16293 16292 A-AG
16294 16293 T.T/C
C-T [ CCT
16295 16294 C-CfT
16296 16295 C-T C-C/T
T-T/IC
16298 16297 C-T C-C/T
16303 16302 G-G/T
16304 16303 T-T/C
C-T | C-CT
16311 16310 C-T C.C/T
T-C T-T/C
16319 16318 G-A G-G/A
T-T/IC
A-AG
16320 16319 T-T/C
16325 16324 C-.C/T
16344 16343 C-G
16356 16355 C-C/T
16342 16341 C-T C-CfT
16352 [6351 T-T/C
16353 16352 C-CT
16354 16353 T-T/C
16355 16354 T-T/C
163591 16358.1 INS G
16360 16359 C-C/T
16362 16361 C-C/T
T-T/C
16370 16369 G-G/A
16389 16388 G-G/A
16390 16389 X-G X-G/A
16398 16397 A-G G/IA-G
16399 16398 G.A GIA-A
16429 16428 X-TIiC
16463 16464 C-T C-CIT
T-C T-T/C
: 16475 16474 T-T/C
16514 16513 C-CIT
16519 16518 T-C_| T-IKC
C-T | C-C/T
16526 16525 A-G
G-G/A
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13725 13724 C-C T 12372 12371 0-0/A 1731 13730 A A/G

A-AlC

13734 13733 CC T 2492 12491 T-T/A 13743 13742 T-T/C 12624

12623 C- T

G GA 12654 12653 GCA

A-A/C 12810 12809

13748 13747 A-AC 2633 12632 A-C A-A/C 13759 13758

BP " BF
| eliminating eliminating |
BP Historical | position | Homo- | Homo- Hetero~ | BP Historical | .- position’.. | Home- | Homio- | Hetero-
Numbering** | gap at 3106 | Homo | Hetero | Homo | Numbering** | gap at 3106 | Homo | Hetero * Homo
‘ 16527 16526 C-C/T
i 16537 16336 T-C T-T/C !
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13788 13787 C T
13805 13804 C-COT
13880 13879 CCA

G CA 13766 13765 CC/ T 12959 12958 C-C,
13079 13078 A C-A 13789 13788 T-T/C 13089
3105 13104Tabley G 13841 13840 T-T/C 13111

13212 13211 C-C/T 13888 13887 X-T X-CIT
D-Loop Primers (used for formalin fixed tissue and blood for needle biopsies)
SEQID Length (#
NO: . Primer bases) 5.3
19 15971fF 20 TTAACTCCACCATTAGCACC
20 15f 20 CACCCTATTAACCACTCACG
21 16211f 22 CAGCAATCAACCCTCAACTATC
22 16410r 19 AGGATGGTGGTCAAGGGAC
23 389r 20 CCTAACACCAGCCTAACCAG
24 420r 18 GTGCATACCGCCAAAAGA
25 711r 21 AACGGGGATGCTTGCATGTGT
Formalin Fixed Tissue Primers (used for 31 prostatectomies)
SEQID Length (#
NO: Primer bases) 5-3
26 649 21 TAGGTTTGGTCCTAGCCTTTC
27 1051f 26 ACAATAGCTAAGACCCAAACTGGGAT
28 12471 22 CAAGAGGTGGTGAGGTTGATCG
29 8959 22 CGATAATAACTAGTATGGGGAT
30 8814f 22 CCAACTATCTATAAACCTAGCC
31 92471 19 GCCCATGACCCCTAACAGG
32 9868r 21 CGGATGAAGCAGATAGTGAGG
33 9711f 22 CTGGGTCTCTATTTTACCCTCC
34 10663f 18 TCTTTGCCGCCTGCGAAG
35 10766 22 TTAGCATTGGAGTAGGTTTAGG
36 11813r 26 GTAGAGTTTGAAGTCCTTGAGAGAGG
37 116291 23 AATCAGCCACATAGCCCTCGTAG
38 12709r 28 GGAAGATGAGTAGATATTITGAAGAACTG
39 125281 22 GAACTGACACTGAGCCACAACC
40 13516r 23 GGTCTTTGGAGTAGAAACCTGTG
4] 13239f 23 CGTAGCCTICTCCACTTCAAGTC
42 15351r 23 TCGTGCAAGAATAGGAGGTGGAG
43 15144f 25 TCCCGTGAGGCCAAATATCATTCTG
44 6145r 24 CAGTTGCCAAAGCCTCCGATTATG
45 5867f 25 CAATGCTTCACTCAGCCATTTTACC
46 139571 22 CTAGATAGGGGATTGTGCGGTG
47 13838f 23 CCCTAGACCTCAACTACCTAACC
48 15026r 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 GTTCGGTTGGTCTCTGCTAGTGT
56 4888f 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 80251 24 GGCTTCAATCGGGAGTACTACTCG

63




3281 13280 T-T/C 13911 13910 GG A 13294 13293 A-A/C 13933
13932 A-A/C 13359 13358 O0-C/A 14025 14024 C- T BP Historical
Nunbering** BP elimnating position gap at M)6 Homp- Honp Homp- Het et
Het ero- Honmo BP Historical Nunbering** BP elimnating position gap at
3106 Homo- Hono |ionio- Hetet Neter. ,Hono 13368 13367 0-A GGHA

14044 14043 C-TIT A G ARG Pri'rﬁ*ei'sjé)rostatectomy)
SEQ ID
NO; Primer | Length (# bases) | 5'-3' .
64 164851 24 GAACTGTATCCGACATCTGGTTCC
65 919r 22 TTGGGTTAATCGTGTGACCGCG
66 1644r 26 CTCCTAAGTGTAAGTTGGGTGCTTTG
67 615§ 24 ATGTTTAGACGGGCTCACATCACC
68 14881 24 CGTCACCCTCCTCAAGTATACTTC
69 2612r 28 GGAACAAGTGATTATGCTACCTTTGCAC
70 2417F 23 CACTGTCAACCCAACACAGGCAT
7i 3641r 23 GCTAGGCTAGAGGTGGCTAGAAT
72 3230f 23 GTTAAGATGGCAGAGCCCGGTAA
73 4417r 26 TTTAGCTGACCTTACTTTAGGATGGG
74 4337f 24 ATGAGAATCGAACCCATCCCTGAG
75 5551r 24 GGCTTTGAAGGCTCTTGGTCTGTA
76 6418f 23 AACCCCCTGCCATAACCCAATAC
77 7554r 33 CTTTGACAAAGTTATGAAATGGTTTTTCTAATA
78 7400f 22 CCCACCCTACCACACATTCGAA
79 8441r 26 GTTGGGTGATGAGGAATAGTGTAAGG
80 8346f 26 CAACACCTCTTTACAGTGAAATGCCC
81 9413 24 GCCTTGGTATGTGCTTTCTCGTGT
52 10285r 21 GGTAGGGGTAAAAGGAGGGCA
83 09273f 2] TCAGCCCTCCTAATGACCTCC
84 10198f 19 CCCGCGTCCCTTTCTCCAT
85 11408r 25 GGAGTCATAAGTGGAGTCCGTAAAG
86 11210f 24 TTICTACACCCTAGTAGGCTCCCTT
87 12231r 20 GTTAGCAGTTCTTGTGAGCTTTCTCG
88 12096f 22 TCCTATCCCTCAACCCCGACAT
89 13098r 26 CAACTATAGTGCTTGAGTGGAGTAGG
90 12881f 26 CATCCTCGCCTTAGCATGATTTATCC
91 13851r 24 GTTGAGGTCTAGGGCTGTTAGAAG
92 14738f 24 AGAACACCAATGACCCCAATACGC
93 15731r 28 CTAGGAGTCAATAAAGTGATTGGCTTAG
94 15347f 23 CACGAAACGGGATCAAACAACCC
95 16000r 24 CTTAGCTTTGGGTGCTAATGGTGG
96 5544f 21 CACGCTACTCCTACCTATCTC
S7 6482r 20 GACTGCTGTGATTAGGACGG
98 13354f 23 TTTATGTGCTCCGGGTCCATCAT
99 14458r 22 GATGGCTATTGAGGAGTATCCT
100 14399f 21 ACACTCACCAAGACCTCAACC
101 15593r 23 ATCGGAGAATTGTGTAGGCGAAT
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genome amplification o?fresh frozen prostate t1ssue Using linear regression, the size of the deletion
was estimated to be between 3000 base pairs (bp) and 3500 bp. Two possible candidate deletions
were identified using Mitomap (Brandon, M. C., Lott, M. T., Nguyen, K. C., Spolim, S., Navathe, S.
B., Baldi, P. & Wallace, D. C. MITOMAP: a human mitochondrial genome database--2004 update.
Nucleic Acids Research 33 (Database Issue):D611-613, 2005; www.mitomap.org), the 3397 bp
deletion at 9574-12972, and the 3379 bp deletion at 10744-14124. In order to determine which of the
two deletions was correct, if cither, a forward primer which bridged the deletion junction was
developed for each of the two candidates, ensuring that the primer extended further than the repeat
regions that flank the deletions. Figure 5 is a schematic diagram showing the design and sequence of
the primer. Positive amplification results for the amplicon cormresponding to the 3379 bp 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,
(i) NADH dehydrogenase subunit 4, (iii) NADH dehydrogenase subunit 5, (iv) tRNA histidine, (v)
tRNA serine?, 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.

Previously, the present investigators sequenced entire mitochondrial genomes from 32 tissue
samples microdissected by LCM and 12 needle biopsies from histologically normal prostates.

Archif;{ed 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 ecach 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
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,
quantity of the deletion between the malignant prostate samples and the symptomatic benign prostate

samples. Malignant samples exhibited a consistently earfier cycle threshold than the benign samples.

Example 11: 3.4kb Deletien Blinded 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
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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investigators were able to predict pathological status correctly in 81% of the cases by examining the
cycle threshold. Of the 4 incorrect calls, two were méiignant safnples that were determined to be
benign and 2 were benign samples that were determined to be malignant. Follow-up clinical
information for the 2 individuals in the latter scenario was requested from the physician to determine
if they had been diagnosed with prostate cancer subsequent to the needle biopsy results used for this
study. One of the individuals who originally produced a benign sample but was predicted by this
study to have a malignancy subsequently produced a malignant sample. As a result, one of the false
positives became a true positive. Therefore, pathological status was predicted correctly in 86% of the
cases examined in this study. The ultimate positive predictice value (PPV, where PPV=true
positives/(true positives+false positives)) for this study was 91% and the negative predictive value

{(NPV, where NPV=true hegatives/(true negatives+false negatives)) was 80%.

Example 12: 3.4kb Deletion Study — Methods (n=76)

Archived Samples

Seventy-six prostate tissues were examined for the 3.4 kb deletion in this study. All tissue
samples were formalin-fixed, 25 being malignant, 12 being normal, and 39 having benign prostatic
disease as shown histologically. Of the latter group more then half had hyperplasia. All specimens
were needle biopsies taken from the investigators® tissue archives.

Prostate Specimens

A tapelift was performed on each slide using Prep-Strips (Catalogue Number LCM0207)
from Arcturus Bioscience Inc. This allowed the removal of any particulate matter or non-adhering
tissue from the slide prior to DNA extraction. With the tissue still
on the slides, the slides were rinsed with PBS (Phosphate Buffered Saline Solution) to remove as
much fixative as possible. The 1-2 needle biopsy sections on the slides were scraped into sterile
microcentrifuge tubes using individually wrapped, sterilized surgical razor blades. DNA was then
isolated and purified using a QlAamp® DNA Mini Kit (Qiagen, Cat. # 51304) according to
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).

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 froma
source known to carry the mutant mtDNA). Each primer set with the exception of TNF were checked

against a mitochondria-free tho 0 cell line to confirm the absence of pseudogene coamplification.
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Primer Pair

Position Amplified 5°- 3°

Length of amplified product
(base pairs)

3.4 Deletion Real-
Time

12s mtDNA

TNF

10729-14379 (less 3379bp at
10744-14124)

708-945

3756-3886

273

238

131

3.4 forward (10729-10743 — 14125-14139)
S"TAGACTACGTACATACTAACCCTACTCCTA-3’ SEQ ID NO: 139

3.4 reverse (14361-14379) 5’-GAGGTAGGATTGGTGCTGT-3’ SEQ ID NO: 140
12s forward (708-728 ) 5’-CGTTCCAGTGAGTTCACCCTC-3” SEQ ID NO: 141
12s reverse (923-945) 5°-CACTCTTTACGCCGGCTTCTATT-3* SEQ ID NO: 142
TNF forward (3756-3775) 5° -CCTGCCCCAATCCCTTITATT-3" SEQ ID NO: 143
TNF reverse (3866-3886) 5’-GGTTTCGAAGTGGTGGTCTTG-3’SEQ ID NO: 144

George Halley and Vincent Prezioso, PhD
George Halley, Eppendorf— 5 Prime, Inc., Boulder, CO, USA
Vincent Prezioso, Brinkmann Instruments, BioSytems Application Lab, Westbury, NY

Real-Time Polymerase Chain Reaction

For TNF primers, Primer Reference Eppendorf® HotMaster™
Application No. 1

HotMaster—An innovative Hot Start/Cold Stop technology for better PCR* results

http://www brinkmanncanada.com/applications/PCR_appl_hotmaster.asp

" Three separate PCRs were performed on each sample. Each reaction was 25pl total volume

primers, and reaction buffer are listed below.

and included template DNA, one pair of primers (12s or 3.4 Deletion or TNF ), an iQ™ SYBR Green
Supermix kit (Catalogue Number 170-8882, Bio-Rad Laboratories Inc.) and distilled deionized water
(ddH;0). The TNF (tumor necrosis factor) comprised single copy nuclear gene primers, and 12s

comprised total mitochondrial genome primers. The volume and concentrations for template DNA,

Table 7 qPCR Components.
Reagent Concentration per Volume per
Reaction Reaction
Reaction Buffer 1X 12.5ul

Primer (forward and | 250nM

0.062541 of each 100

reverse) umnole stock
ddH,0 N/A 2.375.ul
Template DNA 20ng 10.0p1
Total 25u
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Table 8 Cycling Parameters.

Step | Temperature ("C) -. Duration

S [ 3min

2 95 30 sec

3 66 (3.4 deletion primers) or : 30 sec

61.5 (12s primers) or
61.5 (TNF primers)
4 72 30 sec

5 Plate Read

6 72 10 min

7 Melting Curve 50°C - 110°C reading every 1°C 3 sec

Repeat steps 2-5, 44 times for a total of 45 cycles.

Analysig

Thermal cycling, real-time detection and analysis of the reactions was carried out using a
DNA Engine Opticon® 2 Continuous Fluorescence Detection System equipped with Intuitive Opticon
Monitor " software (MJ Research Inc.). The standard curve method was utilized for DNA
quantification. We performed a set of serial ditutions (10°, 10°, 10, 10°, 10% 10") of three purified
PCR generated templates, one product for the 3.4 deletion, one for the 12s primers, and one for TNF.
From this, three different standard curves were generated showing the number of copies of total
mtDNA. (125 amplicon-total mitochondrial genome primers), 3.4 deletion or total nuclear DNA
(TNF-single copy nuciear gene primers). The Cy values of the samples can then be converted to the
number of DNA copies by comparing the sample Cr 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 cyceles.

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

_In order to automate the analyses of these samples, bioinformatics tools were employed. The

three variables that are considered for these analyses are the cycle threshold C; of Tumour Necrosis
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Factor (TNF), total species of mitochondria that contain those specific primer sites, and those

mitochondria that harbour the deletion of interest.

Cluster Analysis

The clustering was not normalized nor were logarithmic functions used due to the similar and
small range of data.

Figure 7 shows the actual movement and trends of the data. The x-axis is the patient number
and the y-axis is the cycle threshold obtained from real time PCR.

It is important to note that the higher the cycle threshold is, the lower amount of the variable
i$ present.

The primary general trend shown in Figure 7 is based upon the differences/ratios between the
variables of Deletion, Total, and TNF. The deletion is low to absent for the benign/normal samples
(right side) and increases (toward the left) with 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.

Supervised Learning

Supervised learning is based on the system trying to predict outcomes for known samples.
Half of the data was used to train and the other half to test the algorithm. Supervised leaming
compares its predictions to the target answer and "learns” from its mistakes. But, if the predicted
output 1s higher or lower than the actual outcome in the data, the error is propagated back through the

systerm and the weights are adjusted accordingly.

Data SET: 5% to 35% - Benign

35% to 63% - Hyperplasia
65% to 95% - Malignant
ANN Algorithm (shown schematically below):
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%
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Artificial Nenral Network algorithm

Training: using
half of data set

Neural Network
Connections or

==——>| weights between
Input
neurons
Adjust weights

for all neurons

Supervised I earning of Deletion Data using Artificial Neural Network {ANN

Three Classifications;

Benign
Hyperplasia
Malignant

Three variables for each classification are used based on Real Time PCR Cycle Threshold Cy:

Tumour Necrosis Factor (TNF) — Nuclear copy control,
Total Mitochondria — Mitechondria copy control
Deletion — Mitochondria in the deleted state.

Results:

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

Three Classification Accuracy = 86.6%
Positive Predictive Value (PPV);
Benign to Malignant = §8.2%

Negative Predictive Value (NPV)
Benign to Malignant = 76.5%
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exposure in human skin

Since the initial discovery of the possible association of the 3895bp deletion with sun exposure as
reported by Harbottle et al,, 2004 and Durham et al., 2003, further work has confirmed that the
association is present. As well, the additional work has enabled the use of this deletion for a
diagnostic test of sun exposure or skin cancer detection, through the invention of a novel method for
detection of deletions and sequence rearrangements in a fully quantitative manner. This method
provides for the annealing of a primer or probe to the newly formed sequence created by the deletion
or insertion involved in the rearrangement and thereby allows the use of real-time quantitative PCR
(gPCR) as a means of detection. The use of the gPCR platform enables the quantitative detection of
the deletion rather than a simple presence and absence scenario. This quantitation is the basis of the
test as it is the relative amounts of deletion 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

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).
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
the greatest increase with age and is concentrated in the ciderly (Severi and English, 2004). The
relative density of NMSC 1s highest on body sites "usunally" 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).

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 determine 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
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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no evidence of nuclear excision repair for the repair of DNA photoproducts (e.g. cyclobutane
pyrimidine dimers) in mtDNA (LeDoux et al, 1993; Croteau and Bohr, 1997; Pascucci et al, 1997;

5  Sawyer and Van Houten, 1999). Second, each cell can coniain up to several thousand copies of the
mtDNA genome and mitochondria can therefore tolerate very high levels (up to 90%) of damaged
mtDNA through complementation of the remaining wild-type (Chomyn et al, 1992; Sciacco et al,
1994).  Together, these factors lead to accumulation of photodamage in mtDNA without
compromising cell function.

10 The use of mDNA damage as a biomarker for cumulative sun-exposure in human skin is a relatively
new field of research and previous work has simply compared mtDNA damage to distinguish between
sun-protected and sun-exposed skin (Pang et al, 1994; Bemeburg et al, 1997; Birch-Machin et al,
1998). This approach is limited because NMSC is predominantly formed on body sites which are
"usually” exposed to the sun when outdoors as opposed to sites that are "occasionally” exposed to the

15 sun (Armstrong, 2004). In an attempt to address this limitation, the present example demonstrates
that the frequency of occurrence of a rarely reported 3895 bp mtDNA deletion (only previously
deseribed in diseased muscle (Moraes et al, 1992)) is significantly different between body sites that
are "usually" versus "occasionally" exposed to the sun. In addition, the example demonstrates the link
between the etiology of the 3895 bp deletion with the UVR component of sunlight by inducing the

20 3895 bp deletion in vitro with repetitive sub-lethal doses of a UVA+UVB light source.

Methods and Materials

The ultraviolet radiation (UVR) in sunlight is widely recognized as the major determinant of non-
melanoma skin cancer (NMSC) in Caucasian individuals. Previous work by the present inventors and
others have examined the use of mitochondrial DNA (mtDNA) damage as a biomarker of curnulative
25 sun exposure in human skin. These studies have compared mtDNA damage between sun-protected
and sun-exposed skin. This approach is limited because NMSC is predominantly formed on body
sites that are "usually" exposed to the sun when outdoors, as opposed to sites that are "occasionally”
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 occutrence 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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repetitive sub-lethal doses of a UVA+UVB light source. The frequency of the 3895 bp deletion in
human skin provides a potential biomarker for cumulative UV exposure and provides an early
detection tool for NMSC development as well as providing a method of menitoring long-term safety

of clinical UV phototherapy regimes.

Patient samples

Clinically normal perilesional skin from body sites that are "usually" exposed to the sun when
outdoors (such as scalp, face, neck and ears) (epidermis n=21, dermis n=21, mean age = SEM = 69.4
+ 2.6) and body sites which are “occasionally" exposed to the sun (shoulders, back and chest)
(epidermis n=21, dermis n=21, mean age = SEM = 63.1  3.6) were taken with informed consent from
42 NMSC patients attending the skin cancer excision clinic at the Royal Victoria Infirmary,
Newcastle, UK. There are no significant age differences between the usually and occasionally sun-
exposed groups (p=0.158: two-tailed t test (Welch correction)). In addition, of the 42 patients, the
percentage of females:males were almost the same (i.e., 52%: 48% respectively) as well as the
percentage of BCC and SCC, with 57% of the patients having a BCC. Normal skin samples from
body sites that are rarely exposed to the sun (such as buttock and heel) were taken from previously
obtained postmortem samples (epidermis n=10, dermis n=10, mean age = 73y). Epidermis and
dermis were separated using 0.25% dispase at 4°C overnight (Durham et al, 2003} and DNA was
extracted using a Qiagen, DNeasy tissue extraction kit. Epidermal tumours, BCC (n=5), 8CC (n=3)
were obtained from patients attending for cancer excision. None of the patients used for this study had
a mtDNA defect.

UV irradiation of HaCaT cells

A spontancously immortalized keratinocyte cell line (HaCaT) (Boukamp et al, 1988) was grown in
Dulbecco’s modified Eagle's medium containing, 10% fetal bovine serum § TU per mL penicillin and
5g per mL streptomycin. The cells were grown to 70%-90% confluency in a 9 cm diameter tissue
culture-treated Petri dishes, washed in PBS and then irradiated every alternate day with a sub-lethal
dose (0.5 J per cmi® which is equivalent to 1 SED) of UVR using a helarium 40 W lamp (Wolff B1.01,
290-400 nm, peak emission at 325 nm). At appropriate time points, total cellular DNA was extracted

from the adherent cells using the Qiagen, DNeasy tissue extraction kit.

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-HCI, pH 8.3, 500 mM KCl, 15 mM MgCl and 0.01%
(wt/vol) gelatin). The PCR primers used were 1404 (5° CTT TTG GCG GTA TGC ACT TT 37 (404-
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423nt) (SEQ ID NO: 145) and H4676 (5* GAT TAT GGA TGC GGT TGC TT 3’) (4676-4657nt)
(SEQ ID NO: 146). Primers L404 and H4676 were designed to annea! outside the 3895 bp deletion.
During DNA amplification the short (30 s) polymerase extension time did not permit amplification of
wild-type PCR products, allowing only amplification of the smaller 375 bp product which represents
the deleted mtDNA species. The PCR conditions were 94°C for 10 rﬁin, 35 eycles of 94°C for 30 s,
56°C for 30 s, 72°C for 30 s, and a final extension of 7 min at 72°C. Amplification products were

visualised in a 1% agarose gel stained with ethidium bromide (0.25 g per ml).

DNA sequence analysis

The 375 bp PCR product was gel excised and purified using QIAquick gel extraction kit (Qiagen,
Germany) and cloned into a pCR®4-TOPO® vector using a TOPO®TA Cloning kit (Invitrogen, UK).
To confirm the identity of the 375 bp PCR product, the DNA was sequenced using automated DNA
sequencing (MWG Biotech, Ebersberg, Germany).

Radioactive PCR analysis

To detect low levels of the deletion generated by UVR, the PCR was carried out as described above
but with addition of 3pCi of [e-’P]-dCTP (Amersham, Buckinghamshire, UK). The PCR products
were then electrophoresed through a 6% non-denaturing polyacrylamide gel and exposed to a
phosphorimage screen for approximately 24 hours. The radioactive PCR fragments were scanned and

visualized by a Phosphorimager, using the ImageQuant software (Molecular Dynamics, UK).

Statistical analysis
Statistical analyses were performed using StatCalc (Epi-info. CDC, Alberta, Georgia) employing ¥,

Pearson’s ¥, Fisher’s exact and paired t tests.

Resulis and Discussion
Confirming the identity of the 3895 bp deletion
The miDNA deletion spectrum of NMSC and sun-exposed skin from a previous study (Durham et al,
2003) was re-analyzed. It was found that many samples harboured a deletion approximately 4 kb in
size. Following a search of the MITOMAP {(Mitomap, 2004) database, the deletion was identified to
be the 3895 bp species that was reported 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
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 **¢ 43¢ ®ocatacccegaa™ P42 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).
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A comgér-{sog-ogﬂ-lre frequency of the 3895 bp deletion in body sites which are usually sun
exposed versus those which are occasionally exposed

As the 38935 bp deletion was originally observed in NMSC samples taken from sun-exposed sites, the
present inventors addressed the question of whether the frequency of the deletion is a marker of
increasing cumulative sun-exposure. Using the deletion-specific PCR assay (see Materials and
Methods), the frequency of occurrence in 104 age-matched, split human skin samples taken from
usually, occasionally and rarely sun-exposed body sites was analyzed. There was a significant
increase in the deletion frequency with increasing UV exposure in both the epidermis (p<0.0001,
X'=31.36, 2df: Pearson’s ¥ test) and dermis {(p<0.0001, =28.68, 2df). Figure 8 shows an increased
frequency of occurrence of the 3895bp deletion observed with increasing sun-exposure. Figure Saisa
representative ethidium bromide stained, agarose gel showing a greater frequency of the 3895 bp
deletion in body sites that are usually exposed (upper panel) to the sun when outdoors as opposed to
those which are occasionally sun-exposed (lower panel) (D, dermis and E, epidermis). The positive
control represents a sample with the 3895 bp deletion that has been confirmed by sequencing. Lane |
in both panels prepresents molecular weight markers (Hyperladder TV- range 1000 -100 bp, Bioline,
London UK). The same amount of template DNA was added to each PCR reaction. Figure 8b is the
histogram showing the frequency of the 3895 bp deletion in 104 split skin samples taken from
different sun-exposed body sites.

Importantly, there was a significantly greater deletion frequency in body sites that are "usually" sun-
exposed compared to those that are "occasionally” exposed in both the dermis (p=0.0018, %*=9.72,
odds ratio 8.5; ¥’ test) and epidermis (p<0.0001, ¥*=17.53, odds ratio 40) (Figure 8b). The deletion
was not detected in the body sites that were "rarely" sun-exposed (Figure 8b). As the mean ages, sex
ratios and tumour type from which the perilesional skin was taken were very similar between the
usually sun-exposed and occasionally exposed groups (see Materials and Methods), the findings are
unlikely to be confounded by these factors. In addition, there was no statistical difference in the mean
age values of those samples that harbored (i.e., mean=66.95+2.84) and did 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
study of the 4977 bp common deletion (Dur‘ham et al, 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.

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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deletion (Wei et al, 1996; Mitomap, 2004). As a result, the majority of previous studies have tended

to focus on the spectrum of deletions in the major arc region. It could be due to this "research bias"
that the 3895 bp deletion has a low reported incidence in the genera'l literature. Alternatively, the
3895 bp deletion may naturally occur at currently undetectable levels in normal tissues, which is then

enriched in the skin through exposure to UV,

Absence of the 3895 bp mtDNA deletion in bloed

The 3895 bp deletion has only previously been reported in diseased muscle (Moraes et al, 1992).
Apart from the present study in skin, the frequency of occurrence in other tissues is unknown. The
present inventors investigated the deletion frequency in blood, by performing the deletion-specific
PCR on 16 blood samples taken from patients of a similar age group to those of the skin samples.

None of the blood samples were shown to harbour the deletion (data not shown).

Generation of the 3895 bp deletion in cultured HaCaT cells by repetitive UV irradiation

To assess the causal relationship between the cumulative amount of sun exposure and the frequency
of occurrence of the 3895 bp deletion, it was necessary to investigate the effect of sunlight in vitro,
As sunlight contains both UVA and UVB, an helarium lamp (Diffey, 2002) was used to provide an
extensive series of repetitive sub-lethal UVR dose regimes in an attemnpt to generate the 3895 bp
deletion in a human epidermal-derived (HaCaT) celt line. The optimal UVR repetitive dose strategy
was one in which the deletion was generated without a significant degree of cell death. Using a
radioactive PCR-based assay, we demonstrated that the first signs of induction of the 3895 bp deletion
in acherent cells was observed following 17 alternate daily doses of 0.5 J per em’ (i.e., 1 SED) of
UVR.

Figure 9 shows that the helarium lamp (UVA/UVB) induces the 3895 bp deletion in HaCaT cells after
17 doses of 0.5 T per cm®* UVR. HaCaT cells were irradiated with 0.5 J per cm’ (i.e. 1 SED) of
UVA/UVB every other day for a total of 19 doses. Total cellular DNA was extracted from adherent
cells and 100 ng was subjected to PCR to amplify the 3895 bp deletion. The first signs of a UV-
inducible increase of the 3895 bp deletion was observed following 17 repetitive doses of UVR. The
positive control is DNA from a tumour sample harbouring the 3895 bp deletion, whereas the negative
control does not contain DNA. Furthermore, as sub-lethal UVR doses were used, the level of the
deletion was maintained in the cell line following two subsequent UV doses, a property that is
important if the 3895 bp can be used as a putative cumulative biomarker of sun exposure in human
skin. This is of interest given the very recent findings of Berneberg er a/ (2004) (published during
manuscript revision), who have demonstrated in vive that the UV A-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
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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bp common deletion has been generated by repetitive doses of UVR. Furthermore, in contrast to the
Bermneburg study that utilised fibroblasts, the present experiments have been performed on a cell line

derived from keratinocytes and it is this cell type that gives rise to NMSC.

Functional significance

The regions that are deleted in the 3895 bp deletion are from the mtTF1 binding site in the D-loop to
tRNA methionine. Deleted genes include 12s rRNA, 16s rRNA, ND1 and also the promoters for
transcription of both the H and L strands. A certain threshold of wild-type:deleted mtDNA must be
achieved before an impairment of mitochondrial respiratory function is observed (Sciacco et al, 1994),
For protein-coding mtDNA genes, such as those removed by the 3895 bp deletion, the threshold value
for mitochondrial respiratory chain dysfunction is around 65% and above (Hayashi et al, 1991;
Chomyn et al, 1992). For example, previous work has shown that human skin samples harbouring
<25% of the 4977 bp mtDNA common deletion, do not exhibit a deficiency of mitochondrial function
as determined by dual histochemical staining of cytochrome oxidase and succinate dehydrogenase
activities (Durham et al.,, 2002). Since there is no functional histochemical stain for the 3895 bp
deletion, the deletion was quantified in the patient samples using Southern analysis. In the presence
of appropriate controls, this analysis failed to detect the presence of the 3895 bp deletion thereby
suggesting that the levels of the deletion are below 2%-5% (results not shown). Therefore based on
the previous work with the common deletion, the levels of the 3895 bp deletion in the patient samples
are unlikely to cause any functional effect across the entire dermis or epidermis although small focal

effects cannot be ruled out.

: Putativg mechanism

It has previously been suggested that the mechanism for the generation of the common deletion
involves intragenomic recombination event via slipped-strand mispairing and may oceur at the 13 bp
repeat DNA sequences flanking the common deletion (Schon et al, 1989; Shoffner et al, 1989; Mita et
al, 1990; Degoul et al, 1001). As the 3895 bp deletion is flanked by 12 bp repeats, its generation may
occur by a similar mechanism. The mechanism for the generation of the common deletion proposes
that the 13 bp repeats are susceptible to DNA bending thereby allowing a small region or “bubble” of
single-stranded DNA to open (Schon et al, 1989). The present results suggest that UVR may be a
contributing factor in the generation of the 3895 bp deletion. The mechanism for this may occur 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

is significantly different between body sites which are "usually" versus "occasionally" exposed to the
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sun when outdoors. Investigation of the 3895 bp deletion in the same NMSC samples used in a
previous study of the 4977 bp common deletion showed a comparatively greater frequency of
occurrence of the 3895 bp deletion. In addition, the link between the etiology of the 3895 bp deletion
with the UVR component of sunlight has been established by inducing the 3895 bp deletion in vitro
with repetitive sub-lethal doses of a UVA+UVB light source. The frequency of the 3895 hp deletion
in human skin provides a potential biomarker for cumulative UV exposure in human skin and may in
turn provide an early detection tool for NMSC development as well as providing a method of

monitoring long-term safety of clinical UV phototherapy regimes.

Example 14: Real-time PCR analysis of the 3895 mitochondrial DNA delection in NMSC and
its use as a quantitative marker for sunlight exposure in human skin

Materials and methods

Human Stin Samples

Tumour and matched perilesional skin samples were taken with informed consent from patients
undergoing excision of a NMSC, namely Basal Cell Carcinoma (BCC) (n=5, age range 55-89 years,
mean 78 years) or a Squamous Cell Carcinoma (SCC) (n=5, age range 70-87 years, mean 78 years) at
the Out-Patients Clinic, Royal Victoria Infirmary, Newcastle, UK. For the sun-exposure studies,
clinically normal perilesional skin was taken from body sites which are ‘usually’ exposed to the sun
when outdoors (such as scalp, face, neck and cars) (epidermis n=30, dermis n=30, mean age = SEM =
70.45 +2.161) and body sites which are ‘occasionally’ exposed to the sun (shoulders, back and chest)
(epidermis n=22, dermis n=22, mean age + SEM = 63.77 + 3.501). There was no significant age
differences between the usually and occasionally sun-exposed groups (p=0.1134): two-tailed ¢t test
(Welch correction). For all perilesional skin samples, epidermis and dermis were separated using
0.25% dispase at 4°C overnight (Durham et al,, 2003) and DNA was extracted using a Qiagen,
DNeasy tissue extraction kit. None of the patients used for this study had a mtDNA defect.

PCR analysis

The PCR was carried out in a 25 pl reaction containing 200 ng genomic DNA, 600 nM of each
primer, 250 uM dNTPs, 0.6 u/reaction Amplitaq Gold DNA polymerase (Applied Biosystems),
GeneAmp buffer (containing, 100 mM Tris-HC], pH 8.3, 500 mM KCl, 15mM MgCl and 0.01%
(w/v} gelatin). The PCR primers L.404 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 cyeles 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

were visualised in a 1% agarose gel stained with ethidium bromide (0.25 pg/ml).
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This has been improved twice, first using Deep Vent (New England Biolabs) and then by a further
improvement to sensitivity using Roche Faststart Taq. This has allowed one to move from measuring
the deletion on sunexposed samples of aged patients, to being able to measure the deletion in young

patients..

Real-Time PCR Analysis

A reliable TagMan-PCR assay has been established for the quantification of the 3895 bp deletion.
The quantitative TagMan-PCR method provides real-time measurement of target input as PCR
accumulation through a dual labelled probe. The probe anneals between forward and reverse primers
and it is cleaved by the 5°-3” exonuclease activity of Taq polymerase during the PCR extension phase.
Thercfore, the 5’-terminal reporter dye FAM (6-carboxyfluorescein) or VIC and the 3’-terminal
quencher dye TAMRA (6-carboxy-N,N,N’,N’-tetramethylrhodamine) linked to the probe are
separated, resulting in a fluorescence emission of the reporter dye. The probe is not able to serve as a
primer itself because it is 3’-terminally blocked with a phosphate group. The method uses an internal
standard probe (IS-Probe, Table 1 and Figure 10) in the cytochrome b region of the genome (Koch et
al., 2001), to estimate total copy number for mtDNA (i.e deleted and wild type). The level of 3895 bp
deletion is determined by a probe (3895-probe, Table 9 and Figure 10) which spans the break point of
the deletion ensuring that it is only amplified if the deletion is present. Quantification of the level of

deletion is determined by comparison of the ratio of the internal standard to the 3895 bp deletion.

Amplification reactions were performed as 25ul triplicates in a 96-well microplate. Total mtDNA and
deleted mtDNA reactions were amplified in separate tubes, each containing 100ng of DNA, 1X
TaqMan Universal Mastermix (ABI), 300nM of each internal standard primer (ISF and ISR, Table 9
and Figure10) and 100nM of the IS-Probe, or 300nM of each 3895 bp deletion primer (3895F and
3893R, Table 9} and 100nM of the 3895-probe (Figure 10). PCR and fluorescence analysis was
performed using a ABI Prism 7000 (Applied Biosystems, UK). Amplification conditions were as
follows: 2 minutes at 50°C, 10 minutes at 95°C followed by 40 cycles of 15seconds at 95°C and 1
minute at 60°C. The R, value is target reporter signal normalized to the passive reference, a dye
included in the TagMan reaction buffer. AR, is defined as the difference between R,* (R, of a reaction
containing all the components including template) and R, (R, of a no template control). The cycle at
which a statistically significant increase in AR, is detected first is called the threshold cycle (Ct).
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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cancer and sun exposure, but it can also be used for the detection of other rearrangements.

Figure 10 shows the localisation of PCR primers and TagMan probes and is a schematic
representation of the mtDNA genome containing the 3895 bp deletion. Primers ISF/ISR and IS
Probe, anneals to both wild-type and deleted mtDNA. Detection of the 3895 bp deletion was
performed with primers 3895F/3895R and 3895 Probe. The specific 3895 probe only anneals to
deleted mtDNA as it binds across the deletion junction. In addition, the occurence of the 3895 bp
deletion brings together the deletion specific primers (i.e. 3895F:3895R and L404:H4676) close

enough to allow generation of an amplicon under the given PCR conditions.

TOPO TA Cloning

Cloning of both control region and 3895 deletion were carried out using a TOPO TA Cloning kit
(Invitrogen, UK) according to the manufacturers instructions. TOPO TA cloning takes advantage of
the nontemplate-dependent terminal transferase activity of Tazg polymerase that adds a single
deoxyadenosine (A} to the 3’ends of PCR products. The linearised vector supplied with the kit has a
single, overhanging 3’deoxythymidine (T) residue, allowing efficient ligation between PCR product
and vector. The presence of an insert of the correct size was confirmed by EcoR1 restriction fragment

analysis in the vector pCR4-TOPO.

Results

Establishment of a Quantitative Real-time PCR assay for the 3895bp Deletion

After determining that it was possible to reliably detect and quantify the percentage of copies of the
mitochondrial genome harbouring the 3895bp mtDNA deletion, the linearity of the two PCR reactions
using either the internal standard probe (IS-probe) or the 3895 deletion probe (3895-probe) over a
wide range of template concentrations was examined. In both cases, template DNA was generated by
cloning the appropriate PCR product into a cloning vector (see methods). The concentration of each
template was determined fluorometrically (GRI, UK), and real time PCR amplifications were
performed using between 50ng and 50pg of template DNA for each probe (Figure I1). The
relationship between the CT value and the template concentration was linear for both the 3895bp
deletion (r=0.9952) and the internal standard (r=0.9941). In addition, the gradient for amplification of
each templaie was the same. This confirms that each template is amplified to the same degree of
efficiency. As a result, the CT values can therefore be used as a measure of template DNA and to
quantify the relative amount of 3895bp deletion to wild type mtDNA. The ability of these standard
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,

vertical axis) at decreasing concentrations of template DNA (dilution range from 1/10-1/10000 of
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prostatect an%ﬁéatkm of the 3895bp Deletion in Tumours
5  The level of the 3895bp deletion in both NMSC and histologically normal perilesional dermis and
epidermis was determined by both real-time tagman PCR and a previously established standard PCR
assay (Figure 12). It was found that the levels of the 3895bp deletion quantified by real-time PCR

were generally in concordance with those estimated by the standard non-quantitative PCR analysis.

Figure 12 shows realtime PCR quantification and standard PCR amplification of the 3895deletion in
10 tumours by showing ethidium bromide stained, agarose gels showing the incidence of the 3895bp
deletion in tumour (T) and histologically normal perilesional dermis (D) and epidermis (E) from both
BCCs and SCCs. Below each lane is shown the level of the 3895bp deletion illustrated as a
percentage in each sample as quantified by realtime tagman PCR. Those satmples marked with “ND™
are determined to be zero as the CT of the realtime PCR was 536, which is the level observed in the
15 no template control. Lane 1 in all panels = molecular weight markers (Hyperladder IV- range 1000 -
100bp, Bioline Ltd, London UK). The same amount of template DNA was added to each PCR

reaction.

The simple pattern of occurrence of the 3895bp deletion in BCCs was generally similar fo that
20 observed in SCCs. In both BCCs and SCCs, the deletion was present in 3 of 5 patients (although not
the .s‘:ime patients). In the perilesional skin the presence of the deletion was more frequent in the
dermis (4 of 5 for BCCs, 3 of 5 SCCs) compared to the epidermis (2 of 5 BCCs, aﬁd 1 of 5 SCCs).
However, although the absolute number of samples is small, there are differences between the BCC
and the SCC results when one considers the actnal level of the deletion rather than its simple pattern
25 of occurrence. For example, for those samples where the deletion was present in both tumour and
perilesional dermis, the level of the deletion was greatest in the dermis for SCC patients whereas the
reverse tended to be true for the BCC patients. In addition, it was interesting to observe that BCC
samples taken from 2 distinct areas of the face showed vastly different levels of the deletion (i.e.
7.14% versus 0.02%) which may reflect variation in the degree of cumulative sun-exposure. It was
3¢ decided to investigate this aspect further by determining the level, as opposed to the pattemn 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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CCAACTATCTATAAACCTAGCC 31 9247f 19 GCCCATGACCCCTAACAGG 32 9868r
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5  when outdoors was examined. Figure 13 shows a typical example of an ethidium bromide stained
agarose gel of the 3895bp amplicon and the corresponding level of 3895bp deletion as detected by
realtime PCR in three pairs of usually and occasionally sun exposed samples. Figure 13 shows the
realtime PCR quantification and standard PCR amplification of the 3895deletion in usually sun
exposed and occasionally sun exposed representative ethidium bromide agarose gels showing typical

10 examples of their corresponding level of 3895 deletion as detected by realtime PCR of three pairs of
usually sun exposed and three pairs of occasionally sun exposed samples. The level of deletion is
represented as a percentage. Lane 1 in both panels = molecular weight markers (Hyperladder V-
range 1000 -100bp, Bioline LLtd, London UK. The same amount of template DNA was added to each
PCR reaction. The positive control in both panels is the tumour DNA from which the PCR product

15 was cloned and sequenced to produce the template for realtime PCR. A comparison of the levels of
the 3895bp deletion detected by realtime PCR with those detected by standard PCR again showed a

good correlation between the two techniques.

It was therefore decided to analyze all the samples using the quantitative Real-time PCR assay. The
20 results from this analysis clearly showed an increased incidence of the 3895 bp deletion with
increasing sun-exposure. Figure 14 is a scatter plot showing the quantification of 3895bp deletion in
usually sun exposed and occasionally sun exposed skin. The levels of the 3895bp deletion are
expressed as a percentage in usually sun exposed and occasionally sun exposed dermis and epidermis,
as determined by realtime tagman PCR. The mean level of deletion is indicated by a horizontal line

25  for each set of samples.

In specific terms, the quantitative Real-time PCR analysis showed a significantly higher level of the
deletion in the usually sun-cxposed samples when compared to the occasionaily sun-exposed samples
(p= 0.0009 for dermis, p=0.008 for epidermis; two-tailed t test). Interestingly, the dermal samples
30 harboured a higher frequency of the deletion than the epidermis (p=0.0143 occasionally sun exposed,
p=0.0007 usually sun-exposed). As the mean ages, sex ratios and tumour type from which the
perilesional skin was taken were very similar between the usually sun-exposed and occasionally

exposed groups {see methods), the findings are unlikely to be confounded by these factors.
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3895F

491-508 3-CAA CCCTCG CCC ATC CTA-3’SEQ ID 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

ID NO: 153

5’-TGC TAA CCC CAT ACC CCG AAA ATG TTG G-3'Tanva SEQ

L404

404-423 3’ CTT TTG GCG GTA TGC ACT TT 3”) SEQ ID NO: 145

H4676

4676-4657 3" GAT TAT GGA TGC GGT TGC TT 3) SEQ ID NO; 146

15

20

25

30

Example 15: Confirmation of biopsy test

Previously unused needle core biopsy samples were recovered from the prostate sample archives: 62
benign, 49 malignant, 30 biopsies proximal to tumor yel conlaining no malignant cells, Overall, 141
total samples, as well as 7 additional samples, 6 for standard curve generation, and 1 negative control
(reagent/reaction contamination) were analyzed. The complete assays were replicated three times,

once each by three independent individuals.

The Artificial Neural Network {ANN) was blindly queried with benign samples adjacent to, or
proximal to a tumour. In addition, some samples, determined to be distal to the tumor {mapped to this
location after prostatectomy), were also included. The outcome was that ‘normal’ tissue in close
proximity to tumor, had an elevated frequency of the 3.4kb deletion, consistent with neighboring
malignant tissuc. However, distal benign, retained its benign signature (Figure 15). .This test wiil be
able to confirm malignancy based on normal tissue obfained from a location near a tumour and is
based on the 3.4kb delction research. It has been shown that moecular changes in mitochondrial DNA
(i.e. the deletion) occur and preceed detectable morphologicla changes in the fissue. Hence a tissue
region of a sample that may appear normal or benign o a pathologist under visual observation may
have started to accumulate mutations on the path to malignancy. This capability is a great
complement to the existing clinical practice of prostate biopsy and histological diagnosis by a
pathologist. The use of the PSA test to sereen for prostate cancer results in a large number of biopsy
procedures with an estimated 70% failing to exhibit malignant cells. These biopsies are diagnosed
benign and may be divided into two categories: true benigns, that is, no tumour is present in the
prostate; and false benigns, where tumour is present in the prostate butl the needle biopsy procedure
failed to sample the malignancy. Through molecular testing of the benign tissue , one can either
reassure those individuais in the true benign category that they are indeed benign such that they may
be followed less closely with fewer or no follow-up biopsy procedures, or provide an earlier detection
of a malignancy that is causing symptoms but is not yet detectable with the biopsy procedure,
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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23 TGGAGICCTAGGCACAGCTCTAA 59 6154r 24 GGAACTAGICAGITGCCAAAGCCT 60
69111 24 TGCAGIGCTCTGAGCCCTAGGATT 61 7082r 26
GAAGCCTCCTATGATGGCAAATACAG 62 7829f 25 CGCATCC | 11 ACATAACAGACGAGG 63
8029r 24 GGCTTCAATCGGGAGTACTACTCG Bl ood Priners (prostateetony) SO
ID NO Pr H!%[lrallm%ragc} &nﬁ#natl%t%%ﬁe c§rren§b1ﬁ)_$ ar]la é@fhic%‘%s apgued by high numbers of false
GAACTGTATCCCACATCT GG TCE 65 9107 ées$% Sarares 66 1644
26 CTTBTRACPETNAGTTGEGTGC 1 1 1 G 67 615f 24 ATG1 1|
AGACGGGCTCACATCACC 68 1488f 24 CGICACCCTCCTCAAGTATACTTC 69 2612r 28
GGAACAAGT EATDATIGCPASstatd Tumdur@®@d)ping0 2417f 23 CACTGTCAACCCAACACAGGCAT
71 3641r %g

additional potential outcome of the research undertaken for the tumour behavior marker discovery
5 s the ability to provide a three dimensional model of the location of the tumour within the prostate
based upon the sextant needle biopsy specimens. The 3.4kb deletion’s capacity to reflect the presence
of malignancy in neighbouring benign tissue will be critical to this mapping procedure. This map

would provide the urologist and oncologist a virtual model of the prostate tumour and may assist in

treatment decisions.
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FACGCCGGCTTCTATT-3 ' SEQ ID NGO 142 TNF forward (3756-3775) SEQ ID
NO 143 5" -CCTGCCCCAATCCC I | I ATT-3" TNF reverse (3866-3886)
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Geor ge Hahli®yhoadid] Mshsginh. APbcidiotod SIEISE) 1GsBkgé1dal | ey, Eppendnf - 5
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Anal ysis 5Thermal cycling, real-tinme detection and anal ysis of the
reactions was carried out using a DNA Engi ne Opticoe 2 Conti nuous
Fl uorescence Detection System equi pped with Intuitive Opticon Monitor

software (MpRaSER! flkoh, %J?AveF;hEJS&W&I é1c g 5k %rft@ﬁw BﬁAei&%
Y

for DNA quafid oh@rﬁi Dﬁﬁ -of %o&%';ﬂ Slﬁn §(ﬁ'ﬁp] enta&dn fou P3nokdriddls 14,
105, 104, 3937 1 of three purif PCR generated tenpl at es,

one product for the 3 4 del etion, one for the 12s priners, and one
for TNF.  16e HFComult bﬂEBSL&Afyse_;ez;dgﬁj gpent standard curves were
generated show ng the nunber of copi es of total ntDNA (I2s

anpl i con-t aealCya: tloghbrBdsdhab. Ayen@nEs2():30816)19993. 4 del etion or total
nucl ear DNA ( TNF-si ngl e copy nucl ear gene priners). The CT val ues of
t he sanpl edecd@, e Holen 4 b ee i HedFdderatidveof Humrbern Bodehddhide! Sopities 44y 292-
conparing 2#e!%8&nple CT to that of the standards. The 3.4 del etion
was considered to be absent or at low levels if the deletion was not
det ect ed wiletrd BFhapyei¥d. 15 The determi nation of nali gnancy is

based upon the q]gantl ty of the 3.4kb del etion present in
nor mal i zed63 ha@r&ta#eafaéaafﬁ%a@ieateé’éaﬂﬁ%mﬁn trﬁéfhe%thelands Harwood

thr eshlol d. Afnﬁeg*nl’dielésttf&r%%ﬁ@ & 7ei t her absol ute as in greater than
25 t
o St e ERReBP A e AP S BT

t he 3. 4kb ion. This may be expressed as a per cent of the total
m t ochondr 'L?hln . 1&g nunber of cells, as reprsented by the 20TNF
anplicon, may I ncorporat ed to refine the distinction between

beni gn and LiEdd, QQ@QH WEiSEH @S viron. Mol MiBgA30ES: 4*/@5 agypmat e the anal yses
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| ear ni ng i & $a&EE. 200 BMER S¥HHBIMh R4 TAGH 1 REE@EHQE isQuHagR TREe bmsrgkaamn
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ot hers have exam ned the use of mtochondrial DNA (nt DNA) damage as a
bi omar ker of cunul ative 25 sun exposure in human skin. These studies
have conpé9red: ¢ Diglecdanhgliotdt weeaginstH- heo e Aoatladhdchem Edx Fodidiguro, S.
ski n. Tm%%bg@’b%eﬁe-@owwweah%éw&@eﬂm’s@?feafgfmedﬁmrﬁ@ﬁln lefieyys b cle
on body st es3t5h are "usual ly" exposed to the sun when outdoors, as
opposed t t hat occ sun-exposed and as such they
differ inﬂflﬁ 'ﬁ%@ﬁ "éﬁ?&%&”@jﬁgﬁﬁﬂ n an attenpt to address this
limtati | | f rrence of
a rarel yoj{rﬁdec}ﬁﬁdir1 ﬁfé%’%‘@“ %%%g 6‘%%’ r@i oéne”%n %y 32%68q§rg¢]ched human
ski n samplgsnd 2kRe hiam mdk YoanQEHAH AR @d?)ﬁ N@&&me 1RHBeSEd
body sit @SmadiN@h@nidaSnt 2084 gni icant increase in tion
frequency with increasing U exposure (p<O. OOOI) and of |nterest

t here wasN#iagk, ®K. fV&RRdkIYal @i Rak SFrinthe) Cdrd PHYsibdm@AUBRNC Wsy-Rd.REYDBIA es
that are Exugaua:uzyareﬁyomee(pqeepbwormar ed to those which are
"occasional | y" exposed in both the derms (p=0.0018) and epiderms

( p<0. 000 WewtdnpZRa1d Gahding . dhrdheiod 8B idapigete Seticsks 0907 N t he sanme NVSC
35sanpl es used in a previous study of the 4977 bp common del eti on,
showed a @dimrp8&l, dnderisll YAgr@ateerpréio@épueinensn géretodr T Bhic 2, 8998 he 3895
deletion (8/10 vs 4/10 respectively), although this difference was
not st at i@aen Makta) Peosgid Yi204A471.199H addition, the exanple furthers t he
i nk between t he et|oI (&gy of the 3895 b deI et|on wth t

conponent?P28% CsYimkge ng, FrHu‘E‘l ¥-Hell El‘éff’é‘t‘?‘i?ﬁ“q”ﬁl QN{*F“?JEW% h
repetiti \Pésoslﬁtﬁdl”é]f te’@B%’ées WBECWW Ppg $4%ource. The frequency

of the 3 | e vi des a potential biomarker
f or curru?%fso\’fe %a d‘é‘ﬁ "é‘ef Eﬁag?@yﬁg’ @5-};n early 5 detection tool

for NVBCglgyel %Oft%nstee Yk PO 00 TEAAL AL, (9900
| ong-ter @)"’Jf éalr A- @\jo 1@7 Q\% %%‘Eésp%y S|tes ,E:lhnalridl A§ﬁ}fp,§§ﬁ

Cllnlcall erilesi
"usual | y" exposed to the sun mhen outdoors (such as scal p, face neck

and ear s)peh@ s d%ﬁﬂn%h@%hsn@%ﬁ@@p&m%bvc MPa{IR&0Leg, SEMa3, #9:4 10

2.6) and body sites which are "occasional | y" exposed to the sun
(shoul dermlysbace anMdnehesie) 24 gpbgierm] ®9n=21, derm s n=21, nean age
SEM = 63.1 3.6) were taken with infornmed consent from 42 NVSC

pati ent s Raytadidilageitl heTekér®R, Mdaie O, Roes s iBomh-bathin BfAat/. et Royado!

Vi ct ori a I1h@):6He679,,2008wcast | e, UK. There are no significant age

di fferences between the usually and occasional ly sun-exposed groups

( p=0. 158:Rayid-Regs |Le Bireh-Meehin ¥i{he | it/ Sgrraed 140188) 1999 n addi tion, of the

42 pat| ents, the 15 percentage of females:males were al nost the sane

(i.e., 53 AA@M&BE@W@@FW é fmrleeagaf?fhléOé%% d&%t age of BCC and

oy lﬂ% theflp % t R T SR
OUS

heel ) wer® ﬁa“f EIS y obt ai ned post nort em sanpl es
(epi der mR%hﬁarélogg?ﬁamoﬁaa@#g@esr}ga&ngeg§44—78783},§)) 1o6pi derm s and dertnis

wer e separate i spase at 4C overnhight (Durhamet al,
2003) ancekhifh W@Satad®, WX agdest . @sba%qneazgﬁg@m [Measy tissue _
extraction kit. Epi dermal tumours CC (n=5), SCC (n=5) were obtained
f rom pat i REESeakkemtiAd/ste1GuLRNSLS IneXeiosi on. None of the patients
used for this study had a m DNA defect. UV irradiation of HaCaT cells
A spont arteeus)y.Ei &ivan Habterz 8d(1REN). Repariod PN doerdalre hintiecldrid@a Tuiaf Boudddmp
et al, 1988yéwas grown in 25 Dul becco's nodified Eagle's medi um
containing, 10% fetal bovine serum5 111 per ni penicillin and 5g per
mL st r eptSohgpcE-A.. Kidgetodh| Merageet d ., Jlakamn H.@eviane M 0% e mirb.ue AGH9)i Adimecd cm
di anet er refeaidiachatmpt forlarse-sekdelgtiomef himegingleehondrghBNéd StiencRBSL ANt hen
irradi ated every alternate daﬁ with a sub-lethal dose (0.5 J per_cm

which is fg&m% |Bsiner 8 W, GaE) Hedee HUMUE BT 24 brvencs M &nowienls, Weiss

and Wallace DC., 4m. J. Hum Genel. 46:613-623,1990
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15 As sunlight contains both UVA and UVB, an helariumlanp (Diffey,

2002) was used to provide an extensive series of repetitive

sub-lethal UVR dose reginmes in an attenpt to generate the 3895 bp

del et i on | FFRch hvtorilai Eeheh EdertiVewo HEaHaet o] (P EIStEoR T Heroe

UVR 1 epet i R yemgesdslesipn formssf mibNAdnpormal apghiegiratiqiedefieipnt e (e from

gener at ed RAFEHOHE Bitehydritimgamivadyr M8 Geee i 1> eat h. Using a

radi oacti vg.PCR- ed.assay, we d rat ed i fiLst signs of
§ (F I\tffggg%al Erc}? é?f%[??’éﬁ??gomeﬁﬁé’a%e@gﬂlttm%‘2(?%15 f9r9§

i nducti on ‘o tHe bp d 5 'Wwas observed

[Jt)/:?l OWiFingu%é’- \j?o %Qtaai.el g@c{iﬁel doggﬁémfﬁ%pali—afno%f Wisﬁﬁggéﬁngﬁg}%m
3895 bp de&sﬁrﬁ%aéﬁiﬁ%@%&éﬁ%ﬁaf%oéﬁa. ol R T
cell's were irradiated with 0.5 J per cn2 (i.e. 1 SED) of
UVA/ UVB evakYridddde et A aYhidr@div@chiot @bsa@tind Berd D@l for Sk liade DNA

was ext r achashifatiom a8hneLent Datd andyBls| IBER Bk rdddinal Goiarence UR MG in@diatafd BER
to anplifydphe 3895 bp deletion. The first signs of a UV-inducible

i ncrease of the 3895 bp del etion was observed following 17 repetitive
doses of A&, Jinkhvek,[Shsdidervan, Ban) i rRakk-bysFdablle Fraaenak oy Mdttctis@Fyplaeation of

har bour i ngMiltiémabalipra elilesppemn jn tjeured sinfoheatios Yatdlizeti a0 [pdthoes

not contain DNA. Furthernore, as sub-lethal UVR doses were used, the

| evel of t¥ve, Jdetoek.iSbreideasanyBemd &erfel)-Faautdlgapeldrk for Hesup ooy gdinemsional
subsequent DagyEdiaretion Gingrlgpdtimensiprrd Prajestio@ (Prpqrpiitt Iafelvis 2004thep. 8895 bp
can be used as a putative cunul ative biomarker of sun exposure in
human ski rﬁeoqﬂm“swiz&wderlmre?@s{m pepempletips pAMyviEEBasionplddiciegg ppata:
Beneber g etcadgrpip! ﬂrgn%( e151Gmearel Btp ¢ nipddiaitisearr it He @A 085 -8 S - Tkt 80,
have demone¥AtSsiR¥2A%%3I%0 that the UVA-induced common del etion may be

present 16 mont hs fsglf!g&w ng ge?f;sea}ti,oe f ilrnr eirat%},o s ;Ifhe ults. [EEE
2, Jinswak. Shacidenpay, Ben, 1 g freray; g R,
s 5?8'%@;*;;% e £
thereby r eﬁ%eﬁn%tof-c ARESarC RO % didies BBl 1%:'1 m%;vg W T 4 F’z‘szs o,
rose pr e A R e R

al one (Benebu

First timesd Gflst isARiRRS, B @Rid-R5Mh ChslRR if SRR ARL L 5RBeNBRaREEN

gener at ed QY h@REELYbiNSg HRRES 19k CMBinaled VIREL MYRin KidwiABY, T@dhicdl Reddde
Ber nebur g studod-batosrkl | 1 sed fibrobl asts, the present experinents

have been perfornmed on a cell |line derived fromkeratinocytes and it
i s this ceddvedt, Y& Brldhdh, DI04y, IBLripve MMBGhiobEpETekin 0fdér. i Rybichi@an e
The regi onSarkthatlilabeErwbétrad & Bnglikte DIB@Es),bipl.depret/i-8h Caner Preasmtibrhe ancer
nt TF1 bi ndidugssKitreeri Avedeec Brbligo. t o t RNA net hi oni ne. Del et ed genes
include 12s rRNA, 16s rRNA, ND1 and al so the pronoters for

transcri ptStenkepfl Vbt K, tDveghdrtaAdlanigt REnAshanaS,Fatetid. rCytdnrees ALBH3BHII5

wi | d-type: del et ed nt DNA nust be achi eved before an inpairnment of

m t ochondr¥hay I'We¥pibindl- oMfyes GercSP:dr®il88obser ved (Sciacco et al, 1994).

10 For protein-coding nt DNA genes, such _as those renoved by the 3895
bp del et i Gt TRPEShEY AoORIE FGF i POehoHanP% 1 espiratory chain
dysfunctiof | oynd %.and .abov ashi. et 1 ; Chocg%n 21
al, 1992) I vg%r%%ﬁgrown%ri%\?@ré%ggg %ﬁ%l%igﬁnﬁﬁ%%ﬂ lh;gee]asr%g M,
sanpl es ha@ag?w}wgﬁ_ 4)?;'93 he 49 p nt cohmon del'étion, do not
exhi bit a dericiency of "mtochondrial function as determ ned by dual
hi st ochem galm&LaiNLAY Mot OYIQENARTB.QXIAZSL, B0HSUBU. R Ellace, D.C. (1989).
dehydr 0gengsfianebms ©abls Shirk AR kiU IR Bkhafh leaﬁggé yndranRG&olied Qith § NO

functi onal i 8iRENER L alletdha Mp fPlicatifemBPmaBR A 8RN, PLPRARLRI QNS
was quantifiggthokNgt he patient sanples using Southern analysis. In the

presence of appropriate controls, this analysis failed to detect the
presence findheK359MdIpadRpbealitino 0 St heEe hyicat goasddingmedidte. t he | evel s
of the delwbi/onvadremdbow. BY8HY (results not shown). Therefore based
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1 ug/ul tenplate) or the 3895bp deletion (A) or wild type internal
standard (B) are shown. There is a linear relationship between

tenpl ate co t dt t hreshol d e nuwrper (CT), far th
a1 cAvEpe: Mt STk | EpreBand kit Thot “ohrt drerthy g r-38

i ndepende observations. Quantification of the 3895bp Deletion in
Tumours SThG gl BYELMAk 08 RESAOH AELebhon.din; RapD MEGsand

hi st ol ogi cal'l'y nor mal perilesiona derim’s an epi derni’'s” was

det er mi ned,; o] =L ' 3 eyl I ' d
ot andar d B e P s PP R PP R
3895bp deletion quantifred by real-tinme PCR were generally in

concor dargde Wctaid 50ake 08t ARRUC BrRYAINE sstagaghasd, vom- quantitative PCR
anal ysis Figure 12 shows realtime PCR quantification and standard PCR
anpl i fi cakmom Soét al. Ber. BE&BbagiRIs (@yB 163 14,009nour s by show ng et hi di um
brom de stained, agarose gels showi ng the incidence of the 3895bp

del et i on Tamke,Mretial, (993, farvanaled s¢qptroge obhiDN A dferfalis Permd! @$t.ciadk2der m s
(D) and epiderms (E) fromboth BCCs and SCCs. Bel ow each |ane is
shown  hehigalr #51. LhenaR3pBR.Gel ehhaM skl dust (bed as a percentage in

each sanple as quantified by realtime tagman PCR Those sanpl es

mar ked Withflor RNP, BisthM A8 et A B KOTRELITN., ABiot ORACIs908526 Re2g ok t | e
PCR was >36, which is the | evel observed in the 15n0 tenplate

control . Tiaaeg Pl(eiyLcdblopanelsqies WBlkAMisas anehghtulsraides s voHyqper | adder
| V- r ange&dyddidrien Oi¥hpylyBeiedridn Brobisdblsdvendon, LWE. The sane anmount of
tenpl ate DNA was added to each PCR reaction. The sinple pattern of
occur r enderiefal.t heeir@B9Hbipted d¢laiohof hiimarBE&EEragmsicga velroafidia) DYANK May. Regpir.
that 20 Ggbisér\tid. inpreSOB82 I n both BCCs and SCCs, the del etion was
present in 3 of 5 patients (although not the sane patients). In the
peri | esi oftlpt Brbehe.ehd- Arisehqediopeyiaciveme e raterionbufas mienes piegeaementaded
t he der nissupiss ipfbiguinaherigptoge caedytiass (Smpley 1Y drfrigred Frean Genetissi(HEPhi04:
(2 of 5 BELA%6-and 1 of 5 SCCs). However, although the absol ute nunber
of sanpl 1SS there are differences between th CC and e
SCC esuﬁfaﬁbgﬁéagﬁl E-Mz PN (AR CHEMGR AsP™ @Yl eh 0%@@@%%&-%““
rat her t RAMSP¥% 1 ¥Pnpl e pattern 25 of occurrence. For exanple, for

t hose sa r | n S t in both tunmour and
peril esi %g?&d%@%@ct P%%é’qfué:%}eclﬁgf )Q%h%@%%?g@i on was greatest in the
derm s fQp, WilmPR bEMiSHNENEASnd e, NEYSS 823.898d {ygg be true for the

BCC patients. In addition, it was interesting to observe that BCC
sanmpl es tyad®md WMR2D D, MiitddEIndM] BR8ase in kR afiagsuss RoMRE sy l1¥82-1497,

di fferentigdoevel s of the deletion (i.e. 7.14% versus 0.02% which may
reflect variation in the degree of cunul ative sun-exposure. It was

30 deci dedhld, o, iviesiv,gil Cigaltits SAGKRE bn dpileinbddgidayovdeteat Bt MedBpit BE1): 3-

| evel , agl.dpposed to the pattern of occurrence, of the deletion in a
relatively | arge subset of histologically normal perilesional sanples
t aken fr dfalledee Peast Vgl cadx o S8d WBotyI-8T46e 94 Quanti fication of

t he 3895bp deletion in a | arger subset of histologically normnal

peril esi Bﬁ’gF“Qg"n‘”’%g%fh%f’fé‘?"'?ﬁék’éﬂs'ﬁ:f'l@rh()%ﬁ fferent sun-exposed body

L
|

site of Elffifative sun-expbsure. Using quantitative real-tinme taqgman

PCR L hewgyel, lul i 28090, el pbiagy n 104 age- matched split human
skin sarrp“{es taken from vari ous sun-exposed sites defined as usually
exposed @hzPl;and occasionally exposed (n=44) 5 when outdoors was
exam ned. Figure 13 shows a typical exanple of an ethidium bron de
st ai ned agad RYSTH8: BOf D&NE1389 PR RPHCONI. ARG tA8IROIs sRendi 1)

| evel of 3895bp deletion as detected by realtinme PCRin three pairs
of usual [Wei IAAProcEdifgs@f &k Ngt. SHNCARXAOS aE Repwdt e5Chikd Al 22(23556howss t he
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5 Previously unused needl e core biopsy sanples were recovered from
the prostate sanple archives: 62 benign, 49 malignant, 30 biopsies
proximal to tunor yet containing no malignant cells. Overall, 141
total sanples, as well as 7 additional sanples, 6 for standard curve
gener at i on,WandH1 Pmggaii,Weuchhté bie, 1 Ced§¥tTandaciuplinticsntdiriganadaiccialstions
wer e anal ypédntochh@neldﬂm ete garygelseylanevents plidpipragingdrechssednnt ¥ Héend Sci, 786,
10once eacl2d{i-t hree i ndependent individuals. The Artificial Neural

Net wor k (ANN) was b|lan¥ gueried with benign sanples a%|acent to, or
proxi mal  t OV ARSGkMY In: I Stea b Markie Riiad WaippddMA déob fadprfeirerisioge
distal to VIO b p@@ ¥8this Iocation after prostatectony)

were also ipclu t hat ' norna

broxi mi 1y dhciior Srediedf BUalER o Bty Brionnn B Uhie dror Pone
consi st ent kv indnehagizbdane beyadeht. adid, gRant, T7i ssue. However, dista
benign, retained its benign signature (Figure 15). .This test will be
able to Cowdodﬁélﬂﬁk'%ﬁ&qwﬂﬁﬁ% AP I.Su éysgjé? g\fxtnfrl:_){n%qvamgeo a mvitaI
location negf %eﬁzt s 0 § h@a@yl foff 'E:eéﬁ ﬂlbﬁfg\ﬁs

It has been s at nnecu an €s |n m t ochon

t he delet|qm)&QQQM&(ﬁﬂgmg{Qg@¢Q9gﬁtectable nDrphoIogcha changes in
the tissue. Hence a tissue region of a sanple that may appear nor nal
or beni gn t JactppiManl-ogéet 20u0er7ovbsgual observati on may 20 have
started to accunul ate nutations on the path to malignancy. This

capabi | i ty Yiasaguchirkg et of OFp Ravkdal RésoCdrhamedo(B1ERE, ebdni cal practice of
prostate biopsy and histol ogi cal diagnosis by a pathol ogist. The use
of the PSAYekdtl, tigl.s@reesmne fornaghrifst0ad-8066a46@r results in a |arge
nunber of bIOpS rocedures with an estimated 70%failing to exhibit
mal i gnant dénkFg %ﬁe&n@méﬁ daetign &n himag s eiodyening DAt Siealerplet. 26, 457-
di vi ded | nti68 1% categories: true benigns, that is, no tunDur is
present in the 25 prostate; and fal se benigns, wher e t unour

present in teﬁé* abr dcingrassopied %%éie}?%%wulmﬂdﬁ%rynlﬁﬁweaﬂﬂ?é% §fq%ﬂaf ipphys..
sanpl e the ﬁhFPﬁﬁ%mtv %ﬁﬂﬁh YRlnol ecul ar testing of the benign tissue

, one can eit.he S in the true benign

category t 5FmPh%e“‘f§ %%ngghyb%Hﬁ&fhat they may be fol | owed

I ess cl .Osel gan t1 F& ) {ocﬁﬁ?ldlra? bll\ﬂvﬁ-etéﬁ leod?lseydeﬁr ngga% cﬁw%iiua? B'?Egg' ?éﬁ 99?7 ,

an earlier detecttion nanc at '1's cau ons but TS

not yet dePédBaiflze with the b|o S rocedure, 30ne atln t he need for
y psy p g g

an additi onal biopsy for diagnosis and providing an opportunity for

the clinicizamgto, Q%Q,'B"o@z@ﬁzlﬂzgphyﬁ'?@s bk, Mgsrqu@«; efibegbsve treat ment of
the patient. % |s test Wil | prOV|de both reassurance and

COﬂfIfﬁHtl%P g cur t bi Eb ySi S thf is p ed by hi gh
nunbers of P4 ‘éetﬁ &f’”’ eéi’i"& ri6§fr§. DRR St 64461 PPetHe no
Mappi ng An baktgickihoaabanpaivebivastre@u te @i Bhnstip@ok ﬁ&eﬁmﬂpﬂdsﬂﬂ@ﬂﬁﬂﬂlﬂgles
for the tu havi er..di sco e ability to provide
a three di %’gs%‘%‘rﬁss‘fesrlrggjlélraa{o#gep%ove é(’:)e(r:g ﬁslo%é%{?]g tumour wthin the
prostate based upon the sextant needl e biopsy speci nens. The 3. 4kb
deletion's capacity to reflect the presence of nmalignancy in

nei ghbouring benign tissue wll be critical to this mapping
procedure. This map woul d provide the urologist and oncol ogi st a
virtual nodel of the prostate tunour and nay assist in treatnent
decisions. 10 References Alonso, A C Alves, MP. Suarez-Mer, C
"Albarran, L Pereira, L Fernandez de Sinon, P. Martin O Garcia, L
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93



GQuatelli, et al., Proc. Nat Acad. Sci. U S. A 87: 1874 1990 Cul avita,
Sunil Dr. Northwestern Ontario Cancer Centre - Personal Conmmunication
Habano S, Nakamura, Sugai T., Oncogene 17 (15):1931-1937, 1998
Harbottl e etal., The Journal of Investigative Dermatol ogy: 1518 -1521,
2004. Hardi ng RM et al., Am J. Hum GCenet. 66, 1351-1361, 2000
Harman, D., Proc Nati Acad Sci USA 78(11): 7124-8, 1981 Hattori et
al, Age- %‘3 endant increase in deleted mtochondrial] DNA in the human
heart : ¥l e contri butory factor to presbycardia, AM Heart J.

121, 1736 174!-Qmeiﬁb9 bf déleyiamhi delsdtion s@ﬁr&ng @proﬁh&t’é@rmucleﬁtldeswﬁwhhiﬁﬂn the

M, Coto ka 991 roduc n of di sease-re
m t oc hon"(q\n Iﬂm ?@P@ﬂ%@% r)8 é r@@lﬁa eéﬁ!'l?ﬂ WW?'B@H%&?PE"&IQW
results andlqnu\bwtpoalmel cimmhgsguncti on. Proc Nall Acad Sci, 88,

10614-10618. et G, TlIsty TD, Cunha GR Int J
Oncol 13: 35- AW@@B@Q%‘?@@’S’% ]gh Machin MA, Rees JL. Chapt er 11.
The Human Mel(Br@xd@etingmiDNRetepths biclegieal semptehandvel anocorti n

Recept or s( Co Iy Vipac) rsey, USA, 1999
Heal y E, B.rgﬁ)dl\%g%ccﬁ'ﬁemﬁﬁr eeg%fﬁ_éfa% E{éﬁnﬁg@tth%@?%‘on- 1073, 2000
Hearst N, Hulley SB. Using secondary data, In Designing clinical
researclp. an TeRirgRRPLRUHIGA| wABRIOBE Brolo%ii*al é\% 1€ a SRin @amp@wmm,ect
S., Baltinore: Wlliams & WIlkins, pages -62, 1988 Hopgood,

al, 1992, Strategies for automat ed sequenm ng of human nt DNA di rectly
from PCR. pr odietnsethdd eftcrarhin, gHesinliBe 8idtddRatisdnglle isRHisB Ml ciike saffple.

Age- dependent mul tiple deletions in human nmuscle mtochondrial DNA,
in preparation 1992 Http://ww. om . gov/ hgm s/ proj ect/budget. htnl)
Huang GV, Ng TWE mdﬂatrd@fszlalm 3urther ddnmmgmbl/éxpcﬁmmae ti€ueldongte Bample to at ieast

Genom ¢ 6 redi tar ti.C
neur opa?’hg%&gﬁtﬁl ?3 © Ofl?it gl L@%‘f%?"ng(g?gﬁ Pﬁdrt? pgosgf eﬁgﬁ?%‘aéﬁéﬁi&d?m the
(2001) 3issuel@ituzsanipkeebe et al ., | ncrease of deI eted mtochondri al

DNA in the striatumin Parkinson's di sease and senescence, Bi ochem

Bi ophys. Res. Commun. 170, 1044-1048, 1990 Innis et al PCR Protocols,
A Gui de % o M3hpswthasaf CRUDHl whersiorhe biokdisai sanPieis sxpored t@aﬁerﬂ}secgmepetltlve
1990 KaisgglidiRdl dMles ffignic Dis Can 18(1): 13-9, 1997 Kalra J,

Chaudhary AK, Prasad K,. Int. Ji Exp. Pathol. 72(1): 1-7, 1991
Katayama et al., Deleted mtochondria] DNA in the skeletal nuscle of
aged i n@l vi dgak meti3dsFRRIM 5|\Hlﬁere|nal5e sé]%s%@ V\%ﬁ éﬂ)@él@ e Biol&icatbample to
Human Gen(F 290; 457-465, 1997 Koch . & Bergenann,

J. (200%¥ 1y 4osen ghd¥Rker at | nocytes the Commn DeI etion reflects donor
variabilities rather than chronol ogi c aging and can be induced by

ul travi al et irr dla J | nvest majol , 117, 892- Koni shi N,
Sho M Trmrrdls Mt B < wdiiEihe PRRTEhom n skl simiged UKR SHin K
and Birch-Machin I\/A Br| tish Jour nal of Dermatol ogy (2002), 146, 723

- soi &nce, 1B TEER £y oEER W TR Gap e TR WA o P
Cancer J. din. 49:8-31 LeDoux SP et al. Mutat Res 434(3):149-159,

1999 Lg DOUXThe$‘H|Pfhod%@Eltaﬁ’r'f"I \Mw%elnt Vﬁ%%g%hsrtgse t§‘5¥%lctsﬁ(km’caﬁce (1993).

Repal r of N- et purines in't 1 al xer oJér nma

pi gnent osum corrpl enentation group D cells. Carcinogenesis, 14, 913-7.
Lee HC 18! ahmdthdol-8&tbMfifing ok it iiatind BRA

Bi ochem Bi opt?;/s 38 (2): | mé 16, 1 N Leeegpggurgqnéeéhﬂjfa%%ﬁg m%A
YHu. Fe8@PeHS®h of European Bi ochemi cal Soci eties, 441:292- 296, 1998

Leonard & Sh@?bfo@[dir%gébfb!o el S3inpH from ke sUjergen Radi cal s and the
Di sease Pr ocg)g? Anst e g The p%e her | ands: f;’Harwood Academ c

Publ i shers xigagting E@HAL“PFM@%VOPQ'%@%WE MNdKri shnan KJ and
‘Bi r ch- Machi n(cNﬂetectBrglthé pifesdwaialde@no%pmr@l é%@hx(r@él@i%ucléétﬂje@%ﬁ? to 4443
Li nnane, (—:{E %(t) h &@E SH, Wi nvi ron t agen

in emlnor arc of the human mt genome.

94



Sciacco, M, Bonilla, E., Schon, E.A, D Mauro, S. & Mraes, CI.
(1994). Distribution of wld-type and common del etion fornms of nt DNA
in normal and respiration-deficient nmuscle fibers frompatients with
m t ochondri al mnmyopathy. Hum Mol Genet, 3, 13-9. Seidman, MD. et al.,
Arch. Ool atyngol Head Neck Surg., 123: 1039-1045, 1997 Seo, Jinwook
et al., Interactively optimzing signal-to-noise ratios in expression
profiling: projectspecc algorithmselection and detection p-val ue

wei ghting in Affrnmetrbc microarrays, Bioinformatics, Vol. 20, pp.
2534- 2544, 200 fethodeer mdhiforiRg long @rmPdafety bidiicaaly kﬁﬁot@ﬂle%r Mypacs and
Dendr o gram Dy spl ays for Signal IgN0| se Optim zation in M croarray Dat a
Anal ysi s°®TREERY9) nt er nat i onal Conference on Ml tinmedia and Expo 2003.

Sea, ~ Ji nwook,( aﬁbmefum@raWogueﬁrSamﬁJeFﬁajnkabubjgcﬁature Framewor k for

I nteractive i on nsi onal , Wll appear in the
journal, Inf gﬁ {-ln Et&lﬂ}wrﬂ h%h'oog'ﬁﬁlﬁmptepa? Seo, Ji nwook,

Shnei der man, Bladateo@m&a'rd(prbyerﬁe@f aﬂeleﬁmrammg approxibiagapeliolddtides 547 to 4443
Mul ti di j r n é}ﬁ Low Di nensi onal Projections,
Proc. | E%&% 'ﬁ?@{ﬁa ;gﬁ%‘ma% r%jé\%‘ ea Ji nwook, Shnei der man, Ben,

I nteractive Exploration of NUI tidi mensional M croarray Data:

Scattet pjot CQgh

"0 L. 2000 25, (el 7B o R Blol X858 heur s SUBLLIE ehhéithoma sin
Shnei derdrafer (HMSC)I iREesUBiect $eNprisingl or i ng Hi erarchi cal O ustering

Results, | EEEa)QS?H"ﬂé![ ri'é blc}féﬁléH”FBarﬁéle iR sufedtP 80-86, July 2002.

[initi aI draft Ji nwook, Sl ne der man, Ben, Know edge
I ntegration Iﬂ? 'T"(QN‘ﬁ fﬁ?’BFWﬁa‘?'P’BWCQ}’Séﬁ‘8|er zation, will be

publ i shed in (J:)N@fedﬂug ﬂ‘s@rprmbe ¥es HastiorBgiahhiAg reﬂme@:pnmfim 547 to 4443
2005b. gﬂ}%ﬂ ]I,%V\%H %%&gll der man, Ben, Understanding Custers

in Mlti 0P ?{gp g@n ASFRBEN?MY by Conbi ni ng | nsi ghts from
Coor di nat ed W)e‘apeahhg@typm(a} 1K) wtedgreinteRet birtingdl  Report,

HCl L- 2004- 03, 2004c. Seven, G & English, D.J. (2004). Descriptive

epi dem ol ogy of skin cancer. In Prevention of Skin Cancer, Hill, D.,

El wood, 13. M T&e Breghacsdf,anPode of daisis, 1 tydl, wilereipphe d&et®®.is Ggprodmately 3895 bp.
Prevention - Cancer Causes. Kl uwer Acedem c Publishers. Shankey TV,

Jin JK, Dougherty S, Flanigan RC, GahamsS, Pyle JM, Cytonetty
21: 30- 394199§hsmyh®\/vf ang obve AT PRIMSIVLLD 42, wiRkrein Hig6delditn, corpaFesSharanalf

o7 own B o1 oo AT iRing i e SR iRpngie 0

Gearing M Salvo R, Watts RL, Juncos JL, Hansen LA, Crain BJ, Fayad

kfigr d | r ri nti
\I;/l MReCL (;lfg': Che n@ﬂf\i/ag?/f g{?gﬁq \E% 'el,n@ﬁé(;gﬂllet?o% cla?ng égslsdoéé t%@%%ﬁ@f\lh&%ﬁe a

val | acemﬁrpé\IA QQ@%Q)N Sgeist %{lﬁie‘?fﬁ@oﬁ%é‘%lfPhEEa@&Wt@PcﬂﬁHcﬁﬂdd- 36@!@3 nal

opht hal nopl egi a pl us syndrone associated with a mtochondria] DNA
deletio i li_.cation de met abol ic therapy. Pro

Acad Sm%us E\I‘e%@‘ ﬁ?”%O”%P%mRW 2NeRB| 'tedSt%ﬁfdﬂlqtﬁcaﬂ%thﬁ @Sence of
Expert trevdetatonimthemhtoo cimpmees ampidicatiintdd tHe mimmser nm ebeune. uk
(2002) Smth DG WMal hi RS, Eshleman J, Lorenz JO and Kaestle FA.,

Am J. Hum Genet. 110:271-284, 1999 Smth R Birch-Machin MA, Rees
JL. J. HMhvesiThe Dethodati ahy oriel df cldig 14402, whb@é)&tfﬁmtémg‘l\bteoﬂn@ﬁe presence of

enar o\ Ruecioh e HoNR ARRRSLER ok TRLGYL 28eREA FRY 488 HLROPER

St oneki ﬂgalms Recbeactive PCRrapalysianguantiiatig2PaR; ueeeunzne? HZCRJ(BQISDG%)mnaq!sS OreRT-
al . Eur M et al, 1996,

Aut orat E%Rﬁﬁﬁiﬁ%érﬁ%”%‘? t(r}tgaﬂﬁﬁ?a%ﬁiﬁ%gsi ’5 E’gnbz‘@mn%?é.gzam 407- 421 Tani i ke,
M et al., BioChem Bi oPhys Res Conun, 186: 47-53, 1992 Tayl or RW

Birch-Machin MA, Bartlett K, Turnbull DM, J Biol Chem 269,
3523-3528 1994 Tijssen, P. (ed) Laboratory Techniques in Biochemstry

g5



9. The nethod of claim1, wherein the nethod is use to detect skin
cancer. 10.A nethod for determ ning the cunul ative UV exposure, in a

subj ect having nt DNA, conpri sing: (a) providing a biological
sanple fromthe subject; (b) extracting ntDNA fromthe biol ogical
sanpl e; and (c) detecting the presence of a del etion spanning

approxi mately nucl eotides 547 to 4443 in the mnor arc of the human
nt DNA genone._ 11. A nethod for m)nltorlng Iongtermsafetg/
clini caI 189y pHt BEher ah3nY Ui §heeims i1 Ehaggin the step of detewting:the Peisarpecof

bi ol ogi ciak deREPh B the ﬁﬁﬂ)l&A%blhbﬁ&ts,Pdehnﬁﬁlé @did & Brifbh B‘ri"dgéa Fth?ntDNA
bi ol ogi ca detectln the resence of

del eti on" Eﬁ@ﬁﬁrﬁﬁdﬁgv%ﬁ?lﬁtﬁ%ﬁpﬁgw&% F‘%ﬂ“@é@e SORdepAAT tp ﬁ4‘["$1e i nor

arc of the human m DNA genone. 12. A net hod of m)nltorl ng a person for

sun expogire nel a SKi ncer (N in.a

ubj cor . Mompi e o of by Qe S PER TR e Bed PBEG afe ho wnficBifprmee
t he subj leycthe d(ele)loresznanamglapgronh"r[a‘kﬂy hudentibe 541 10l 43¢ B (saliseg donthe PCR analysis.
(c) detecting the presence of a deletion spanning approxinately

nucl eotides 547 to 4443 in the mnor arc of the human nt DNA genone;

and 20. ( cherréﬁé@d pirelaiet pwherg)n the PCR) armlysisris quertitaties PR arblysisme.

13. The n®@kiipdin us@-BVa Bﬂﬁeloth Pc!rfélb@ith% rﬁtPNAﬁunéf@ﬁFo‘?#@ng%edueé eqfoh%??*n?ng

approxi mat el y y one 0

wher ei n %W@Wtélﬂlnéﬁeeﬂﬂ?éﬁ4§&4%%pan of mt DNA from approxi mately

n TF1 binding site in the D-l1oop to tRNA net hi onine. 15. The net hod of
claim1l, V\/ner |n the del etign conprises substantially a 12s rRNA
gene, a21163 r JRerkof claimly. WeeEnLhe dglptards detected usivg arpsier pevyiema of
H and L sequamdxorréﬁon’ah@ eI 00:1a8ysEQeD Mo: deabnsEd IbNd:2s3. Wher ei n
the step of detecting the presence of the del etion in the ntDNA
conprises anplification of the ntDNA. 17. The net hod of any one of
clai ms 120 1Zhewhstha of ddire 25 wheredf thd eloketdangnigieisproasedciesiohaltskia.
deletion in the ntDNA conprises PCR analysis selected from deletion
speci fic PCR anal ysis, radioactive PCR analysis, quantitative PCR,
real - ti 8. PCRhe RIBtROR) charal2y whereindhe RIbRGRaUsMpe isdoondtaans or an epidermis
t her nos pol ymerase. 18. The nethod of any one of

cl ai s tlla}tél'eﬁhggv\ﬂ%r\lg n the step of detecting the presence of the
deletion in the ntDNA conprises PCR anal ysis usi ng a priner that

bri dges oithe mhDPNthddGcIRR 1f RRERR tpé(g%lbﬁlggﬁi?ﬁ@l gggk%smnallylsyn

approxi mat el y nucl eoti des 547 to 444

wher ei n EXPISER ligpyrapualin gin B¥RQ§Q@§59ttﬁe0rrfﬁl§%l§nmx@@$9@ﬁlsﬁ'éﬁ nmed by the
del etion spannlng apprOX|nater nucl eoti des 547 to 4443 is used for

t he PCR gnal ﬁ he nmet hod of claim 17, wherein the PCR

anal ysi €°i é_ %H’tel”iogtqf\?@"\béﬁ félﬁ'%ﬁ’@i”@“?!ﬁ@‘rﬁPieﬁ’lqtigorl]@%"nsﬁh%lpfﬁﬁﬁmﬁérOft"ﬁat
bri dges dbh&oﬁﬁn%bﬂob@ﬁ:blﬁmdi@wmﬂ réfdrehbessh@piet i on spanni ng

approxi mately nucl eoti des 547 to 4443. 21. The nethod of claim17,
wherein the deletion is detected using a prinmer having a seqguence

cor r epofli ng The mSEQdIdDclSm mawhﬁﬁQtHQef&érbé&am@re |§EQe|deNQxib5§ed K-

The et 0 rein, the_ biol o i cal

non- 1 o5 aiuer becghlySun MRBS St e . Bpditsdh B fih Brleb s bgpt a
sanpl e ﬁ@ﬂﬂson1a derm s or an epiderms |ayer of the subject. 24.

The nethod of claim 1, wherein the biological sanple conprises
occasionally sun exposed tissue; usually sun exposed tissue; or

rarely 8an eséﬁwfe@jd@lewwempmwmhrmwleoﬁdes|savm 2443 if thret thimor arc of the
conpri ShixdaRmid@R gBhorRe PR

bi ol ogi cal asarrpl egvm? a rg H‘%éh%\gn @?%FFQQSdgggc{%dgﬁggé]fngﬂ %Gbé% ai m
25, wherein the reference sanple is: rarely sun exposed skin tissue;
occasi opal | yuseisr @a@@t&%pahh[Hgitab&%%atésﬁ%iéoﬂdééﬁhﬁs QQ&@HH tB& hlhor arc of the

tissue; or a blood sang a del etion betwee
human mtDNA genome as a biomarker for skin cancer.
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29, Use of an mtDNA deletion spanning approximately nucleotides 547 to 4443 in the minor
arc of the human mtDNA genome as a biomarker for UV damage.

30. An array for use in detecting skin cancer, UV exposure or UV damage, the array
comprising a plurality of nucleic acid members, and a solid substrate, wherein at least one of the
nucleic acid members is associated with a human mtDNA deletion at approximately nucleotides
547 to 4443 of the human mtDNA genome, and wherein the at least one nucleic acid member

has a unique position on said array and is stably associated with the solid substrate.

31. A kit for detecting skin cancer, comprising the array of claim 30 and at least one member
selected from the group consisting of: solid supports, means for holding the solid supports,
means for extraction of mitochondrial DNA, primers, reagents and instructions.

32.  Akitfor detecting UV damage and/or monitoring associated non-melanoma skin cancer
(NMSC) comprising the array of claim 30, wherein the nucleic acid member is associated with
the deletion at approximately nucleotides 547 to 4443 of the human mtDNA genome, and at
least one member selected from the group consisting of: a disposable chip, means for holding
the disposable chip, means for extraction of mtDNA, primers, reagents and instructions.
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