M tochondrial nutations and rearrangenents as a diagnostic tool for the
detection of sun exposure, prostate cancer and other cancers Techni cal

Fi el d of wbeodenwessii on This invention is related to thepCraiNto@i000683

m t ochondnal genomics. In particular it is related to nutations and
rearrangenents mthe mtochondnal genone and their utility as an indicator
of sun exposure, agng, and the genesis or existence of disease, for exanple
detecting the presence of preneopl asia, neoplasm and progression towards
potential malignancy before common clinical synptons are evident.
Background of the | nvention The current nﬁga-trend in the biological

sci ences is the huMETHRROE INT/CEYG EMBRYSHWSG STEM €EBLSIENEQ on of t he
data. However, there is an excep}i Lp i to the use and

i npl ementation of this infornati%ﬁgggﬁ@%tﬂ%giglﬁg not specific at the |evel
of the individual. Incredibly the data is fromonly a few individuals,
hardly representative of the variation present m human popul ati ons,

render i ng BAGK GROENIBOF UIHE INGENEIGN appl i cations only. The staggering

conplexity of the human genone nmakes application on an individual basis
i mpracti cal .Figtd ohgdeveatoronpl et el y one human nucl ear genone the U.S.

Depart ment of,. Ener gy. aneg t he National |lnstitute ofﬁé)—ieal.th have i nvested 2.5
bi 111 on dol | 5 BYRLiaR idges Fneip Y Ry Smenes ﬂl“'.néav%a yonif SieBcebudget . ht m ) .
M t ochondpj \ i i.Ggal
sequence g?ﬁkﬂ%?}g@%ﬂg}? m&r%@ﬁ?nggg%ﬁg’n%ﬁg@g%gﬁEnﬁ‘glc@ggg@&og?&téeﬁgggﬂrrgqlgtabuni ts
necessar ypidmereatiekdlls| ard a ldcpith deisame udM.t ochondrial DNA, or "nmt DNA", is a

m nuscul e _genone of nucleic acid at 16,569 base pairs (bp) Anderson et al.,
1981; AndZeWRsscsiption of thg §cigy Arh contrast to the inmense nucl ear genome of 3.3

billi bp. Its, genetic conpl nt. i s astronomcally smaller than that of
its ng(gl ear @éltbg‘ﬁﬁftéomoﬁg&%ﬁw %ﬁ\?éé‘?eais?fdp@P@ﬁ%lDlél&t?WéﬁF%ﬁffﬁﬁimr e
from 103 tg ' I i i I . u i (Si ngh
e oS TAPBSSREh SRR R TSR LBt [y Bgtleo

rout i nel ymoition by REIOVESPe I digbetdsGheRtis ARt réA EOREimAlund BAABTor( sIRE pat t et
al ., 1997) Moreover, specific nuclear conponents are responsible for

mai nt enanedlsamparicraatig islaty Meny mesearch grodpaibre slegefernceploting epitoetplade thest 999) .

When thesg%snucle_ar areas are rendered non-functional by nuclear
r ear r angefESHP¥CS IR iRRrP ”lgfceB%t nel. Ripersatiaslet ¢rdirantriantatinnds Bl t o

appeaks m ptioon, i.fi ] n e

Tont 1 e Ty IAPUEREFFure bbedaibbiselh aolREHS il HREISNSHR B s R
nut at i onsMaRdiupPolstRThRRE SN dBdterf 810 Ehspikhiation fof Qe Gidbel¥e EAMDEM, SBY 255 er ve
as an indication of inpending disease as well. About 3,000 genes are

requi red 82. Haweves, thistoathwhanbimot e tidedynitjlizethidud tp-tbeseeereshotdge®€ coded by

t he m tochondpal ‘%enoma,, i ndi cati ng heavy m tochondnal dependence on

nucl ear IH@?SP@R@@ &9Rori4l§67) Al | nitochondrial DNA (ntDNA) genones in a

gi ven indi vi . i.gdentj.cal. i h | o ansion of. mtochondria
within the ogﬁﬁ#log{rﬁ% e?l edr%Hlﬁ?e?jzfg I %‘ﬁg égl%és%g] u‘:tr%éasig%f% eéeé'scgm’fieé?é fooﬁogvc?f

Nt DNADG S tha@rdfdie bdhk QRorie biY@arzBlahtdbRhisIENalS celd BRRYRE s WntD P RPRYE (ATP),
which fires cellular metabolism Significantly, the mtochondrial genone is
dependent differepate ity panccdatialisl@tikodridiepy; edpecinldy pamczaioBpelissBotidB, R¥dhdd, i on
and reduction reactions necessaré to this vital function, in addition to
the thirt BeH2SbE{R ey messcrstipg polls demyed: frrm ambryenis ster ealls gemeptise clyeamiainl and
Shapira,

phosphor y%tget%lz% P\tot%‘ tig&g/cg%gé&iciﬁ %ﬁt I?ig%tgs;%)@‘@%9&§ﬁ S?g 8?'518%%?52@; ié&é‘d%‘@ 'dative

phosphory b PN et PARHERN f i ) .atd ons
(Byr ne, 1%%% (P %It(()agl);ﬁjglquen!éliﬁ)ts)ria gfercr;;% ﬁ?)%Sgéin?rléﬁils)sf%g’é“ﬁ%ﬁ%“?ﬁ%@%ﬁ@gg@my

of nINA pacabiionkts. Scigave 20pED1:1 88%R EdUgedshdy S, M ) lAchsit BT, et AAxigedared whi ch
give rise to a variety of clinical phenotypes. Mreover, nutations in the
ni t ochondPfRAUGeR Simbuspe embiyeeic steatcofs t Diabetes3 0050801 62 hi Gh). Soridlelgdnérat | ve

di te t.al. 1995) It is. well known that. agi d i i
Lypes of Parksrog, Raray meteerbse s Sl € BRaPorrarng teleraReslyy

production capacity of the cell. This often results in over-expression of
defective mtochondria, and/or the cell jsupplenenting the |ack of ATP by
becom ng nore glycolytic (Carew and Huang, 2002); therefore, changes or
mutations, in the mtochondrial genone can be used as markers for disease
genesi s and/ or di sease progression, when nonitored at successive intervals.
Recently, Fhss et al. (2000) found, in primary tunors fromlung and bl adder
cancer, a high frequency of m DNA nutations which were predom nantly

honopl asm c in nature, indicating that the nutant nt DNA was dom nant in the
mal i gnant cells. Point nutations and del eti ons woul d appear to be the
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Since mtDNA is passed to offspring exclusively through the ovum it is

i nperative to understand m tochondrial sequences through this neans of

i nheri t arwe.2ofhws®mequence of nmt DNA varies w del y bet weercmain2oosaloodsd neages
(Ward et al., 1991), hence nutations associated with di sease nust be
clearly understood in conparison to this variation. For exanple, a specific
Tto Ctransition noted in the sequence of several individuals, associated
with a specific cancer, could in reality be natural variation in a maternal
| i neage wi despread in a given particul ar geographical area or associ ated
with ethnicity. For exanple, Native North Americans express an unusually

hi gh freqii@pRipe systeay §SerivRsRechdifaBetrads, et l. bdelin-sesretinglcellsMtsrived Bomr i can
Nati ves are.,genetically characterized by five basi.c ternal . |ineages

desi gnat edTRVORIC s ¢5115 Bermalize elieria e eepiozotop o shbetintios; Birekeng,
1993; Sm t 457, 9) ik I ISt I . I: oi nt

mut at i on PG BT AR | RE ek [ oo B iR MR O o,
yet ther e napipattioAUSAidING ef 8l BUBRBINPBRAUMNEE NabAY 15l Biff@entansn bhe adul t
onset of diabetes. In addition, even within |ineage clusters there is
sequenée vabiyanicotem Qllse theulgf-sachating plmedtiressimiakiopenaegvdslets Rtiasict h a

parti cul ar Mg%agg t]gﬁre is nore i ?t rapopul ation variation than

i nt er populP3? ot B¥Juierébeanspayitlyd Iy Eslagometbed i induceddgeellpg ¢ ffgrentigte intq 991 |
oo ) o iRulh-SRIAENE RIAMAL S MBCRNANA Sthd @ in AR, AP fGRY] 7 o1

di sease assocl i ons, hence a erna ne stu Bath (Parsons
et al., 1%QMfsontMTHKBOYetlN&GrEWiEIRBbRSs Phorfoth kel a1Af iBRFh Woducirk:

subj ect tracking over a substantial period of time), nust be used to
identify metuatfioongnblyomic ey als ProcaNatAvad $ci di S aa236€02;%9%2HHB0sRd6110) and

mut at i Qns, W tQFC‘)’Et di sease assqci ation. Mreover, particular substances,

such 48 s&wnervkahd Bhisaab?sherd; Kena/Q. 8l Bxpoessias 196 Bexdsin embaypnicaftem known

t J S, | [ : t . f
cpecttic SRR B mRB R R BB AR o eu B rlepBe e KR Broker
Hence, a substicapttal s BOYS; ERueeedat RaR6 eh $ umhefskPaivRlsBEe MRl b T O
accurate forecasting of potential disease as a natural procCess, or through

exposur e hddicgpeath inkitdigeh’294080 0t besrempressint Pexdegdne Neonetebsstlal thagst be
sequenced for its full information content. The entire suite of point
nut at i ons ITREERSIPPTABRRES afe Gogisaisd Breeytaincpepests avd dake grlengpgsiedobtimgousands of

bases I Rversions, ~SQupl i -ons one, base.t o t housands. of bases

recorr%l)l5 naﬁé ons gﬂtg’ @ﬂgsg?ztuﬁ%f,]lg Vo Blﬁ_;bé e? %l Fﬁ%ﬁ?h"ﬁd’ﬁ’&%‘f Blaeé‘étgyo%_é?mbe

char act er kgdréfios m&%&tiﬁky&lroftnleﬁjneﬁﬂsltf\@_p%%eﬁ%}%ﬂﬁi'fds@iin— ﬁ)_'ag{ﬁ‘ﬁ cdil¥l Brognsur es
that all possible information available inthe mtochondria %enorre 'S

capt ur ed. NatitAvad§hi W iISeA gerso®(3)f998yH00P), aieriusingitheofiveosishie naeth kb fEBA i) theas
been sequenced at an individual level, like its nuclear counterpart, the
ni t ochond 2bsrbagenefiasuhiadronpthe uliyre sredivanbeBS aell may tppd tafaisopositvatesylbr use

Car oi nogo e HaL B Ao RPN o ey 6B e S R FoFRdpoct s
of tuspur 4Rfpl e igt?pgggeﬁchgﬁt@e%mrélgﬁ%\%g’ﬁ%% agéro%h.’ 2001), in particular

somati ¢ nutations of nt DNA served in a nunber of human
t umour s ( Hab@omeefhictads haveX8i rdpoltydio teive te.abilBPR; prdabierige diffe@htiatbd?F; Fl i ss,
et al. 2000). These latter findings were made nore interesting by the

cl ai ns t hdefinitee grdpddrow PaiviprDrmnanihea ol BGE-Pegpperdaneity, iscrisiealformpsodsmi end
(Habano et al, 1998; .Polyak et al,61993; Fliss, et al. 2000), Additionally
resear cheF%‘?ol‘ilS’ ?(’I“Ei‘t'i'ltrlfﬂ1 %"ﬁﬁ‘lg gﬁ?tf“?%“ﬂ“o%gfn psedieht Ngh coRggtration; svhstambelly n t he

devel opne I | s [ ck
To05; * Rect OuGG SRR HERRRLE (X im ANTRE AT A D R MR il el WeRBhET T
2000225 Mafeesuéah instriéi@u@biekm i@variatpasdiedtidthis] DSRRIPERER] BRIGS J008.289: fioy- For

exanpl e, the 4_977b|a% del etion increases in frequency with age (Fahn et al.,
1996) . Bed?diiH§& Satl Giefesigt]lingathvaayb ot ¢aoly Xeagpussicvdopoeur Curn OpimeGénehDeber s

of mtoch ri 8 a suybstantial nunber of nol ecul es have been
del et ed. %ﬁ&éi@aig%r%‘%'cﬂgﬁs}&fé?w%@% A his el -dgrasgrigeouewbing Bwéecals such
serves as a biomarker for this process. Quantification of this aging
process nmay all ow nedical or other interyentions to slow the process. This
application of mtochondrial genom cs to nedicine has been overl ooked
because nmt DNA has been used prinmarily as a tool in population genetics and
nore recently in forensics; however, it is becom ng increasingly evident
that the information content of ntDNA has substantial application in the
field of nmedical diagnostics. Mreover, sequencing the entire conpl enent of
nt DNA was a | aborious task before the recent advent of high capacity,

hi gh-t hroughput roboti c DNA sequencing systens. In addition, population

-, o, S 1 . o - o



nmt DNA nutations in NMSC because there is recent evidence for the direct

i nvol venent of UV induced RCS in the generation of nt DNA del etions in human
skm cel | swOBesoneBasng et al. 1999, Lowes et al., 2002,) PoTaddodsiooms3t he
maj or determ nant of NMSC in individuals wthout protective pignentation or
genetic predisposition is UV (Wnstock, 1998). The putative precursor

| esi ons of SCCs are al so found predom nantly on constant sun-exposed sites.
This is inportant because work by the Birch-Michin | aboratory has shown

di stinct differences between the incidence of m tochondpal DNA damage in
skm taken fromdifferent sun-exposed body sites. The vast mgjority of the
damage i s e ass IHIEERAsIcAIRE PaigHRPIgsEWeaPdEm nkprdsadram invertdbrateDOOREn One

nduces. iUt ager P st o bapeieBn 8 et BRI
mar ker was7yeReehyvideHsiniiaged ﬁabmC?.éﬂalQﬁ&%@@&h@g%@k@%@mg%&%@d phot o

agng in human skin. A 3-prinmer quantitative used to
study t he eotaiege differentibtior pitietm @pecidlg id e LahP paiRtet 86d FRmMidrhddiP&ndNA i n
relation to sun exposure and chronol ogi cal age of human skm There was a

si gni f P caffiPione sulgeespressing in pasiceatic celfs and giNStleedllipe ($taffordD, Privge WE. t he
4977bp- delet.ed A i N sun-ex ed (27% [27/1Q0]), conmpared with

sun- pr ot e&ehaf"% chs\lse%nfﬂﬁ%s[riﬂ@%?ior( %:?rétf?ét %ahe‘éi%?@tm %@%r@,ﬁslnmmem%veb@n@m ons
or nutati enseRfBiBlENY0ERY (1 AeRg5.9h 8. HTRLKer | ative
ul traviol et readilatl on e),(pég{}?&q’ég?&ﬁwﬁ%{aﬂ*&?ﬁagy,uglr Rahl?%%ﬁ%s_ &ést ern
Bl ot appr odtinbids andthidzoidiredionss 6n dtoldsthiid) tHseBn AUk SisulinWRNE, Ghi.1res S,

provi ded direct evidence for the presence of UV-i nduced damage in purified
mt DNA ( Rayfaespog¢r pratemgnd nikded of ING kells: 6l BiechemBenti2081 ; 10d$8d68h lidiapup has
used | o ext ensi on (LX- P techpique to anplify the entire '

i tocﬁ%ndggﬁn BWBWQ?%E%?OW%%@(?H?W@ £178d Rfovas 2 erinduee sisaepysum of

nt DNA secgndahdive® r ; . Long PCR anal ysis of 7 1
split ski ﬁ san%f es. %@?%@?ﬂg‘?g{g%ﬁ% té)ac!lgerélgtgag% Q{Oe%ang?%% ' ”U%_?fétfv!eyi ng
derm s, wadls®iorigs Mg Homaz4keSaldk@RashPS, Syl BXARS Yhiforeal RGTRALIVR TR R4BPLS | cant
increase in the nunber of deletions with increasing UV exposure in the

epi der mi s eqpduRKIAtedalitiactidstand petido0@LH) Devihep Giovdh Differi200042:5epicdey. M s are
not confounded by any age-dependent increases in nmtDNA deletions also
detected by the Iong PCR techni que. The | arge spectrumof identified

del etil?“St]i\ﬂMkk%?T%Mﬁﬂd]\?US nature and the high nutational |oad of

nt DNA associated wth exposure. Conpared to the detection of single

del eti ons usiltigag obyp& ol teuesBiRnvdnlitn & paVids Bewshddat inh e ﬁn%? biiic &em
sensitive technique and may therefore provide a nore conprehensive,

al t hough ¢rils iefoamrdreadicicelds; ltiinaetheo bbjeuterf alid predeBINAY ehaion gepioRids kil usddifor

studi es by one of the inventors descpbed above clearly show that ntDNA is a
signi fi caﬁ'tdu?lag gabrygRic Sigmeds e BancegHe fdls- with the rol e of nitochondrial

in skin di Seef‘ﬁ?p &ht Rﬁﬁ&ignea%ﬁg%sythés \\//E\t/h? \é\ﬁngli éb?%ﬁ%iggs}rlgja %EWéw%%g%%t %Tgtgf W

pi gnentation o uman hair and SKin

sensi 20 Vi induéifgebyBiic St CANCRIpriRAS iPSRMeddR\RSLiAaked. These

i nvestigations have centred on the association of variants of the

mel anocortm 1 cultgdepeobrygensteanttils inne stirsitiieviddyurv fo fond iemibehealchoand;

popul ations (Smth et al. 1998, Healy et al. 1999; Flanagan et al. 2000;
Heal y et al. 208atipgihgiepgrenichodies pidAgtivimAgah et al ., 2002) relating to

Kk . bl hit Ho t t udi. h t ad d
popul at 1 on- oVttt e R BBt Bttt e e A oo B cul ar

skm t ypespragstifd prBdirdor e@isour . One of the questions which renmains |argely
unanswered by the recent studies of mtDNA nutations in human tunours is the
i nci d¥nce of deloat aspest, tit ctilngre M nehosed prathe gestwdds DMEM hiagmshiteut @t hese
tunours. This is an inportant question to answer because a prelimnary
study of &tusical§paumarhea smbryenie st cellermranfiem shiowin didtlies repec thei cnlttfee

i nci dence_of. e n nt .del eti gn bet ween several tunours (AKs and
SCCs) andm%%“%r}g?C?ﬁ?‘r’i’“i%ﬂ%’?”&f@%@@%ﬁmﬂ?sh%éarnl', the inventors' own

prelimnary data shows an i ncreased nunber of ntDNA deletions in tunours
conpared to normal skm Finally, Birch-Nachm and ot hers have shown that the
i nci dence of nt DNA del etions, as well as duplications, increases with

i ncreasing U/ exposure (Berneburg et al. 1999; Birch-Machmet al. 1998; Ray
et al. 1998; Ray et al. 1999; Ray et al. 2000), Lindsey et al., 2001;
Birch-Machmet al., 2001; Lowes et al., 2002, Kpshnan et al., 2002). Apart
fromthe questions relating to tunmour progression other vital questions
remain | argely unanswered by the recent studies of ntDNA in human tunours
(Habano et al. 1998; Fuss et al. 2000). Firstly, due to techni cal
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predi sposing nmen to prostate cancer, providing greater insight into the
etiology of hereditary cancer (Berthon et a]. 1998; Xu et al. 1998).

Pr ost at e wanoe@r10gseognosi s mai nl y depends on the tunmour ecagaesbogisade at

di agnosis. Only localized prostate cancer can be cured by radical

treatnment. Standard detection still relies on digital rectal exam nation
PSA testing and hi stopat hol ogi ¢ exam nation of prostate biopsied tissues.

Bi opsy of a mass is used to confirmmalignancy, it is not an early
detection technique. Unfortunately, sone early tunours are inpossible to
identify during rectal exanms. PSA tests have a s ecifici%ﬁ of 6Q to 70% and

a sensitivi t in ok afigct, thegosanpati e ctiyimnisabost 3 GA00ngy/m! afityrg medipmy prdy

Nor t hwest ern Ont apo er Cen -7 wer chni gue . whi ch refines

di agnosi sthf B?HCFQPF?(SHQP,@?? ‘éﬁm%ﬁugﬁiost'%g i cm&H%]g&&e]pUir%mg?]g?’dy- DNA anal ysi s
enpl oyi ng 1| %%n%%%%?ﬁ%e\[\t Q@ﬁ&ﬁ@d’ fiulthePdomphi9&) ste RN Bhting the 8mbSehHII que
measur es chronosonmal chariges that are only apparent in |ater st ages of
cancer deyshQRAE Bl fhell i @ated wifhi Meteiell befee heibating tHeamUtrpmnidetdeestwitn  of
mnor alterations in DNA structure or chronosonal inversions, or reciprocal
trans-9 ocAtiima. Imoneaspagt, ceeoess percPitess ofvemnptoigelip thesaliusmedim s a98ect i on
si nce progposis is heavily dependent on the stage of disease at di agnosis.
cQur under 5fandi ng of genetic abnormalities in prostate cancers is scanty.

Resear ch 1t & BTt ShBoRDACI: B LARURARY s Indhsred Sal RIA 10120aNedge

inthe follo cogenes (Buttyan et al. 1987); 2) tunour
suppress Oaayg,ecﬂéﬁcu(hﬂ@a’ in B E3turKletivanaithdvib@loti TR ENfor Beigoved, and thed @RBbat@hi r ns

et al. 1997) and 3) telonere/tel onmerase activity in netastasis.

Up- r egul atvithiRAofor 2@ howrerakys mrdvaapinsilircprodeningpreewsasgels.-c DNA in prostate
cells may provide effective marker

di IS, ; . .1el
servelGs a sin enother emhedigsyt, E@z"@ﬁhqséitffu%{‘?r Clﬁg‘gg%%la%eﬂ? r el?lg%;“gd egﬁg‘gpahg\s;ermy

provided evi dence for a "prosta " (=Y PN e}

chr o_rro§orrE‘S‘i]"t‘%ré’ﬁ't‘%%mgf‘frgqr.Ceqsgbg)cgﬂ%ﬁeda@? Eor}tégnlﬁqgg%é%% iadel?t;)i fy the
specific LngﬁH iR dbahS pleB@saitelld, In iSeniRRMMENGHEMbrektioh ddctdrtis BFGRr ker
is only one of several possible genes predisposing nen to famlial prostate

cancer. Onlitr cohessiirasonne\8el Bilgonin possi bl e marker | oci on the X chronpsone
(Xu et al.1998). If sone prostate cancers are olq¥%Leﬂr}j.c, th@g nTDNﬁegiecor'res
an i nport ant Ijpeageessmbedimsat, the metod urthenropeTisysid dnquiatinghe eRANdE

d d the int | bet I o nucl [ h
cases 1 comsapySughEafl S TR Sl PRl a et AR o eER, B2 S0 1y

mol ecul ar s%ﬁéﬁ%nﬁ [tafatin GAA refokiBshidy e devdRbehisilin Graaingingcellsl Igitiesispdot) U r
progression.” Ml ecular markers may be able to discrimnate between those
cases of pulagt afegiuneio PIMENYF \2hir D Micbhtaipingde2siipplepiest §1: 108, eammaereiatly ¢

di sease and those with |ittle chance of resulti i n . tupour..devel o .

Commar T sonvaihbindtco Gile). 2 leaproraim fLis b BREr sy etens g GRS LRATRE

tunor pat hway .i s | aten ressive. .U . r ;

f ocusen prrrdin g o eE RN R Re b REE ERhn RIS SR s

the mygh §§§A bﬁ)rc%)[%\% e n386AEnmke, act as a baroneter for events in the
(o

nucl eds and as s provides a neans for the early detection of human
prostate cancCefe peken iavintion fither Aro9id}d a kimfaritduntrigyembirypnihdten celspect ,

m tochondria have been inplicated in the carcinogenic process because of

t heir rol differejptipt.osi s and ot her aspects of tumour biology (Geen & Reed
1998). In particular, .somatic.nmutat.ions_ .of hav eg.if a
nunber of hun@iene E‘P?B?fihg‘e’@t’r:’ﬂqle;‘&lfo@?“%qs%ciléf@ggta%ﬁﬁ‘r’ gl q&oﬁ%ﬁ&n?@@@?%,z i g et

al . 2000) 'furlfk)e%%ﬁ%érisegm Yﬂi%elil n SLUALES: BAVRIRERNNE KE hiteel 8dn¥priseOsssurs @ad/bonal
as they have no onsidered the clonal nature of mtDNA in maternal |ines.
These Jsi Mt fgk Gie%SnsRehi [aRak aghtidihe Menkged s steoed drvbe st atlhoamativond t i me
point. This may or may not give an accurate |ink between a nutation and the
cor r espondinnijertispeashe Meaige] is@rosdedseparatelialn fyrhatiapatherAsPesyi thigiitst HRMEF nal

| i ne have the advantage of tracking a nmutation in ntDNA over tinme and thus
mmc the strength of a | ongitudinal design. Mitations which are common
popul ation variants, as opposed to nmutations associated with di sease can
both be identified. Aging Aging consists4of an accumul ati on of changes with
time both at the nolecular and cellular |evels; however, the specific

nol ecul ar mechani sns underlying the aging process remain to be el uci dated.
In an attenpt to explain the aging process, mtochondrial genones in ol der
subj ects are conpared to the genones of younger subjects fromthe sane

mat ernal |ineage. One deletion associated with aging is known as the common
del etion, or 4977-bp deletion. Aging research has been limted to this
common del eti on and pol ynorphisns in the control region. For a clear
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cancer, early detection of cancer, genesis of cancer, presence of cancer,
progressi on of cancer, absence of cancer, or sun exposure in a biol ogical
sanpl e hawongoam®NA, conprising (a) providing a biol ogi ealr/csangwleocs3
conprising mDNA and (b) detecting a deletion in the nmt DNA. Anot her aspect
of the invention is to provide an array conprising a plurality of nucleic
acid nenbers, and a solid substrate, wherein each of the nucleic acid
menbers is associated with at | east one del etion associated with

predi sposition to cancer, early detection of cancer, genesis of cancer,
presence of cancer, progression of cancer, absence of cancer, sun exposure
or agny, &MY cTiyaEMaurasien fctae sish@paFGPNp anefa enrbedisgpb el Kit fmther
nitochondpau DINA, ang qgwAi @herein each @ cleic acid nmenber has a uni que
posi ti on GRMBEF 4 SgPPd GG mediugy coRIRISBg OEGFat ed with the solid substrate.
Anot her aspect of the invention is to provide a kit for diagnosing a

predi sposition to cancer, early detection of cancer, genesis of cancer,
presence GRIEAMESCRIPTINN &FSIHEDRIA WBNGSr , absence of cancer or sun
exposure conprising at |east one nenber selected fromthe group consisting
of : sofid suppepte 14 shewsthedthredestepmidteodgiyovided imshesresent invadtidinrvhicthensol i d
support, neans for exté etion of mtochondpal DNA, neans for access to a

dat abase oPICECIHR TCieRtete MR WU BsPOSEPR 5l reagent's and i nstructi ons
Anot her aspec; [ ' ' QVi co i ni ng
nitochondrialhﬁ%ﬁlggﬁﬁgﬂﬁggg% og%ﬁwF@8%%§§Pﬁquggg@%gﬁ%ggﬁagﬁ%%%“%%sociated
wi th non- di sepiggreSiCak apictae UL epiteRLAIRIERs ML dfPaREBARYr@RP cells in
vari ati ons, sequences associated with intrapopul ati on vari at’i ons,

or sequenceepaseiobé tiresesten appraaclpr edi sposition to cancer, early detection of
cancer, genesjs of Cﬁﬁcer” presence of cancer, progression of cancer,

absent® of cafiéwie 1Dsiih aw pisurgs shoprngghiier-1issoRBrcheeiaultared cpls insteartdfon i s

to provid t tecting a deletion spanning approximtely
nucleotidggg%%%ﬁ%&g%$%ﬁ%g4 of the nt DNA genone, wherein said deletion is

associ at ed W FiuR2ASShWE tHALPCR resh|@ o thRje@fresdidhé o theH AR ce fRMIPOSI NG (@)
providing a biological sanple fromthe subject and (b) detécting the
presence dofiffernutiatie etls owlucad byreithertaDidin of RA alehesdnidadi stepg. be in the range of
3000 to 4000 bp. The deletion nmay be approximately 3379 bp. The del etion
may del etes aPEWBQBﬁﬁPWSHFI§%§€R§§W#§Oggﬁﬁé@ﬁ$ﬁmﬁﬁﬁﬂ@ﬁﬁﬂﬁmBZE§Oéonprising

subst ant i g ] ehydr,oge e suhu 4L, NADH

F R L o L b NS

t RNAsepne2,  apigure BNAhbRY GREZF-PERGENES 0PSB 8EHreRiont BEthE MEERE LA IF L0 provi de

a nucleic acid pprer 3.4 forward conprising TAG ACT ACG TA& ATA CTA ACC CTA

CTC CTA ( dopeiERidd@elld 83he @anicbfatepdcl ei ¢ acid prinmer 3.4 reverse conprising

GAG GTA GGA TIG GTG£§TG T (SEQ ED NO 140). Anot her aspect of the invention
§

is to provi defigHeafrSgws Hiammumplystachemiste) resuits of celisdndsiced bicihg thresriiep s, and
a solid s rate,. LnA_one of e.nucleic acid menbers i s associ at ed
with the %%&ﬁ?‘éﬁgﬁﬁg&‘mgrﬁﬁé‘ﬁﬁ?%?é‘]%} 0744 to 14124, wherein the

nucl epg acid 8B sAaws theYNiHEhi ROk QR 1081 BF ChIR G R¥ePNknE thred-80) V|
associated with the solid substrate. Another aspect of t Invention is to

provi de a akproaéhoataiokdagitiopiimeryskiibodyan Cepeptidarpri si ng at | east one nenber
sel ected fromthe group consisting of: a disposable chip, the array of

cl ai m 31, nedfigure 58 sheveithe gnsutie digminnbsedidiae trphydroabimide (DA BS gtaindng feartsof
nt DNA, pringers, .reagents and, instructi not her aspect of the invention
is to pro&?egﬁﬁmﬁEWﬁ%ﬁwngﬁﬁ%kﬁdp&ﬁéoﬁegéPé%n for the progression toward
prostate canggg,@BDRhEFE Ql%si'ngﬂin%/éﬂrs&% eSS ith ?ﬁti@h%ﬂ% | sampl e
froma subject, conprising: providing a biological sanple TP oM the subj ect;
ext r azi i ngndoddord 200Xt)he bi ol ogi cal sanple; detecting the absence or
presence of deletions of the ntDNA;, determ ning whether the deletions are
associ ated with normal nterpopul ati on or ntrapopul ati on variations, or
whet her the delettions are associated with the absence or presence of a
predi sposition to prostate cancer, progression toward prostate cancer,
prostate cancer or progression of prostate cancer, and; repeating the
steps. Anot her aspect of the invention iss to provide a use of a deletion
bet ween approxi mately 10744 and 14124 of the m DNA conprising all or part
of NADH dehydrogenase subunit 4L, NADH dehydrogenase subunit 4, NADH
dehydrogenase subunit 5, tRNA histidne, tRNAsepne2, 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 nt DNA Anot her aspect of
the invention is to provide a nethod for confirmng or refuting a prostate
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menbers, and a solid substrate, wherein one of the nucleic acid nmenbers is
associated with the ntDNA deletion at approximately 547 to 4443, wherein

t he nucl ewo 20@i@s3seber has a uni que position on sai d apPcaNanab/0essst abl y
associated with the solid substrate. Anot her aspect of the invention is to
provide a kit for diagnosing skin cancer conprising a disposable chip, the
array descpbed above, neans for holding the disposable chip, and neans for
extraction of ntDNA Another aspect of the invention is to provide a nethod
of nonitopng a person for sun exposure and non-nel anoma skm cancer, in a

bi ol ogi cal sanple froma subject, conprising. providing a bio I sanpl e
from t he subjFéete 3%R11¢%§hmtl19wp*?$wpﬁgGB?é‘? g&%é‘fpogg‘ﬁfﬁ?f&?%{?g?@%‘ng t he
absence or presence of deletion the nt ; } :

ol ot onscelle BguGEF Getniyeh oh O e APposi Are T B TRR,

vari ation r the deletions are associated with sun exposure, and,
repeati nggtpf?gt[rg%ﬂegéggmot her aspect of the invention is to provide a use of
a del eti on betMREBE a3 KhdWRdhe lintmbAdhistockédddryiresulth of BGRB reparter-pdnsfented nt DNA
genonme in a subject having ntDNA to detect sun exposure or,  non-nel anoma skm
cancers. ABBtREcellspddt hayk bednaniyped by thsrihiee-step approdshciained st M#¥r ¢ he

collection of a patient sa e r use in.di agnosin ancer by using a
del etion %‘émﬁ‘b’ﬁgmé‘ﬂﬁ’pWFWH%PQJI%&H@S%%@ e’%%‘)"u?%reg@r% A the mnor arc of
the mt DNA ge LSt 0g1 5oV kdiShs@dR Qb os) Ealsasanpl e from t he

subj ect . Ano&oﬁ%%ge %g%gg{slt%f@%#e&i”%}/ﬁgﬂwog I'S tocp%}r ovide a m tochondri al

del eti on spannipg4ARAEWXihERbAHMisoH 6F pessibilas obslirvival béuan differdneiateil welis-ar ¢ of

t he nt DNA genone for use in diagnosi ng sun exposure or skm cancer. Another
aspect of tiaheplintadetistietin niiee (no9)and\PEdetrapspleeted fliabejic s 6¥716h j unct i on
sequence of SEQ ID NO 147 to confirmthe prese of .1 9

del et Ibn assdigye &8 ShP‘f’ﬁth§@rﬂallé%li)%gs%‘(§i %Vcoﬁ%gl Ogﬁﬁfeﬁ%}nagegﬁg@%é’%? pl htgé\lA
invention is to provigde slitd pesfletection of a
rearranger‘fléars‘?Ft"f Wchthﬁagggpgsggg\%;en%eq cﬂalfeﬁig rleac;ﬁr aﬂgemsnt creates a newy
formed junctimgp,kBatAewbNA isaaMeRSecRiniarnys@misef insolipeipsissign ipPBYi di ng a
DNA sanpl e conprising or suspected of conprising a rearrangenent; providing
a primer arfansplpnabeicatit@Xspans the newly fornmed junction created by the
rearrangenent; detecting the rearrangenent by anplifying or probi .

j uncti on. TheFlg'éfSr5BaﬁhQ‘éﬁﬁﬁtlmWé‘§?°}Bétoir’]}l?“ﬂitb'l\‘lﬁgdtf’l‘?gpﬁs‘é]ﬁ ?’ﬁ’%ﬁ@‘%ﬁ} g?}flﬁ%ggég(g

del etion. Brief scri pti f, the Figures Figure 1 is a histogram show ng
the ni erceh?’trﬁ’i‘.’fggpfegﬁ lc%&%ol%(?l eotide position in mtochondrial DNA from
patients wi thpppQ%iah h&asHeRing HinEmblyshioBen (RES éalls indualidn apprdable
non-synonynous “cl usters produced using Hi erarchal Custeri n(? Exg)lgvgrer
(HCE) . Fi gur eFiguovshotis eheseaberdzehatprestionhef Ifshwhigh aisyindiead bY (PN AQ/RA
produced using Hi erarchal Custepng Explorer (HCE). Figure 4 is a copy of
Figure 3 vi#peradPlh the inportant cluster is shaded. Figure 5 is a schematic
di agram showi pg t esi gn and_ s ' Uselithreli 84 DM only as

det ection of P'I%Bre S Wsﬁéq%?rg%rrﬁ%ﬁgg){})?%s@%gﬂgﬁgg\?g%?] Show ng g corrparyi son
of cyghe thngshol d between malignant and synptomatic benign participants in
the 3”4 kb study. Figure 7 is a graph showi ng cycle threshold as related to
Exanpl e 12. Figures 88a) atespictures picesing thatfinabinduded 4ES welby expragecd<-aniidd 2a¢ar ose
gel showi ng a greater frequency of the 3895 bp deletion in usually sun
exposed skPdddApared with occassionally sun-exposed skin. Figure 8b) is a

hi st f the f _of the 3895 Lot | |
aken f rom i FRBFaE S Biefosseto by TR B des MSE ghebRagte, 2=

Uv-nducibbg_%Bﬁ&gase of the 3895 bp del etion observed after 17 repetitive
doses of = igure 10 is a schematic representation of the |ocalisation
of PCRspri ner gicand sTagMepiguredsowany tht BA indedd hBS ExXkreppressed amylageansct- t he
3895 bp deletion. Figure 11 is two graphs show ng the linear relationship
bet ween t epgtide &40®chcentrati on and the threshold cycle nunber (CT) for the
3895 bp deletion (A) and wildtype internal standard (B). Figure 12 is a
phot ograph of an et hidi um brom de stai ned agarose gel show ng the incidence
of the 3895 bp deletion in tumour (T) and histol ogically normal peplesional
derms (D) and epiderm s(E) fromboth BC& and SCCs. Figure 13 is a

phot ograph of representative ethidium brom de agarose gels show ng typica
exanpl es of their corresponding | evel of 3895 deletion as detected by
realtime PCR of three pairs of sun exposed and three pairs of sun
intermttent sanples. Figure 14 is a scatter plot showing the |levels of the
3895 bp del etion expressed as a percentage in sun exposed and sun
intermttent dermis and epiderms as determned by realtime PCR Figure 15
is a diagram showi ng the rel ati onship between bi opsy results and nt DNA
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portion of the mtochondpal genone, preferably the entire m tochondri al
genone of the individual using any known neans. Denaturing high perfornmance
l'i qui d chworradeoigsaphy (DHPLC) may al so be used to rapi dPgTIRON28EM00@EY

sanpl es. DHPLC can focus on hotspots of nutations. DHPLC is nore sensitive
t han aut omated sequencing in terns of detecting nutations, and can even
detect 2% heteropl asny, conpared with 20-25% for ordi nary sequenci ng.

Met hods for detecting | ower |evels of heteroplasny (<2% nay al so be

devel oped. As used herein, "actinic keratoses" neans proposed precursor

epi dermal |esion of a squanous cell carcinonma. used herei y )
refers to an FigeesRMak psmicsres Hamersthadipg neysed ﬁ%%?%ﬁ&‘p“teﬁ??d E%I?eé)@g‘?%f}d and
cellular levels.,As used herein, "alleles" neans one of several alternative
forms of SBIOVHI"ONA sequence occupying a specific place on a chronosone.
As used hereim, - 8k ti § b &hithiseH BimiRalMRikeAAREY cel BRANSutin Yeoidtioalbetheh ce m
whi ch sever al nterconnecteé el ement s "process information simultaneously,
adapting angehsea duiltde dnt@thgiMitcupatet erns. As used herein, "attaching” or
"spotting"” refers to a process of depositing a nucleic acid onto g solid
subst riat e t o FigredB inucinepagisercoidemrinally differantigte cellm r fpenside relgasg bgtyeen
irreversibly bound to ng olid ﬁubstrate vi a coval ent bonds, hydrogen
bonds or SERERSIIHIRNEANGARSSIRLUIUEY herein, "atypical " or "abnormal" neans
cel lular ap Eﬁ%ﬁ@?@A%gpesbﬁBgﬁsﬂg?dﬂgg%le116\}3P$on?ﬂa§190rpé?ﬁ(§1gnﬁ(§uc@<ﬂ)@&ﬁr to be

p
mal i gnant. As wused herern, carci noma” nmeans a type of cancer of
skm cel | s irafpl4tsRhistRNE hilde mRe PR ramplansd aficayandlsngiaduded chiéarhisplantedt
recurrent or progressive; not malignant.As used herein, "benign prostatic
di sease" aare.i nclude, but is not limted to, hyperplasia, inflammtion,

atrophy, prostatis, netaplasia, and. prostatic, intraepithelial iLa. As
used Hﬁr ein, FigyaapBds %Fé‘ég]é@g‘“ﬁé%ggqeﬁﬁgﬂ“‘toﬁe Eoﬁr?i‘?acfﬁéf mr(;tﬁ? 8?65%%8@%&20%&%
herein, "cyclg thr ol d" | Qj.Pi: whiichid el cambodkgati on
ri ses above blﬁ% rﬁrlggﬁsd% Slgg&%%lwgﬁg%ﬁ%@?e@%éﬁ%p sulch"als a flcuggescezce
signal . As usggyBeNBisRows Bk aa0RSE hemardfucledi GeeiGs angbodyeairtng) Sidigting€-
presence or abSence of a nutation or conbination of nutations as a factor

i n di seaseegiidgresivs celis ammdaiyeddnm hufee Efetede {408 of the nutation(s) can be

a step in the disease state diagnosis. As used herein, "disease" includes a
di sorder or other abnormal physical state. As used herein, "disease

associ ated mt | fo*e’flnl FPER@B AR T Ng mut ations

i ndi c?ﬁi V@E?Nfggﬁgﬁr}%g@lpgg?gm a e%ﬁs\%%?ﬁRg%partl cul ar di sease. As used
herein, "dat 3hasss sARAISHAReEhRAT @Mk 6ol 68 aueifRyidY Ridudedaopiffeemtibased usi ng
standard i ndustry software) which will have the capacity to store and

provi de r guicreviaiplcells (Hlgsznmtd R Czyh Kanial G, et AlaBrpresseoneliTané insenlyyeripstamy
determ ne the structure of the nucleotjde seq,uencgs. The Q(éat.abajfe I¥1¥' ICI al so
store desegstrromotendigieraatiptinn ofthetHn-RISHLE PFOEAPHAT ANA MU IBrISPElE (St HE

bi ol 091 cal, 53ph % 1 KL Sodle R RickY D04 i ARIBL Tt A Mokiades beglt h status

and ot her . . may~ be correl at o the bi ol ogi cal

sanpl g A\ HEEMaNBERINR elodSFR BEreniRRIEntRyaNES te@f Calsr Bigbaes 2H04DNA from a
contiguous sequence of nucleic acids, where once a del etion has occurred,
the gap i $3126pR0669). Hywee,onast ofinddctivhetragies toDle it omsmenth t¢ elgie ipswligi ze
fromone base to thousands of bases or larger. As u

ed herejn, ..
" dupl i cat ipositive erblaris thineidy agouelithice-sa RFARD WS OP@%Bﬁ WroRinaifler t ed

behi nd f f t i | | 11 | i
the genoms! ST SeAAHEAGHRF mIEReP ST S SR TR R SR 1
nutations .. g, he.dp HPERPAY me%hd SEHUNELSebiidlr BpRBRhOhe Indiced dlls.form

Het er opl asm ¢ nutati ons are those nutations which occur in some, but not

al | ohst hereopilasikefcluskes andteapleanshntahtig ndmearkés indednhimsdinm pdx-hogheigl asmy”
means all mtochondp al sequences are identical. As used herejn,

" hyper - nutisi rohhnfidand caceled weewedd Znineatad digberia fucs#poB frappidiétioBe expl ai ned
by normal cellul ar processes or standard evolutionary principles. As used
herein, "inversions"” refers to when a length of DNA is excised and
reinserted in reverse op entation. As used herein, "maternal inheritance"
means mtochondria which are inherited through the cytoplasm of the ovum
As used herein, "maternal line" refers to the clonal sequence of

m tochondri al DNA as passed down through successive generations fromthe
not her. As used herein, "mtochondria" nmeans a eukaryotic cytoplasmc
organel l e that generates ATP for cellular processes. As used herein,

"mut ati on" enconpasses any nodi fication or change in a DNA or RNA seguence
fromthe wild type sequence, including without limtation point nutations,
transitions, insertions, transversions, translocations, deletions,

o, I T Y L " Y .




i nterchangeable with the term "pol ynucl eotide". As used herein, a "nucleic
acid target" or "a target nucleic acid" is defined as a nucleic acid

capabl e oWokwewdiossg1t 0 a nucl ei ¢ aci d nmenber of conpl enerCarON28@HOEISE e

t hrough one or nore types of chem cal bonds, usually through conpl enentary
base pai png, usually through hydrogen bond formation. As used herein, a
nucl eic acid target may include natural (i. e., AL G C, or T) or nodified
bases (7-deazaguanosne, | nosnme, etc.). In addition, the bases m nucleic
acid probe may be joined by a |linkage other than a phosphodi ester bond, so
long as it dogs not interfere with hybridization. Thus, nucleic acid targets
may be pepti g@r u@?tgfsc"eaﬁcﬂgmi}h %F'ﬁfﬁm?tﬁ‘gelc A% {PRATEAE rofpa db surgrperieidd by
peptide b : S i J ef.erab the nucleic
Do d tar goreedRdEha b IRT SIRCRARR EL Bps N BP&Ry EhFiiSk Aot o

pr ef er abl yievaldpmentdi ieia@lisatfidd-stadiIGR8 Prodéi@ that Bebifs 19 Fhe ATHE Stk ANY ©fhONA
RNA, or DNA-RNA hybrids synthesized fromhuman tissue of fluid ektracts. As
used her ebindingmieptéiin to the asibsurface reogitoraan spiuceithe expregdoned finganiy Reidae
eucaryptic ﬁ:el.l, %ﬂﬂ;t ajns all of,ti]h,e, chromasonal DNA. As used herein, NPV

( Negat T ve "SR bandgaqascore Rinichtin impastapteler easty ndpdas developmenn guman,
tests tha t i se or condition being tested, for. It
assesses ??{g&r @WSE@?’?@ ygtgafl.déégnﬁangii?xp et ]e[g?te FERf ™ gucétaqnggﬂegpit%%arpg NPV=
(True negpiricy@}ic faté. DevelopmenthbbisR P0G 5362$)9-155, @ﬁﬁ@sh@éﬁ@% "a%gaSi onal Iy
sun exposed sknt nmeans skmthat is occasionally or sonetines %‘xpo ed in an
i ndi vi duabathways iexanippKenopde perbtbipmgnio Cutrl@pin GehatiDibwai00 1;i1(SH833-540)| Kigied et
shoul ders,, back aﬁld chest. As used herein, PPV (Positive Predictive Val ue)
means t he2lJ&PUEAtha pcthaR Acrould inglios ESslls fodiffersatiate msa dafinfiinpiendodehra calis ease
or conglit} t I a S he . reliabi]i.ty. of positive test
resul ![Mi Tﬁg%gaf’cs:sfh?%tzglg%{ ’isggrﬂf)@iﬁre ﬁ% %%Vse’ll(fplnvg OfHe{“?EWS eﬂgqgﬁ’f“%go‘ﬁ‘osi tives)
As used henBiybnic'sR2 eell€ s culiiRA cidsh & ' ihiSon i gen
found in bl ood that may be indpg\éﬁ@z&%?@%gﬁgéiré%fl6?%};%?%?%0&ge({tlvg?rs]Agéﬁed
her ei n, " pairave imeitlitseontiomimaniutet buchapaeraafic Blesd (Fidrd MUcieo! Md@héta PDMA.  As

used herein, "polynorphisn neans sequence variation ma popul ation of

al | el es ofl AFPHRAAGEIRBHESS ingulinsseretie igicultured hepeir pancreatie fstatss I Endeonimoh.  DNA
mut at i on, j bon her eof , . i pdi cati.n otentia | Sease

associ at i %&EStgg%%%@}%%r%%dh and Eﬁg}él&fes%%?g xag1898ﬂ%ﬁn§@3gce}3 CS}S dyring

" pr edi $pogdveioPmehiOand rEicREaAEN o PERNS irf Madbetic AN hgRETet il Sk Tor
devel opi ng tk?eﬁ di seasrgg or di s%ffr]%er (l)r areel gtélﬁkégﬁégér &SZE?}[%’ %ggﬁfief)éllsa of
t he di seadetion Adinddateelltimaiféchen Regshagdon ofiPancauad 3-CUeit ednb@l Presence or

absence of nutations which are associated with the disease or disorder As
used her ePePtozgfasin Esated Kats Dinbetas 200445 T:688-6hD. Atcomhimaten dfithese farctibhéofl evel

that a cell. e on.the threshold of becom ng negopl astic. As used herein,
"presel ec%‘%‘c\f mri)e(é;ipno%x’p,lam B?‘géléefe}cﬁ‘éﬂ A giks A ourgy Stg‘ﬂn?‘?‘f%‘iﬁo@ﬁ PEgTecEElyers to a
| ocal i zedjeakdirad haRRSE 4 ol I hS 4l used for
the deposit of “a nucl eic aci Oﬁfg%?kgh(ﬁ;?%x‘g’?%mggfnrégg%&g@ﬂ%@%@ﬁ%?gﬁ]% n the

al t er2iat i usbrasniapireedae ot editiowgo Anictions i il@lcYioR of @6HeARA and Hag deFESE! ect ed

regi on nmay have any conveni ent shape, e.ng. , circular, rectangul ar,
el I'i pti cafevelppmgediadeniM. Bote and dissihnsion nbrstineteatid dusing £&Saleedbpdenteigt on i s

| b f ly | han 1rm®, still
o of er abl S 628 11208 TE TR el S Brvb cmme IR b bt B ERBINdEeD. 5
m2. As uSr%ﬂx_ah@m%'aHue_riBP&p&Psfi&?&Qﬁeeé?ag{eg?amhﬁ é@d&d%rﬂq.ﬁo%)“@&élgﬁgﬁ&ﬁﬁg o5 may

het eropl asm ¢ nutations and, ther I't iI's conternp at e

be addi tiRAalghyliftghiey PVSsENeRibAE c&HFRNBREIETerh NN RS BIYBhE eRloMRInch t he
mutated DNA is present As used herein, "rarely sun exposed skin" neans skin
that 4% r@&fadfoyd 8r PrirgedV s Retinpic éyepbsigabling isanquiiredifer aderétical dady sep anpéteafish
dependi ng_on the individual, it. i ncl ude buttocks and heel. This may

al so be gﬁlnfrgﬁfm ds"ﬁ%‘%’?“@i“e@'t“éﬁ‘t%é‘gg%’. 2004: 1gEldes TREY-£129). FuridammarendlipaiRi ey e

t hr eshol Fedl ' . [ the fluoQrescence crosses . the

t hr eshol geﬁrﬁeg .tﬁa}&swgg ed(!I E’g?(ge%d%h ﬁ‘%gﬁ%ﬁ %Méogrué}?qaijfglmaaﬁwn r‘r”e]?H §§$edc% ﬁ‘ﬁéﬁ“*ﬁhdw
sequence after fertilization. As used herein, "solid substrate"” or "solid
support" refers to a material having a Bigid or sem rigid surface. The
ternms "substrate" and "support" are used interchangeable herein with the
terms "solid substrate" and "solid support”. The solid support nay be

bi ol ogi cal, non-bi ol ogi cal, organic, inorganic, or a conbination of any of
these, existing as particles, strands, precipitates, gels, sheets, tubing,
spheres, containers, capillaries, pads, slices, filnms, plates, slides, etc.
Oten, the substrate is a silicon or glass surface,

(poly)tetrafl uoroethyl ene, (poly)vnylidendifluo pde, polystyrene,

o S o



M DNA and di agnosis of specific diseases In an enbodi nent of the present

i nvention, nethods are provided for nonitopng agi ng, sun exposure, and

di agnosi nyopa@ciogice di seases such as prostate cancer angcmanNnmlioaossa Skin
cancer through conpari sons of nmt DNA sequences. Diagnosing di seases such as
prostate cancer with ntDNA, rather than nuclear DNA has several advantages.
Firstly, ntDNA, a | ess conplex genone, is easily understood at an

i ndi vi dual and popul ation | evel, hence a | arge nt DNA dat abase wi t h nornal
and di sease associ ated genones renders individual diagnosis extrenely

accurate. Accordingly, variatiopn, in relationship to disease, is

under st oo&.f”@H?&?&gﬁnl?ﬁtmﬁgﬁQ&gﬁni‘éthltﬁl\@cﬂieéﬁérja‘fﬁtl\élﬁai Ioppzevie K, ettidn nucl ear
DNA (\al | : ) : nt.S . esti of prelimauaary
RSO & LR AR AT G AR A e B
somat i ¢ M@eds. iMatsetes D04 Dley 7 inPt i i C Q. :and
is essentially cl oe:al i net hzggﬁwe%?o%]ﬁgjzd@? g%bctraégaigﬂﬁmr%tﬂ&f ﬁéqgézjsng rﬁl[’ebﬁlA
sequence, tiealitferentiation ol emlotrionartdhiustatéedlngiredvaidintiyalirolgh gasdring actedneah@d.

Addi tignal I%/:, nmt DNA does not_show convi nci ng evi dence of reconbination,
thus any HPfesyigionpidxn seag(Bredan B, Roido deiaguay ¥net al All-troneretingioetidndr i on

ot ng. man Py Heltn sEa R DRSS Gne sERIS oo DDAt ey
nm t ochondpmbBBhicGBhdredsDDMibeie PO %%((%:%)-‘3?)( RAML LRG z&ﬂﬂ Q%Eoﬁ%ggmc@?eg enomes

tolerate very high levels (up to of ‘mtochondri a anage

Thi s happéneage bt the gkpensmnll cxnwrittealifia@entlayiot berigedoéad par@resk HevelopRRFIAIRAY,
(Chonyn et al . 1992). However, nutated genomes have a rephcative advantage
over wi | dP#yfe Biandiset eheleRefinoia i signating pspanjialfonpanereag #evelphientendal .
1991) ,, he ere is clonal expansion of ated nt (Bperl ey et al.
1998) 05y %ﬁ%"ﬁgﬁﬁag‘%‘iﬁ% a{ﬁ%F ieﬁ%e“ﬁ%i@ﬁ"eéa?mgeéﬁaﬁ?ﬁea Fliagon w Xenopys Dgyelpgental

sel ecti onpagedy w04 ek m4h P OF el i ' Lengrevat ed
mutation rate, nutations anoz/ ore %I bl%}l%p%}ﬁg?g&%rﬁg%?ﬁ?%%ﬁe‘t%t\l\,ﬁ!%g‘!rn%mOf

mai nt ai nepartcheatic glecther dellf endsqpaocrdie ctie Dugh tHnndRierSES Y8lsasidenltRgor d of
exposures to various nutagens. The integrity of ntDNA is maintained by

nucl ear r EEr¢ endederanlingage uppndiaivined dtuctien, Riewd! fugbér framoteeedodstg jesiged t 0

result i nsp% 0 donm nant dlgtotr der. assoc ed wi.ith nultiple

n.ala}utl goorgalr ds L . pl
m t ochond AR el Bt FABRE AL IELHP s f Iig actYiggh fnddn dadpsaan IdjiTeremtipied nay
funct{on agfb@Bnie ¥ehYceVakil i.nel: event |ated. to a
variety of clg'n?:]erse ocre ot he?@m%i@%nggég{w @{Oﬁgﬁ%%apﬁg S%Q}E ¢ %Ed%na ggaggrilgﬂfél can
be sequenfedhasutianminilicatee thaf esmbthkitiahiop BgivnAaRd RIS sikado iR@Rk Sarly he
met hods and products of the present invention detect both heteroplasmc as
wel | as hensiselsealldiffereatiation stom embraienic staetoeto Jhaprasentrimpteatiooaiso nay be key
to the detectio he early genesis.of disease, disorder or agng. In
addi ti on, 36&‘?%"1%%%&%@%@5?? o8 ‘%ﬂ’tgné)tt Ve égé ﬁévs megg effcentthpmpith eply ne of
di sease satgy i b ' . |, qutation load is also
i nportant in %et er mﬂlﬁr%g {%%%gg%éég%@fﬁ&éﬁ%tgéﬁ?%&cghﬁedparsgaI}@g%rita&ﬁeatfacgl?u.lar.
di seaxe, matlixSor sidtreay diffgreBtiatibAQnP hRESMon iINVRRY, MRidl | OW&nfrObf dxdbBcaRidi t Y
to exam ne benign or normal tissue or bodily fluids to determne the
ef fects omaiyrin@yding lameninahé gyl Sicwraudh o5 FEF eskTGE Bfisdbsaidddor di sor der
or agny. For exan;p resent invention allows for the ability to

le, th \ ( .
exam ne DREIFGAIGR Q%?Pét%?e%dg@rﬂtvnftha fmatign ofthiee giraensional qyptiqytaichiespndsi a,

neopl asi t d | i . and. mal i,gpancy. . The mtochondri al
nut at | ongprag{lsg%{ g@%%dh@%n& 6 Sov%??@%gm?nngté\me# %lheg?'r@%?&r&‘?’gﬁ? g@fﬁﬂ@%‘m er
and nt r apepgnitol 0Bl GiticalEacions 1t TASHDIE R NG HARSh RBYI: bARk ﬂc‘?Celtl).
conpapson wth mtochondrial DNA from non-involved tissue fromthe subject,

or widh nSuloehdhaleids 20085 F2r2067 200Bt GittealGK el ahbisy proved thaslapdiin eeesgRry to
anal yze the entire m'tpcho,ndrj al ?enqrre. For exanple, it is not necessary
to sequenB¥OL $ERORETTS 8t Matrigelh Sriayalvad iparngpaembrnenic aanseatie dugidineagon of it .

Accordin . ' hondpal n_pr.ovi de a di.agnosi s.
Detectio%kg?néhﬁg@gggég%gnpﬁggﬁgmgﬁg%ﬁﬁggﬁﬁ%GP%PﬂéI?ngﬁfﬁgﬁﬁmﬂmgwéﬁén1for
early detection of mtochondrial DNA nutations and rearrangenents, for
exanpl e deletions, as a result of sun egposure is provided. The particul ar
changes, such as the conmon del etion, the 3895 bp deletion identified in
exanpl es 13 and 14, associated nutations, and the incidence of as yet
uncharactepsed deletions in nt DNA serve as reliable bio-mrkers of sun
exposure. Diagnosis of Skin Cancer In a preferred enbodi nent of the
invention, a systemfor early diagnosis of m DNA changes in non-nel anoma
skin cancer (NMSC) and mel anoma skm cancer, and their precursor |esions

i ndicative of solid tunmour devel opnent is provided. The particul ar changes,
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organ or body systemin question, indicates possible disease genesis. The
person is then nonitored, at successive intervals, for an increase in

mut at i onswatzoefoesec1si t es, and/ or an increase in the nunper/@bomubedssed

m t ochondri al genones, indicating di sease progression. Benign tissue from
t he prostate cannot always be considered non-involved hi fact, as can be
seen in Exanple 9, below, what appears to be benign tissue nmay contain

m t ochondpal nutations associated with pre-neopl asia, neopl asi a,
progression toward nalignancy or malignancy. In addition, nutation |oad
rat her than specificnutatioons may be instrunental in determning disease
and pr ogrfesbinonseqiandiatidmstacel s Piabgics &M% A8 7 A&t Bbd Coere e, Frad S8R S nvent i on

detects heteroplasmc_as well as ho l.asmic nutations.. T tate gl and
s mont t GHEHOWSID e ER DR AL REIe o PR BT S R R fEeRE: ¢ o

massage fluj ) 1d.8%E | LTINs T e lepfhedial GX3 Bealtied
(DRE) of [{)ﬁég%sgégdgt%a‘%éeé@%ﬁs \l7\,1l%tg %I hlf':n Eltlg% nCFagF gé gg&rﬁaégﬁﬁ ated, sneared on a
sl i de andyshahPesheWittdy BSfrinTHUNaRREONE g ikt olusterieBbfdrotii SyTantjapost at e
epithelial cells.” TheSe prostate cells are selectively recover ed_t hrough

| aser scapWeir&Qietalokniiss editivaivon of hemai istethbera expandeshaiots! digsuenseNed| 1 s i s
anal yzed and conpared to m tochondrial DNA fram non-nyol ved tissue, and/or
to sequendess B U Hiog00&qd: 7P P-p dopthearsseht *U‘ém%a? B?}ﬂ%n.r%&tgg%@g‘rar%lggfw?%e DNA
anal ysi s can conprise .se nGi - : i al ' RateEn f rom
t hese cel T°5Ad '?%ﬁﬂ%ﬁgﬁgaﬁ“%%é@%F%gﬁ8?%ﬁg@gggﬁgﬁf§§§ﬁ“fgﬁ%ﬁge with

bi opsy naf,efi@hintdr@alag matrt:nal by, BaH d1istérd adlli@ nb) formmel L& ebkitofuathpd shbyntine
entire mt DNA genone w th overl appi ng anphcons. These PCR products are then
sequencedihbyllusetinacsameles hkmafm, differetioses delis gew better orf mairigel thay enlaminin
resequencng arrays. Sequencing results ?re screened %gr qetﬁro§lasnies and
mut at 1 bnsotgetatinonpish duligages shay Araness eandiiek MORHIPAYPIRR Bira g MBS ci at ed

W th naligﬁant and benign prostate tissues. Based on these conpapsons a
desi gnati 811 returned as to the condition of the prostate in regards to,
but not i mitegd oecRemivaRichMas Pl Akl @REVe! tRESsBEIrash avithrcombaptiasaf (1 ow
| evel of nutations); or nmalignancy (high I evel of nutations). In the

si t uat i ona@fvih&NRANandpEionaypbihsi mataratiom Eopirawhich careindwesstheediséan be

moni tored for progression through regul ar PMF creeningﬁ as des r%b?gp

Al t er nat i difeyentineapeyiunesiorslingilndRrasHCiRg sellsdR A SERTLBH P e G SHEARG RS THF-

atypi cal, _abnarmal can undergo siml.ar t i I ; ure
i Lol G s BERR Reeges He Hgh ey PRI R e ol Sl bt il B BT TheaRRY
slides, or mountad id feH& e%ﬁﬁgé MPckABidmnbeatt p tal hanedgdays M aeisulad] i on,
anplification, sequence analysis and database conparison. As an alternative
t o sequenging gla®) tneBreparnil b Morkoven, Watsaigasetorsriauying &posyr geae fnvatedgy coul d
be used to identify a specific pattern of nutatiops, or._nutation |oad based
on any nudbenstream of dreslimaromsierothe prrseripvaRt @hean rpdice e flserBeLe4ae by ough
the construction of oligonugleoti r.oa spech.fi

ol i gonucl Qﬁ?béfé'g‘.”a@i oy %E%@%&g gﬁieﬁen?:’ i 1Btz) 1@%}#&@?@?%3&(1:%rl?ﬁglﬁ)erﬁ’gasm DNA
nut at gns 48t 1§slf1%&8§>§'e¥5ngl@§ ﬁéréﬁﬁxlggr, bR ﬁﬁes@ﬁttiﬁ‘%i‘\ﬁ@n e4n 4184 @bduefige stieptozocin

m t ochondral genones associated with pre-neopl asia, neoplasm and prostate
cancer, i nstudinAged @idbuli@inicervieh beiag atngplinatdiunder reead canlsst Eheindidiesy
tissue can be tested for pre-neoplasia, neoplasm and/ or nmalignant .

progr essi epstém desstibed lehweio offbrsc nevi inivise inguckion magelfRr stidyingihe ‘W{}%\‘%Pf or
abnormal by conmon hi st ol ogi cal /pat hol ogi cal , ar other. clinical hods.
Simlarl y,Palt‘%%atBl‘@AcerHQmE?é‘Ogﬁﬁ 9%@6?“%‘6?0“3 B’éc@l?rf’?” esd%?%?‘?tba?éé@%aﬁ lrésgghknom to
be associ ated w_th,dj I r. This can be done
by using Iﬂfﬁ%ﬁg ecalls?fggﬁ%iﬁﬁgafagén %@ngﬁé?gﬁ%ﬁcﬁaggﬁéti ons. Assessnent of
mut at ixgns asseeligd Gl BirehulB@ieagibdh the Syeheon, drckametvib e ofore teedipyr welerstood
invention may be used to assess agng, based on the increasing freque cg of
mut at i ons tstoagh mdertrive td therfolbywide pxampdes; which agprovigedpitive paHuSHIaR PRIET of

t he m tochondpal genonme (Lm &t}%al . 19972].. This information, in conjunction
with heal tWtWW§$t°oboﬁ1§‘?‘ ig PHE PESEE RNt i stical discrimination between
separate causes resulting in the sane nutation/deletion. Fortunately ntDNA
is inherited exclusively through the ovuipand is essentially clonal in
nature (Van De Gaaff & Fox, 1995). This permits carefully controlled
studies of nutations/deletions within maternal |ines through several
generations to determne a reliable age related del etion frequency. This
informati on may be used to devel op treatnent nmethods which sl ow the agny
process. Collection of sanples Biological sanples can be collected by any
known means, whether for the purpose of constructing a nt DNA sequence

dat abase, or perform ng a diagnostic test on an individual. Sanples
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anplified, a DNA pol ynerase, deoxypbonucl eoside triphosphates, a buffer and
salts. The nethod of PCRis well known in the art. PCRis perforned as
descri bedwonoddioics and Fal oona, 1987, Methods Enzynol . PCTADE006886683 her ei n
i ncorporated by reference In general, PCR is perforned using tenplate DNA
(at least Ifg; nore usefully, 1-1000 ng) and at |east 25 pnol of

ol i gonucl eotide prinmers. A typical reaction mxture includes: 2m of DNA
25 pnol of oligonucleotide prinmer, 2.5 m of 10X PCR buffer 1 (Perkm El ner,
Foster City, CA), 0.4 mM of 1.25 mMdNTP, 0.15 m (or 2.5 units) of Taq DNA
pol ymerase (Perkm El ner, Foster City, CA) and deionzed water to a total
volume of 25 mM . Mneral oil is overlaid and the PCR is perforned using a
progrannagkﬁéaggrnal cycler. The length and tenperature of each step of a
PCR cycl e wel | as the number of cycles, are adjusted according to the
st ri ngencyxd@sleil ripaRdiios of hi®fdnittyonidNae atlispotRAgedtatdlle and timng are
determ ned both by the efficiency with which a priner is expected to anneal
to a tenplate and the degree of msmatch that is to be tolerated. The

abili tg/ to qptimze the stringency of ppner ar}neal ing conditions is well
wi t hm he kridWpss gpReifid. BRteenGree werdn AR xamples 1§ ?fstt%‘é‘a%?rlf’cerceﬂﬁg%mneal i ng

tenperature a I

derrlrgt urati orﬁ%’feﬁ%% (qu%e EglReg(ﬁ% sﬁh}ggs(rgnatlJ ]QO%,%%EQ Pet){)%tv(\)ggﬁ 92C and
99C for 4 iyt cefl @ult&t\!\l@g{l\mﬂ i0e HOmGYRY 9%3&@%&%11"@5‘1% ceignafder |ht.on
(94-99C for 15 séconds to 1 mute/ kb), annealing (tenperature determ ned as

di scussed Abav8ci. USA 199819084)4-8428) veszelnsed)m mma@co ‘sMddifiechErgtd Mediemf i nal
ext ensi on steE is generally carried ou m nut es_at 72C and y be

f ol | owed bSPI‘é M, rkgor BREEW It 26% fﬁélﬁ%“@t%’ﬁ”h@%ﬁwo‘g@&ﬂéﬂ@;l‘mj) known
means gence t.h orre may be used. Preferably, ntDNA
i's an‘b(ﬁlfl 6‘6‘?/13[5 ﬁ’f%‘“’{g&?eﬁﬁ’é% S PCR products can be sequenced
directly or cloned into a vector WhICh is then placed into a bacterial
host. Exanpl es of DNA sequencing nethods are found in Brumey, R L. Jr.
and Smit hj. [ESMe]l ci8fE anRdiffecenbbifors@adieioas.ng by hori zontal ul trat hi n gel

el ectrophoresis, Nucleic Acids Res. 19:4121-4126 and Luckey, et al,
1993, High saéeapwhséé@eﬁw idferpptieting info pagorepdic Bé@‘@c(ﬂrr@f'pﬁ@? W%acﬁ,ws% hods
Enzynol . The conbi ned use of PCR and sequencing of nmDNA is
descrl bed igHrel-‘d% olleyvs: "ot "al, 1992, Strategies for automated sequencing
of hugmn mt DA Feeihoe iR R EBY Rk Satid, EE%@l'Tﬂ‘W&‘é%%sé&at@d?wﬂgt@ﬁﬂ
Tanaka M et 5 1996, Automat ed sequenci ng of nt DNA, Met hods Enzynol .
264: 407- éﬂﬂsu@p&n@éd o Perelldyshies(Adpich ediext triscoméntpwvith @ 0aF RS/ BidfEMadthois t he

| ong extension PCR (LX-PCR) technique using the Expand Long Terrpl ate PCR
system (Bb%ﬁﬂ?gé%t%@iméi e Figyre )tlﬁ%swmpdiw@cqﬁlﬁlr@m@tedwmclﬁ has been

Chero | o THSTDUBRT YRR ok By B MERetoes PR it SR Pl s o

del eti onsg@as 19 ‘393%%&aﬁooorﬁﬂﬁmg'd%kéj%%ré’ﬁulﬂlréd AL p@éwgm with 100 ng/ml

sem - quantltat Corra Debrinski et al 1991) can be used to
estimpe tadsthpAqs@maomzoﬂaoﬁﬂ@erhiﬁnmmwasm&ma it h0% IFBSYRMIEM &dr 6°8 Ed\s asl n
addi tion, Southern Blot and fl‘obl ng techno ?/ | abel ed with isotopes or any
ot her t echmintrrealadftershististacya dieldnforhletlaaﬁthBmﬁa styeergiedeirgdoin 198 B $/BYIEM

detection a el | antitativ can be used to quantify the anount of
any speci 4! 1‘@’2}!\4} i ‘&‘Té?r)é‘é’tanﬁg‘%%)%%f’“&l mer that bridges the newly formed
sequence Jun%tté%o gﬂﬁn g@{}ﬁﬂ bt ngé Egg{leg}r&g érﬁﬁeD&\'PfeJEH sytg%eme#a%urgga@ar ed

with the quant| termne t eproportlon

del eted niPNA; FBSME%Wltﬁ@GHgmlbIFQ}FQS F?:@Rfopsomb@b SdufiRy whikhhosteélks nmay be
used to sequence the PCR products. Preferably, the entire DNA sequence is
char agf er slredppitiliattibxgorsepiiondsendriguss Hg). ABI Bi g Dye Terninator (tm

technol ogy and a series of 72 overl appi rimerg each, for heavy an i ght
strands. SequdficthemerEihS isylipAred u%lg%' Igi e SPFP"‘&S%??@F HatiFRA WETe Sﬂﬁcp‘ed to

pl at f or ns IR )T
per f or med Dz}g}glgl{ i ngklfco\?ﬁ;fQL u‘?ac 2s8rplé§Z$1g om*rén§9§| on. W%Jtpggﬂqaeﬁ{gnal ysi s
of the mtochondrial genone using denaturing high performance |iquid
chromat ography (DHPLC) Prior to sequencildig of the mtochondrial genone and
identification of nutational hotspots, DHPLC can be used to rapidly screen
for nutations in many sanples. This techni que provides greater sensitivity
inidentification of low |levels of heteroplasny. It cannot detect

honmopl asm ¢ changes but will conplenent traditional sequencing. Apart from
t he honoplasm c nmutations recently identified in tunours, the vast ngjority
of reported ntDNA mutations are heteroplasmc (Chinnery etal 1999). These
het er opI asm C m DNA changes result | n the for ITB.tI on of het er odupl exes after
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Data m ning algorithns known in the art are used to di scover patterns,
clusters and nodels fromdata (SAS 2000). Moreover, intelligent algorithns
and net hoate 20ed/1083s@ devel oped for: occurrence of mnutati eoTANLOBRMEESB 0N
rates, patterns of nutations for disease detection, information retrieval,
and ot her conpl ex sequence anal ysis software. Nucleic Acid Menbers and
Probes The invention provides for nucleic acid nenbers and probes that bind
specifically to a target nucleic acid sequence. The target nucleic acid
sequence is a nucleic acid or a region of a nucleic acid that is to be ,
det ected, _gas indicati of .di sgease ch rostate cancer, .non-nelanona
skm cancef! ﬂ&ﬂﬂﬂe?Pgéﬁlﬁ?W@“§§86@¥iﬁﬂ@@@%@eﬁagﬂmﬁ%aﬂgH%@ RigotHBMdRAl yzed
using a g r ] i b Lvedsfrom:-huna

i sote or (PP kulred RE LS WAL S B SLEL 8 Lerd 3 M DRI ARIR
sequencesembiyphit SieMeRNA iAkulMUet@lify ARicthr&QiHhBERO PG tE &1dNAcichde €-

cDNA), or DNA. Nucleic acid nenbers are stably associated with a solid
support t 200¢PBr1i38e-13%. A hamompbologyoihells wvas hieserved @ndérarNikdhphasercoraiast aci d
nenber§ may be single ﬁr doubl e stranded, and may be a PCR fragnent

anpl i f edmf%%%qﬁ%rwﬁ el hedesutis show @P%‘tqs%%lkaé@rmeérchﬁwwyhaecpr@gwwg (see
sequencesﬁl?gpﬁﬁaﬁy a probe. As used herein, the term"probe" refers to an
ol i gonucl eot I de ch forns a duplex structure with a sequence in the
target nucleic acid, due to conplenmentarity of at |east one sequence in the
probe wth a sequence in the target region. The probe may be | abel ed,

accor di ng2.tRI-ReRrodlysik nbgenemxprassiarin differgntiated catcor di ng to the i nvention
may be single or_double stranded. Di agnostic_devices The invention includes

di agnostic dd9iatBEAs\eyexkactsd By kaisignoxgidrdt diakpRalfromithercsHs nsep 2vestend

di ific. di o dent.i f i fi tati. . Al d
it ocronaPnER vstsiofad ARy ool SR ol FRE LA S5 BAEN B Sy fas o FET " pe
base pai r TRéH RNASIRNM verROrALRibRS ﬁh&@@maoy%mi@iévk@ﬁ trh B NadePrddiRRr Li On

of base pair deletions and nutations associated with a particul ar di sease
or di sor dBER whkpedoragdosth Bx Baq prigeereset(ThKaR4)én PARadiffen Mrkabeditiomohérps,
gene chips, or mcroarrays. Once sequences associated with particular

di seases, asfoiews @4s¢ deresmay foll pwest et scvsles (34d Erdenptueation fgr0isas, 24t5808 of

nt DNA t | | eot i b, .to. identi ti.cul
N o P R RIS I S E HES b B 2
arrayid s peRGeimd FipalaSIQb] iBIONBGLEALL derPE QRS TR P ERR Wil drrtype or
nmut at ed regi on, and a control probe. Commercially avallable arrays such as

m cr oar r ayguarcegken thedGRprimes (Susd adlaatisehbe sgpeadtivalypareont ai n t housands of
mat ched and control pairs of probes on a slide or mcrochip, and are

capabl e of BeduEdATEAGAChT ATt Hetohe (YERYDANN- . Revi ew articl es
descri bin ' [ d DNA sequence analysis is
avai | abl e’ggb%&ﬁég@#%@%g%‘%b@?@%ﬁ%ﬁ%ynucI eot iqde arrays gr ovi de a
hi gh t hr oGPt SERTEHANT GAGTCPAACBISEY 1B NG Ufd BRI Pic ROLYANELBIL! des
in a sanpl e conprising one or nore target nucl’elc acid sequences. e

arr ay® of (3ubikp)i(R@MADINvM)ar e useful for gene expression analysis, diagnosis

of di sease and rgggosis of disease(ée. ., nonitoring a patient's response
to therapyfﬂﬁkdgpf e R g CEAG AL Fﬂgé(ﬁﬁﬁyDébhﬁkmdtion of the

Peal thr Z?fs%%%c%&?iﬁ%ﬁ@ﬁ@@?ﬁd@?ﬁb%ﬁ@%@}é&p?ﬁéf?Sﬁeaf  Mer oar ?L_Cte%ge
From any. hiras GO AR B I T T B s
previ ousl podrscsEQED Npg)ef erabl y prostate massage fluid, solid tumurs,

beni gn tissue, blood, or urine. The target nucleic acid sanples are
cont adl ed Vi§ll 1M PTG itCEB FAEAREMEAACT (SRID Npl9) ivdd zat i on condi ti ons

sufficient, to hybridi zation pattern of conplenentary nucleic acid
menber s/ téﬁ&éﬁ@@%@@@%ﬁﬂﬁ@ﬁ&d QAP ar r ay The m croarray
conprises 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 ma non-identical preselected region. Each
associ ated sanple on the array conprise$2a pol ynucl eoti de conposition, of
known identity, usually of known sequence, as descpbed in greater detai

bel ow. Any concei vabl e substrate nmay be enployed in the invention. The
array is constructed using any known neans. The nucleic acid nenbers may be
produced using established techni ques such as pol ynerase chain reaction
(PCR) and reverse transcription (RT). These nethods are simlar to those
currently known in the art (see e.g. PCR Strategies, Mchael A Innis
(Editor), et al. (1995) and PCR Introduction to Biotechniques Series, C

o ~ 1 A NN o,



Control polynucl eotides may be spotted on the array and used as target
expression control pol ynucl eotides and m smatch control nucl eotides to
noni t or Mwo-28@eiesdeiic bi ndi ng or crosshyb pdization to aprpolgNo@ieedssde in
the sanple other than the target to which the probe is directed. M smatch
probes thus indicate whether a hybridization is specific or not. For
exanple, if the target is present the perfectly matched probes shoul d be
consistently brighter than the m snatched probes In addition, if al
central m smatches are present, the m smatch probes are used to detect a

mut ati on. TgJ get ratj T rgets for the mcroarrays, are depved
from hunan Q’JI: ‘lgfi”H'p @&%@?@%E&@g¢€G%¢45§E@éQiNQﬁbﬂém¢o anplify the
target nuc)ej j I RPRY i di i e of skill in the art
wil | appré%?g%gét géﬁﬁﬁgﬁgher é%%%%?%gghﬂgﬁﬁhgﬁﬂgﬁ $ used, if a

quant it ati venfesatl CGITCaRTATRY G CaT 5 NB that

mai nt ai ns orwgontrols for the reIat?%gyfreqSgagﬁﬁng?C?ﬁgfgﬁgﬁ?¢?gg

pol ynucl ec®thes (SB@IDOWsl4pf "quantitative" anplification are well known to

t hose gf skilt inthe art. For exgaﬁée, quantitative PCR involves

si mul t @aneous! YGRS R Mdleret ROwHC Gav MR i1y figyire 3Ashaws Bk ressljvéngiag osliyng

t he sane - Fhis provides anci.nternal ,standard that may b ed to
calibrateggﬁﬁhgtﬁgggggtégﬁ#ﬂ$ﬁ@8 ?8@’géﬁ%f?ét@Fg§§wﬂ§meﬁgﬁxF%§W 9 obes
speci fic thaxtineow DisBéviathe Sdsaeaishd Gfty RAARGU LS ki
polynucleggﬁde. Detailedeprotoc%légfo¥ quanf%%g%%Egp%@épgggﬂggﬁfk%gﬁg?n PCR
Pr ot ocol s,treatetigkpresstanlMietfBp dSgiaa 8B Aphd thatdsonsf udimgbeh edtivad A, and@adeni ¢

Press, Inc. N.Y., (1990). O her_ suitable anplification nethods include, but
are not | iRfucHan-128d gihg ke dsiench therpel ety fregied PORss Marker genespdal, hnfFER

| s.. A.Qui >t hods. and ' ion. lem , I.nc. S
o ogo, ¢ 100y b RIS OB G0 Clacl S By ot it o

560 (1989 ,mdi nsu@ihl Ahxe] SE 1d34ks AQLA : a1 nger, et
a0 e, A RO Ay L Pl B R G (IR 0 ChuisRe 2 TREL, o

Nat | . AcadneaBcihereliSAo n&fitivd dohGrol b BSk)se tranddripebif; bk hihACEbSRRURAES] in
replication (CGuatelli, et al., Proc. Nat. Acad. Sci. USA, 87: 1874

(1990) ) . THEi¢hRMEZPRSHISpsed InjBgure 8€, TRebercad in kangétis de pbsitied eitrpl Hbenatudary
anal yticall.y detecta mar ker . s attached to or incorporated into a

: .abl.e t hat . L
ol ecul o e SEGREE SR v anBron eredn A 1 3PPy H B Gb N kor
ref ergst o By S 18%H aBihe TR 6f HePS; sHMBAN WAL LHed LGl t d.and
qgquanti fi ed. Eetectabfé Fabels ?ﬁ%fgbpglfog&ﬂ%%ﬁfﬁﬂgiégsggégﬁfi?%@ghﬁﬁgﬁ
i ncl ude amyiceBiRdsietls arthelatdadtseplde by spectroscopi c, photochem cal,
bi ochem cal, inmmunochenical, electrical, optical or chemical neans. Useful
| abel s in t helhspeeedindid ney expressmarkess efdeshdsiigetranflenring cellsnpigPwiethsuchbe | ed
streptavi dm conj ugate, magnetic beads (e. napeadsTM, fl uorescent dyes
(e.g., fl &g}r@%%o_é"é’.r ?W@%@%@&,re &H&%ﬁ“%ébaqa“’ﬁéléﬁa?CF ﬁéﬁé@e mayhespesific fosnd
the |ike) pakachielpafldevdiborent artina %%bﬂ ﬁ%ﬁnd&:@i%\ w%}fo%%ﬁ) do beeSQ%%/‘[FEaS tigle Ao
hor ser adi sh per oxi dase, kal I ne phosphatase and ot hers  connon 9/ d&d Fn an
ELI SAR) annd Raldupemicht, @s hiabedesf sitiedt o oCBbhbsiabd BAFo@moGRLRLRE.E! ass or
plastic (e.g., polystyrene, Eolypropylene, | atex, etc.) beads. Patents
t eachi ng feraatigranskthe inghicddzsds didinat¢xpdess or Sily Pankly Rosressad Badljg pdx 1, isll,
3, 850, 752; 93 3,996, 345; 4,277,437; 4,275,149, and 4, 366, 241. Means
of detect #H‘gz %’lﬁ’gﬁﬁﬁg@%&f E’gaf%aa&ﬁ MgreRyisT v PR alf theidishes warernatedith Thus,
for examplgyinhadisol : ' ot qar.aphic filmor
scintiIIati5%ngg5%%@?25&?@E%P§§¥%E%8%@?gggé&ggy&%éng%ﬁ@%?ﬂﬁpusing a
phot odet ector to detect emitted light. Enzymatic | abels are typically
detected by providugg the enzyme with a substrate and detecting the
react Pon prlotuetohjstasteroistty bssax.he acti on of the enzyme on the substrate, and
colopnetric |l abels are detected by sinply visualizing the col ored |abel.

The | abel s maPmyBoRisegheristat assrypyAsarken &9 demenstraieindypedviaar n-nesitivelealean t o
th f j i 1 b fer. nbodi t,, the | abel
S ot anesb PipreS G RGRE Al B 2t B &L 00 SRR T ks ST epSedt f on

of the sanpl e polynucl eotides. Thus, for exanple, polynerase chain reaction
(PCR) wth | abeled primers or |abeled nuéleotides wll provide a |abel ed
anplification product. In a preferred enbodi nent, transcription
anplification, as described above, using a | abel ed nucl eotide (e.qg.
fluorescem | abel ed UTP and/or CTP) incorporates a |abel into the
transcri bed pol ynucl eotides. Alternatively, a |l abel nmay be added directly
to the original polynucleotide sanple (e g , nRNA, pol yA nRNA, cDNA, etc.)
or to the anplification product after the anplification is conpleted. Means
of attaching labels to polynucleotides are well known to those of skill in
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obtain a count or absolute value of the copy nunber of each end-I| abel ed
target that is hybridized to a particular spot on the array in the

hybri di zawoanogasicer n. Met hods for anal yzing the data celrsaned/ooasmn
hybridi zation to arrays are well known in the art. For exanple, where
detection of hybridization involves a fluorescent |abel, data anal ysis can
include the steps of determning fluorescent intensity as a function of
substrate position fromthe data collected, renoving outliers, i.e., data
deviating froma predeterm ned statistical distribution, and cal cul ating
the relative bindin%}affinit of the test polynucleotides from:t

e
r emai ni ngthaeet timesTyd B sid 'thiehéﬂckl'a%t%f‘ Vish 46 poryd @ogsenin priabRit SHYm ?‘frt%g
intensity in each region varying accordi ng,to . thebind finit: en
associ at eBUHTGYA G@T‘Ige&tw&eéoéﬁﬁ‘%mw%% Ir%%\%fj’ea(?fj it[h e%ﬁlgwg%ﬂgjbta{gg tV\t'&fl Ph§
ol ynucl egt.i | ] [ 081 d i - heddi zati on
Bat %/er n i gﬁthbgggt({ ‘E%gﬁgﬁﬂ?kg&%ﬁgﬁ %’? i'2\92’ ?éﬁh?d odr:[?g}t d:nf)tﬁ Ca%{)foﬁf @E{Ee dgenet ic
profile obvdrhenl Aket,edd rateeincpiaitainwich eabihdiey anitpdyeRbitatmivasonaEatedgbad wit h

the array to generate the hybridization pattern, as well as the )

physi of ogintitkabbis lig@.&*ITE waninsttedrabhis antitgerdaC(A2881SapE FHAAr ditingoniigaist e
was derived. By geneti rofile is nmeant. informatio ardi the types of
pol ynucl e®8G ﬂ’é%rkﬁ?lég%‘h%aﬁ?tﬁ(arﬁl@ﬁgéﬁp‘y%,uui‘?%{.]asirﬁaréﬁ8? ﬂ“‘is%s%% f‘ﬁ‘&“pg’Bés of genes
to which the ! t . BiSagb e QRMuRH ERIBE 2R DIEARR

parti cul arcorﬂéc{)‘%a%dﬁlgﬁce{%iugéege#rls@% ga Zﬂ@e‘# % ggnogti %yucl)r Pr o%ﬁostl c Tests The
I nvent i on pRERbAIRS: hRfosdbRIMMEhbS IKERD STHeatsullahews thegelli measpsss bitle

invention al so provides for prognostic tests for nonitoring a patient's
response tisutilench@ypeptieabistiengAtandt3e- net hod of the invention, the presence

of disease or_the patient's response herapy . s, detected.by obtaining a
fluidlBr tisdEs §tawmgésglf<arﬁ»f°§g'§)<ﬁﬁﬁM=%Aeﬁ%t&r@le a'cﬁiﬁwé%aﬁ%omér‘gﬁ-c acid is
prepared fromthe {1 ui. i N i g t ed from
the sanpl &9 é‘CW%fr’llisc# g'g%‘]o{r(())l%aeﬁq% o a%%&sﬁgi%ﬁgwghﬁ%ﬁg?ﬁ%@?rSa?%qand a
plural ity cgf jRumoei0(430BA20BNRES Ssed WhRE@hOIcdiRabvaiapetiey thesthiendiepapproectof t he
presence of disease or a predisposition to a disease or disorder. According
to this dioagelbstevaopedstithonymtivii 4and BA inductine (coatph el hesaguttiiadipgiehidei ¢
acid to one or nore nucleic acid nmenpers on the arraa%ipis indi@;t'v

ive of
di sease, a@optiseiralirdesiars Garpige)feyplopedsalicphe flregsigr freatment ghrg S‘%Utgf)ﬂg
prognqstic test, indicative 0 ' ; QohAES iR in-dSskige Ki t's
cont aiqﬁi ngfopté(gﬁ%{psqgglﬁra%F:{fswr}léhc%flgﬁ%é ﬁ%tr%%}té@%glﬁ?ﬁ% ﬁltes et ﬁlol s 1gfl%!tshee
present inygntion are provided. For exanple, the kit nmay conprise reagents
and instructions for detecting mtochondpal deletions, mutations,
het eropl asm es, honopl asm es mtissue specific sanples and tissue

associated fluids. The kits, may al so cog&ri,se one or nore ppners which
hybri di ze 4 EGFRaepfirepednstiertionang ER SRk IRYECHERI ng a primer extensi on

product. Kits al so include, a J rt S | SRRSA Hehi P,
neans for hol“a\qﬁéwf ﬁl?eov?otﬁf }agscglé)}aré%%}}c%é‘?@%gﬁn%ﬁﬁﬁg@ﬁug‘ﬁ@o mDEI}A@Bnd
means Hqor R dhosial aBRRSuIR anfib BNV SRE HSon [EQTs:BOTRL &, Geoviktht t 0
det ectzfoa n‘?}%ﬁj&%ﬁte l&%(())n asg%‘ci%t ed Mﬁiﬁ( prostate (?ancer may i nclude the
forward anghibistepaende difforpmeiation aféasyEnipsgduaing tissus iropcemlpmenic sie dels.[Rjoc a

kit to detect a ntDNA del etion associated with sun exposure or NVSC mM
ncl ude. Lasal ppasicl Usi8 7803900 6405 998 Trgplm pESGETAS spigp was actia
instructions. Qher utilitiges for present Jinpvent] t
descri bed SBe3Ed &Y e ‘Hdl{cﬁé CE‘(S}FTSDW %@E%?%Pr?ﬁt%esé?te@w%l L{%gd%roe%%ﬁ})@znp?%g@ent to
those ski l LiBn.t s werStraHs RS RA il MG FTRRpbSerVREST, Rivhich 4l gaddny

descri bed %xﬁpets%{gn'fr{)iﬁ%é\%“ﬁg exéﬁn{)sl es WI”:i ch are i I’Fl)t eer{ded fas il ustgrﬂéati ve only
si nce TaUMeflQsscEm Grdtéin @DNANGapdriler dpah iirsnEn piohlotdreE S pgila tieat haveoinedrpereted

skilled in the art. Exanple 1. Prostate Tunours Fol | ow ng acqui sition of
prostate fthisivgctor wegrsgleetyd b G bhrarveinguasd vathectivifgupng, R*‘b?-gﬁs‘iﬁtaélls RS ar e

dto identjfy t f ' | | .
M o1 odt sscBiPH & bR URtBpy FORESator o eoptyet 4 PR XEATA Bina 0

normal , benign, or malignant fromthe tissue section. Procurenent of

di seased cells of interest, such as precaficerous cells or invading groups
of cancer cells is possible fromanong the surroundi ng heterogeneous cells.
Total DNA extraction fromeach of these cells was purified according to a
nodi fication of the protocol outlined by Arcturus Engineering Inc. DNA was
extracted fromcells with a 50m volunme of 1ng/m proteinase K (PK), in
10nM Tps pH 8.0, O InM EDTA pH 8.0, and 0. 1% Tween 20, at 420C over ni ght.
Fol | ow ng i ncubati on overnight at 42C the tubes were renoved fromthe

i ncubation oven. The sanples were mcrocentpfuged for 5 mmat 6400 rpn( 2000
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BACKGROUND OF THE I NVENTION 1. Field of the Invention This invention

rel ates generally to a nmethod of inducing enbryonic stemcells.

Parti cul awbypodtoesepr esent invention relates to a net hodpCorcN20@00063g
enbryonic stemcells into pancreatic cells, and a kit with the sane use. 2.
Description of the Prior Art As the nost common netabolic disorder diseases
in human, Diabetes Mellitus affects 4 to 5% of the world popul ati on. The
nunber of patients with diabetes is predicted to exceed 350 mllion by
2010. Type | diabetes nellitus results fromthe autoi nmune destruction of
the b cells in pancreatic islets. Many research groups are therefore

expl ori ng fgpen @niﬁ%n&b@n@m@g@lwgmp@yéqminEQH%Tﬁﬁghh@i(@gagiréﬂ, $Vangydt; |

Lo curo tyiig derpmiife BERim BhAFE RIS R e paeeo R sEr B CRBdoan

oD, Mand T ] ' : j
di abot 65, U 900 423 a0 B R Y LR AR Bk BB,

utilized GMVEGITRNSE@BIEBRDsBAICERYRsOTMY dRmptanyakbRodangrAdesHgian
Functional b cell obtained fromenbryonic stem (ES) cells has been

consi der edligastierp[This vepier pithippemycdf resisenehuastteagefedtd intatisf@SaRt edl lncitsl et s.

ES cells hzi‘tv been shawn t.o0 E Flble to differepntiate into pancreatic

sl ot~ 11 k& TORYE and pRalive PF glope were stlpeed it p g ds KO bRp Bk EMeger na
G et al. LOsSEG [ celds Y ' tem,cel,l s

nor mal |z G yea R LT Iy DS SR el A S AREY i B RRERES e 000
49( 2) : 157-ravRahtmallsky NustBlsangde Hetédted REPGFIP, The tesdlt of @GfFf’_‘?sf aidtvnah FARrLRBE

enbryonic stemcells to insulin-secreting structures simlar to pancreatic

i slets. ScnéAbeimiigh threRpressB80eIE@PUcands adipcts invinaall @]l cAwsicrs. Bhrtletrmate,

| nsul i@ prﬁ)ducti on by human enbryonic stemcells. Diabetes 2001;

50( 8) : 169114 BPTSSioBETGorespongding to ingylin exprespipw (Figyree3F andckb setetef by theduced ES

cells to dj i i C i l. s, cell- Ltrappj.ng system
(Soria 8, eREREolhRabAh AP RG] Tl a8 iRure Be EBp el FFRVH AU
enbr yoni ¢ R4, elwedlas stHpmaRirition fSyeemM mdiith 89S EQRLO ARtRG ki ifd Wasdedicalat i
m ce. D abetes 2000;49(2):157-162) . This nethod, however, is a conplicated
process invol ving genetic mani pul ation. Lunel sky et al (Lunelsky N, Bl ondel
O Laeng P, et _al., Differentiation of enbryonic stemcells to

i nsul i n- séc?‘@‘t‘li‘%ﬁ@ﬁertﬁ%tteé’d%&&%i mlar to pancreatic islets. Science 2001;
292: 1389- 1394) i | ve- st thod to.induce ES cells t

G fienentiote ﬁ?ﬁ@%@ﬁ%&%ﬁ&%ﬁ?ﬁ% (RO inped qal1s 8P EleORR R g Bt £ ¢
nodi fi cat ighitosdddhter@btiéds (6190RM akd 2RI hil$ QRrel sed. TR WBfe préihcdated @itk Rebs-
inhibitors pronote differentiation of insulin-producing tissue from

enbr yoni ¢ Ringembefiércontamingr2. NatM! glcest (Bdi7.4) a3 RCABON) 99 25)indicd @ull61 10)

and Blyszczuk et al (Blyszczuk P, Czyz J, Kania G et al. Expression of
Pax4 in erfé?%ﬁ&nt e ol ayar e Ben §l°ﬁﬁ9%%w%1<aﬁbﬁfl?é?@ﬁbvf§%ri%ﬂ1 o Tkglpeese 6516 ve

i , i - i I1s. .P Nat | . A Sc. ,2003;
0005 oodiingsst it ISR, Al EouF ot et fuehPrrinb Rt sy bR R b
i nhi bighor phMAbARAIRE 2.9 WEVISHREESE BRT RA¥E nfE NS inMRRELGH ‘?eﬁ«?iase,ea}hé cAIRGRE:

i nducti on approaches are conplicated in certain aspects and take a | ong
period of thenriecubbiadsstbrkrebs-Ringer(Biffes ®ith Gl5nM glzys 3y 1 Kabrivges@t 3PC @hmple
Expression of Pax4 in enbryonic stemcells pronotes differentiation of
nest i n- podd 8§ YAtDodaRs thecordiionedseadium proerilertag Theitve mediune saxaptles werad  Sci

hat the JpdRBmeUngFerRdain B Rsiheotge B PLSARiThRES RS CdEm ) ead
to false gog 't&tél‘é@ll?aﬁélh Eontgﬂ%agftégfe%g)y% M }Sro{égﬁgfs% g?]tt(?g%}{(t@)q'l’hgfesélpsec' fic

i nduction factors at can i1 nduce E s to e I'nto pancreatic
b cel RS i mndicatecths ymamd of adéasapipsdmcindeSagegliect abiscch@atnlegivut epaleted to
have the ability to pronpte the differentiation of definitive endoderm

Acti vi n Ahigherhpmbat widermom. gluepapeanicantiatipn (Ses figniet3lcthe uhiv pf imee oententisd
endoderm format.ion durin astrul ati on. , Wen use t hi gh concentrati on,
T oubst aRE R g el ST LR S E Resb i KR v e5F BB VY 7 PR,
et al. Signals fromlateral plate nesoderminstruct endodermtoward a
pancreatic fate. Devel opnental Biology 3803;259: 109- 122; Hll CS. TG--b
signal ling pathways in early Xenopus devel opnment. Curr Opin Genet Dev 200
1;11(5):533-540). All-trans retinoic acid (RA) is a well-characterized
signaling nol ecul ethat acts in anteroposterior patterning of neuroectoderm
and nesodermin vertebrates (Maden M Role and distribution of retinoic
acid during CNS devel opnent. Int Rev Cytol 2001;209:1- 77). Current

evi dence indicates that RAis also involved in the regulation of the
enbryoni c endodermdifferentiation pattern especially in the early pancreas

o, . o o - o o,




with a concentration of 8-12ng/m . In another enbodi nent, the nethod
further conprises a step of incubating the expanded insulin-producing

pr ecur sorwoeabées1oszsia cul ture nmedi um contai ni ng N2 suppl eceriN20@8260683

suppl enent, Lami nin, and nicotinam de to develop insulin producing cells.
In one aspect, the culture mediumis DVEM F12 or CDM contai ning N2

suppl enent (1:100, commercially available from G bco), B27 suppl enent

(1:50, commercially available fromG bco), Ing/m of Laminin, 10ng/m of
bFGF, Insulin-Transferrin-SeleniumA (1: 100, commercially available form

G bco) and 10mmol /L of nicotinanm de. The present invention further provided
a kit for §WPsemsdiusnbihichris aeashy dive siges highertharethet incplomn B (5.5md elbosdi nent

the kit conprises~Activin,A and RA. | n another enbodi nent, the kit further
conpri ses '% ‘?‘?’@J.eﬁeﬁ”\iﬁf’éﬁ%tﬁ%&‘ﬁé?cr%fﬂ%ﬁiw ‘?,Ey PselinepesitivgroeHederpgdfoms es
serum and/©g ¢ didotetre St U EITERE U e aspect, the Metrigel was coated
on the first cul tourefeé;rrgdi unfgl n anotcﬁllét?at%gbect, the Metrigel is provided
separately. In further another aspect, the first culturenedi um contains
maturation factors such as bFG-. |n another enbodinment, the kit further
cont ai Rs a®sEepspipnéation of switbrodve agrgalls sindey rérRGRbeBRUEF DESCRI PTI ON OF THE

DRAW NGS Fi gutet IfA shoiws the t hgeg- stg? met hod provided in the present

i nvent i on whi ChieEEA NSRSt cells farived frgmekSeedis crmpescyeriabetingigel Heposi ti ve
cells. Figy i LCt j 1.on B cell .cl uster of
oo S RTIaridells R GITIANRAL 1 bl KRR o P i et e
const r uct i(er9)oDepaNaEt@afdlower ecursor cells in step 2 of the three-step
approach. Figure ID-1E are pictures show ng cluster-like construction of

cul tured cel | Strepfoznateqin 6514, Signen) was égectaddyy iappt 62 ate/kgRinguheto2Aehs hewsoldhe
RT- PCI?Or esg}e& s of t hﬁ gxpr essions of the marker genes of differentiated

cel I's 'Pndubed™Bl P REP da¥t tovdics pxaormental fiabeiescbedtre selber BBS wangpleetatien.shows

t he RT-P t f i.ons.of th r.ker ness.of .differentiated
col 1 o1 ndusas He Hoseletbtfe SOrZREBRRIR v dBaF TP IBTS MoeirateBl nove
the RT- PCRogliesékd Sar8hlahie irftk EHeQs(S epBiScapiuld. P STRAKSIN 880585l Bhifighery)i at ed
cells at the end of step 3. Figure 3A shows the i munohi stochem stry

resul ts of Blvelighichseduvaseniedsyred he GluvoEBESDRRapis) Gaatsniytpad weid Cndostat sectiomr Y
antibody to.jnsulin, Figure 3B shows the inmunohistochem stry results of
cel I's i ndutldhe BRPr#RL KRR evess BigPaiphsias igeapisesiong ftranpnlaned Gellan thooehal t o

C peptikde. . Fi J.osul i n dibam nobenzi di ne. tet.ra ochl qri de
(AB) '3t ai SPna s el O R e L D R R Pt v bt <c'280%)
Fi gure 3D @bt rtibe(n=0p ulriNe DB aal Hedrins Blobabi AR
and RA inducti Ql’ll 1( Z%lOX : .lF?gur% ??E ar?d r:%&; sEc())w t]ﬁg rg%lﬁ!r%ig@i/’oﬂgﬁg#kﬁ@P in
EGFP r eporprebabilitsng PBEtedsiiiRi® dighstic mivhine 2, heat ¢inbeess Iseelgsade by).t he

t hree-step_approach, wherein E and G represent different structures (200X).
Fi gure 3F eHRPTEHBGSUMY AL TRive AEhNANEEHBAT Sogyweiakiat nermal lerel-mbout two

ter-t t | | ich ! .ind d the th - st
approach oy A i Bl Sl R BB S i s ek fovel” "
repregent @8 ORIVt ShtHal ME 8Ricés20Qeldf PBE fr%gﬁgt\%csl %iﬁmﬂ@) n%ﬁlere{aﬁl%g thghO]c

insulin rel ease detected by ELISA. Figure 4A e conparison o

possi bi | i thloaf glsemse (¥l ond) @eunre dBf. e adtitidraufer tﬁ@&dllsﬁrarr%ﬂamle@rbtﬁquwya@@t ic
mce (n=9) and PBS-transpl anted di abetic mce (n=12). Figure 4B shows the
anal ysi s dFMBVbéhedilepdoiecoseleae! abthegnice incesasddated 146mM.sinsylanmpitvatelts

di abetic nj ne nd S transplanted di.abetic mce, (n=3). Figure 5A
shows then%%ﬁﬂ%%ﬁ%%#%éﬂgESéWFVB$E%d?r?y YpPﬁ@DVWHb&&ﬁPé§§P6ﬁ“@ﬁegéé

t ranspl antigg, i i L : . 0N 1 results
of insulin exprﬁgggi@%ﬁ&%a&% gggg31??&@@3‘@?5%}:3@%%@8{%%@ g@n%f?i ’00 X) .

Fi gur 856 idatatic haed (Fignead B)g Therepesu Fyiad s it Hh-potii Q) s ashived fHATES LERN
approach. Figure 7A shows the marker gene expressions of hES which are

i nduced bVEEI%P%ﬁﬁﬂﬁﬂcaﬁﬁioach. Figure 7B shows the marker gene expressions
of hES which are cultured by CDMonly as control. Figures 8A-D are pictures
showi ng the final induced hES cells expressed C peptide and Pdxl (400X).
Figures 8 E-H are pictures showi ng the final induced hES cells expressed

gl ucagon and C-peptide. Figures 8 I-L ang pictures show ng the final

i nduced hES cells expressed anyl ase and Cpeptide (400X).Figures 8 MP are
pi ctures showi ng the final induced hES cells expressed C peptide and
somatostatin. Figure 9A is a conparison of termnally differentiated cells
for insulin secretion between suspension culture and adhesion culture.
Figure 9B is a conparison of termnally differentiated cells for C peptide
rel ease between suspension culture and adhesion culture. Figure 10A is the
result of blood glucose | evel conparison anong induced celltranspl anted
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development. It is a disulfide-stabilized protein that belongs to the TG-b
superfam ly. The binding of activin to the cell surface receptor can induce
t he expr ewei2006/1083¢many genes including m xl| and goosececa,cNacoioodss
important for early endoderm devel opnent (Kumar M Jordan N, Melton DA, et
al. Signals fromlateral plate nmesoderminstruct endodermtoward a
pancreatic fate. Devel opnental Biology 2003;259: 109-122; H Il CS. TG--Db
signal ling pathways in early Xenopus devel opnment. Curr Opin Genet Dev 200
1;11(5):533-540). Kubo et al reported that activin A could induce ES cells
to differentiate into definitive endodermcells (Kubo A, Shinozaki K,
Shannon JNjxagplead Industien ephrsman esforyraid si¢m cells integpadereaticfoem enbr yoni ¢ st em

cells in cultyre. vel t 04, 13 1:165 1-1 . addj tion, activin
A can i npr oveHP‘H% ﬁegggfﬁ'ﬂi %ﬁ-i)gl B‘E?F‘Erlﬂpégtsh?}’r‘rté'?ﬁé%fﬂeé ‘iogsh giabts (Florio
P, Lui si > ' : [V ' . | 1S [ ' in
Ul T od HanaR B SO Litks B Aignt iy BB SEh GOt DRI 451140050,
and regul avge diddifie ttRiprésaht i@ventibn. PrbRCERANEE chinged Lisdedd7iNg devel oprment and
regeneration of b cells in diabetic neonatal rats (Lei L, Yi Z Seno M et
al . Activin AlheehliBest systeinl isithemic Heftrted omedReg CoMat0BEVMBM Raiher)eH1%E1 - Cel | s

i n Neonatal,. Streptozotocin-Treat Rats. D abetes 2004; 53:608-615). A
conbi nat i gﬁ“klﬂogt‘ ¢ ¥F€fqlggh@“@gg%@i‘UFIUH“ﬁ\raé%\fﬁrr@xi?feélwl%@Tfs’l"@‘b&@si vin A

works in o i S t eponst.r that RAis
an i rrport_:ﬁlllg3 u@@aﬂoﬁéﬁ ﬁ%@g%}uﬁﬁeg@ﬁ' ?ﬁgf%gléggﬁgl%réé%?glg?g {eﬁé“tgﬁvy‘ f%'rrr‘or yoni c
pancreas idiffadtisdibeHea, {cUnmtA GNER ARdrOMa S HAuS hEEEiPd ahepbalkafBSOder m
devel opment (Maden M Role and distribution of retinoic acid during CNS

devel opnermprogehitorsRaw thiybasls, RROWIURIOY corlition) as dBsmribad)irzeBs afdustiorcpaiaoip pent ,

i ncr eg;ed RA sci tggal ing can jnduce remarkabl e anterior expansion of the
pancreds &H47§ priles dRsdue AES-dgnvedmeasreatici BRelbi ti on of RA signaling by
BMB493 i nhi bi kot difgrentiapamorue awotetiof fves designat ias fiolfomanineth fiysd miep, e tiadie were
(Stafford D, Prince VE. Retinoic Acid signaling is required for a critical
early st epaisagebrafl VsMaprac(B=dD Biosdevedsppomdt tissCuculend diBiesl(Ngyc)2002s, th( 1
4): 12 15-1220). Furthernore, Mcallef et al. reported that RA coul d induce

pdxl posi teuktereandivsia rwasf bamgt ito motiid @UNEEs adsclited (101r50k Dapei (GBYSEplus
enbryonic stemcell differentiation (Mcallef SJ, Janes Mg, Knezevic K, et

al . Retinaiog M:’szUTdNHES%(ﬁQéG), shghdnt& FERROARLI-TfanBret AR QBTLALA NG . Mause
Enbryonic Stem Cells. Di abetes 2004 Dec 7 [ Epub ahead of print]). For

). F
pancr qas j I el iy fef tiati. . e rine
B dugs alC e 1ol 280 458 o oG b el R (R eblaf. s e AT bR el Ve ad) on
of - pdx-1 ne,(Tul.achan SS, Dai ,R, ,Ka uchi Y, .et _al. | -trans. reti nojc
acid i ndugg“éo %*1915 Plaé?reHFi °§[?? BRregpdysgd pdth NQ‘??&@&‘}‘P%&E%‘P%“W R igma) ror 4
masenchyrrgl /[epjthelial int er&ct% gns in ertbre%oni c .pancreas. D abetes 2003;
52(1): 76- 83Ys- Ralhp secand stape attel 4 B2X5rdmsteneh dsurtion the erllsgrera transfarresipéns e
of exocrine differentiation during dorsal pancreas devel opnent (Chen Y, Pan
FC, Brand&dM wigh 1%?!\/[ Rét (Sigma Tacanether driays-nlp the teisk e ithg cilowe pediomenss
devel opnment and pronotes endocrine at the expense of exocrine cell

di f f er ent ichariged fiom KB pumodified d¢lefpnantatibn Biedlvogyl 2200¥ENVF12 (Gibéo ) Gulin-
Therefore, it is clear that RA can facilitate the devel opnment of pancreatic
precul§or TeaisfesrimSelerindod (i 100,&bidy andRMghg! dlbemini fretivdh &M SEm) &4ths1 0 ng/ml
differentiate toward endoderm | i neage upon Activin A induction, RA wll

further pbLEEEt@EneREREP N the fieddedypasd alithzB) M AicBBRMhiBS(SigmRY fFaRt hokS
After activin A and RA induction, differentiated enbryonic stemcells can

express pangy efhd GelRNAGE MhdnOliodTRIKES 6.5 SHG M A% ibddy i ese
data i ndi cgfid t hat combi nat iltg)n oﬁct i%b/j%?n A gﬁsgx(g& V\gsnggﬂlagﬁ%}ggdﬁﬁg)ugle&h
early pangLeahitgcrafht i Fatl.one {10 J em,cells, ,The .
present i n\c/)ent |hocn a sgm é%rg;lsg‘%% gcfotesgﬂt ﬁ’gts ?Qﬁ%{nlé’g%@pg\?st? 3 B%ﬁﬁe goc?‘fh\lﬁvﬁ 1izetand
RA is rmr%]agjr%&,{ent than with only one of the two factors. It has been

at matrigel functioned as an inportant extracellular matrix

denonstrate
for pancreas differentiation and maturation in vitro. Matrigel, a m xture
of extracellular matrix including lam nin and growh factors such as FGF
and TGF , is essential for pancreatic prnggenitor cell mgration, the
formati on of three dinensional cystic structures, and protrusion of islet
bud (Gao R Ustinov J, Pulkkinen MA, et al. Characterization of Endocrine
Progenitor Cells and Critical Factors for Their Differentiation in Human
Adult Pancreatic Cell Culture. D abetes 2003; 52:2007-201 5). Gttes K et
al also proved that |amnin, one of the major conponents of nmatrigel, is

i nvol ved in nouse enbryoni c pancreatic duct |ineage selection (Jiang FX,
Cram DS, DeAi zpurua HJ, et al. Lamnin- 1 pronotes differentiation offetal
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Step 1, to induce enbryonic body (EB) formation, ES cells were dissociated
wth trypsin and suspended into Petri dishes (A pha nedical instrunent)
wi t h 10%w8B3bdasasdend t hout LIF. After 24 to 48 hours (SeecCFi@unw/o@Bs3 EBs
were collected and re-plated into 10% FBS/ DVEM wi t hout LIF in 1% Matri gel
(BD Bi osci ences) coated dishes. Two hours | ater, EBs began to spread onto
the dishes and were cultured in 10% FBS/ DVEMwi th 100 ng/m activin A
(Sigma) for 24 hours. Then EBs were switched to 10% FBS/ DMVEM for 6-8 hours
as an interval. After this interval, the differentiated EB cells were
cultured in 10% FBS/ DVEMwith 10 6M RA (Sigma) for another 24 hours. Step
2, to expand insulin-producing precursors, the differentiated EB cells were

cultured i ) ith [.m,. REGE i ) for 3-5 days, during
whi ch mstfﬁggﬁgﬁé%%%%’% ﬁ}g%lgsél%%ll? ggﬁeﬁg{eﬁﬁ%g?on (see Figure 1C). Step
3, to mature Theeaiphstibh Bf £ | e I D48 . Wer e
switched to DVEM F12 (G bcgfk%%ﬁ?%?h%?ﬁ%%?%@ﬂ@?g’fﬁ%% E%%*EE%@“ B27
suppl ement(INS) HOQ badiBR(GCK), IRYBPF etdandifferentied)cals and Som@ 6d11sEHorddShgma)
and 10 mM nicotjnam de (Sigma) and cultured for 3-5 days (Lunel sky N,

Bl ondel® O, CP¥ewighqut agiiviyf anghRey indegiiop hvpigdeseted b RTPER, astwring 4o the meghod

i nsulin-se i uctures simlar t ancreatic islets, Science 2001;
292: 1389- 1‘%%369%1%%{‘%’}%80?}‘88?533' ey DAL Aol el U st o Tl

phase- contgbashedBvFoRSHAP &helifSe e I t ells
formed cl ust ere-l iyck% congf%ret}glt%ie‘%%g%geé@f Fgﬁ?dgs?a?sDé%%‘ ‘%6@5“&‘58." W%&&

anal ysi s dhdugedéy eidpr estbiioA dr RAdiThe esqeeiideat@dhCBER Hrimbat(@dnsEMMY MdiSense,

extracted by Catrinox-14 kit (TaKaRa) fromthe cells in step 2 or step 3
whi ch wer d§PRefieB@d a8y both with and without activin A and RA or with only

one of;at hem Then r 5 i into ¢cDNA by MWV reverse
transcr pt asegﬁ%g'r g%%ﬁﬁﬁméﬁfﬁ%%oﬁg&”%q pol ymer ase (TaKaRa)
i n PCR bufdRFTTYLACCCO0AM VGO0 20808 (A) froNbqws: 94 C for 5 nin fol l owed by

35 cycles (94 C denaturation for 50 sSec, 56-58 0C annealing for 30 sec, 72
0C el ongat i onsorbf: G Eet§GANCARAG GBI CCHSERAD Wov 1 &xari2 OC for 4min. PCR

rimers of I B i,Nn esigned with Prime Prem er
E. 0. The s%%@?%gg%égﬁcﬁﬁ?@@@%@ m%ﬁﬁgd agti sense, respectively)
are: | nsul M_JAGTEACTACGEATASTEACASE LBEQS R INNL oyl ACCOCAAGGTCTGAAGGTCC
(288bp) (SEQIDNO.Z%; hnb b: ACCTGAGT CTGACC(SEQ ID No.3) [/ [/
GGCACETTGAL 1EH5HPYAGBEQ A0bp)NSEQ)ID Mal20); CTTAGCGT GTCGCCACAGCCCTCCA
SEQ I D NO. 5 4 SEQ I D No. 6); glut2:
AT AMATTOGOL A FISA A O WG B e NortoAReT (269bp) (SEQ | D

No. 8); i sldccﬁﬁﬁmwgaﬁmbﬁdﬂgogb;a”d
CGCATTTGATCCCGTACAACCTG ( 335bp)  ( SEQ | 770); b-"act i n:
CCTGAACCCT AACREEAATCETEMNG GSECEHBCRBCHAC)Y SBQIDATATDGAEGAAGGAAGGCT GGAAAA

(480bp) ( : 43; CIGAAG (SEQ I D No. 13) and
CTTCCTTCT?@“FIC@E%%C @@%@% TR result is shown in figures
2A- 2CpQt OW ONRiif: EUBHICT 2AS BRSBCENEC €S kng,only activin A

i nducti on, ands a]t the end of step 2, the @gﬁglﬁﬁ%gﬁ%ﬂgat ed mainly express
hnf 3b and (IXTACGTEBAG2ZTEOdES AtBB3hpeIHQ ImNo12s),ng only RA induction, and at

t he end of st 2 |ls, thus treated express only hnb b. Figure 2B shows
the result ofg%?f i ﬁg%‘ggpﬁAgh&q%@WQﬁd(ﬁj&%B@&HW and at the end of step

2, the celdgdfus st £Xer I%I;D > pdx-1, hnb b, insulinl and
hnf 4a; Fi gure 2c4nd§€%§§% at (%@pjgﬁg gggg)SB cell induced by both

activin A andmBRiseeimy))yCE&PCALETTOIdU GAUAAPGERID Nol2oy o ut 2 and hnf 3b
(I ane i -RT nmeans there is no negative control for

g "+"). In figures 2A-2C

rever ¢ tFéQMﬂQ&QATbﬂW%%ﬁﬁ%dﬁEQda NoHDrol in which only water is
d. In fi N ) | i [ g | f

m ce” pancr et Eo2pyn I GRRGCTOTLRPE Lo A BRI NOMEP | o' no et i vin.

A and RA T0dUEHHGECEGESTREA¢edIbpatSHQ® Rod2pf step 3; synbol "+
represents there are activin A and RA induced nmce ES-R cells at the end
of step 3. These cells did not express markers of other islet endocrine
cells (non-b cell) such as glucagon or somatostatin. This result suggests
that TG--b and RA signals may be specifil@ for pancreatic b cell devel opnent
and maturation. The induction was found to be strictly activin Aand

RA- dependent, as absence of either one of themresulted in al nost no snal
cluster formation and the induced cells did not express or only weakly
expressed insulin, pdxl, isll, glut2 and hnb b (see Fig. 2C | ane 2).
Moreover, we found that if the dishes were coated with lam nin or gelatin,
instead of matrigel, no cell clusters formed in the third step. 3.

| mmunohi st ochem stry assay. | mmunohi stochem stry assay was taken to

e ) o o o o~ o T



and German MS. Function of the Human Insulin Pronoter in Primary Cul tured
Islet Cells. THE JOURNAL OF Bl OLOQd CAL CHEM STRY 1996; 271(4):1909- 1915) was
| i gat ed twotzhes/p&- EGFPN3 ( BD Bi osci ences) whose CW promENenoc@esss enoved
by Asel-Hindl Il digestion. This vector with neonycin resistance was
transfected into the ES R cell line by electroporation and positive ES
clones were selected with 250 ng/m (418 (G bco-BRL). The sel ected positive
clones of mce ES-R were firstly stinulated by activin A and RA, then the
resultant small cell clusters were detected by EGFP. The result of EGFP is

shown in Figures 3E and 3 in which thE(ﬁ rez i on, of EGFP can be detected
in small cel burdl GEPEESAAHGAHAGHEA (R ﬁﬁ?’% %9 is corresponding to

insulin e i i 3 @ﬂﬁ}:ﬁ%g .by the inmunohi stochem stry
met hod i n%g;@%%lé%&%%gﬁeﬁaﬁ??%bﬁsg e conbi nation of activin A and
RA, as wel | ag,g4haGOmt UGHIATUFCCAOTCAGAGA] (BB BE36Rhd to
differentiate into pancreatic cel nsulin rel ease test by ELISA To

s, 5, |
further tééCMﬁ@@G&%T¢ﬁ§GTGr(3pé@l@ﬁ@@ﬂ‘) Neydiced cel l's was

| -d t, t j : .
Dsea el 1o it nablr AR SRR CRDadr REIBRG BB ahd T DELe
gl ucose (pHcrdFCaT TN FEGCI03Tsby) (FBQIIDAVE8S) nsul i n rel ease, the cells

were then incubated with Krebs-Ringer buffer with 27. 7nM gl ucose for 15
m nutes at 3TBErdsSiasmt shosyn inAgutdsdA apd B whichdedipase disteeenpated K8 GoIKtC8H wi t h

Krebs- R nger buffer containjng 2.5 | ucose at. 37QC.for 90 mn, i nduce
i nsul i n refsgsséhe "f‘?f(léerc%F‘FssOf\Néag‘éraF%ﬁ%lgéﬂgﬁse‘as"bﬁnﬁng'rle%lg-c%nhagsg"Fmdb%l? Per

with 5. 5m\.gl u for ' S tker cER€N t he
conditi o%&%ggm i rétra%tgfl{@ecgk{{gg_gr%e@g%lfnﬁﬁgﬁ%&gg?ﬁsﬁmi@% estged for

i nsul ijf rgiig@,gquontent by Rat/Muse Insulin ELISA Kit (CRYSTAL CHEM I NC) .
The total cell protein content was tested by BCA(tn) Protein Assay Kit
(PIERCE). The results indicate the anount of released insulin under high
gl ucose concentration is about 5 times higher than that under |ow gl ucose
concent r aBi brnydistacheisey 8%2Yt he unit of insulin content is ng(insulj r;%/ gy
(total cell plobeddndeils metaufiredAinstionerafonmalidphyidieiand weaglad %f@@é%%ﬂ)&aﬁﬁ t{}o? h
27.7 mvgl ucose nmedium which is nearly five tines higher than that in

col um B ({cibardlvgtieBS eontidingrd) 3% X106 (Sigmahaid K% sorrrad seraay 0F O MinT
insulin by insulin-positive cells derived fromES can also be regul ated by
gl ucoge CO&%BW@&?%W@.. Theadesiplvand @tehoincubfated nsith iprinarodutdiody teebdag antider
renal subcapsule. To test if insulin-positive cells derived fromES cells

can rescuepdiabetiig Hitedy (haodiKdErSPSTEVISY Kielies anehemin dnsfihanvestlinat o
the left renal capsules of STZ-induced diabetic mce (n=9). Details are as

fol lovs: ShiRhP2qLR6! RyfEiire0R), ORByiMasInineR  €gehidd antibodd! (1SR007ULikE) nt 0

six to eig wee e mce for 5 days to 1 nduce experinental

STo-tr oot o riec (oAt s G TR AL GR, P RCh o AL B PRe, 2

cont ol - (nct). Eengro se hae A0, Shypes FRETREPRRENER R0

snipped tail. Cryostat sections of the operated kidneys re pk d

i nsul 129 exPrEa S opPOMARHAM éﬁi@%@oé’gﬁn@pﬁ%ﬁabﬁgor Hit “CHASUPE %R/gg@ti[ggta@% by
i mmunohi stocheni stry. The result indicates djffer ﬁ{rl ated cell s-trrgaz?ﬁg.

di abeti c nfurther ineobated withvasgondepyartibaAy respectaghy NN CrrB gt P9t FLLRRRY
70% while survival probability of PBS-transplanted diabetic mce (n=12,
real |ine) Ig@sFITEY%dnfiggted oaldbd) antigeat HeBmBFEC-coniveaies GodtapntiViorse il il ht ai n
their body weight at normal |evel. About two weeks l|ater, Blood glucose

| evel of Ccebdjugdi@nDphiayt @ti-ghianbed ioc TRITE-majweatoddlonkey aaii-rabbit| latie(1:200, all
(<13.9mMV); in contrast, the glucose |evel of PBS transplanted m ce (n=3)

still retaigagdikeh HheosbrsesasaNC)L3NI0N) weé decetedtBy. DARI 8iging) shinieg t er
the cell-transplanted | eft kidney was renoved, the blood glucose |evel of

the mi i | OSHIpLE RS ichhiyRt Gftrbscope(@lynplus dELASL ditei n
PBS | ribct %E%ﬁﬁg%ﬁgﬁd%ém%nnﬁy Pantibody to insuli }gez(Fi gure 5A):
insulin positive cells was detected only in the differentiated cell-treated
ki dney of STZdiabetic mce (Figure 5B). There results indicate
insulin-positive cells derived fromES cells can rescue diabetic

m ce. Exanpl e 2 I nducti on of human enbryonic stemcells into pancreatic
cells Human ES cell line, H or H9 (Thonmson JA, Iltskovitz-El dor J Shapiro
SS, et al. Enbryonic Stem Cell Lines Derived from Hunman Bl ast ocysts.

Sci ence 1998, 282:1 145-1 147.), were used in the present invention. The
cells were cultured under 37C . The culture systemis chem cal defined
medi um (CDM 50% MDM (G bco), 50%-12 (G bco), nonot hi ogl ycero

e —~ g



hnf 4a: ATCAGAAGGCACCAACCTCAAC (SEQ I D No. 23) and TGICTTTGICCACCACGCACT
(197bp) (SEQ I D No.24); insulin: GAGECCATCAAGCACCATCAC (SEQ I D No. 25) and
GCCTGCGTGVAGHA08s6TA (373bp) (SEQ I D No. 26); gl ut2: CCTACTE@NZHSOOTAI TCTA
(SEQ I D NO. 27) and CAAGTCCACTGACATGAAG (267bp) (SEQ I D No. 28); amyl ase
(anmy): CTGACAACTTCAAAGCAAA (SEQ I D No.29) and TACAGCATCCACATAAATACGA
(358bp) (SEQ ID No.30) ; somatostatin (SST): GATGCTGTCCTGCCGCCTCC (SEQ I D
No.3 1) and TGCCATAGCCGGGITTGA (292bp) (SEQ I D No. 32);surl:
TTGCCGAAACCGTAGAAGGA (SEQ | D NO. 33) and TTGGAGACCATTAGGGCGTAG 268bp) ( SEQ
| D No. 34); glucagen )oosi A Ghith SBRoé Pro\el@S3ofmnge (Media
AACAATCII:@&%C%?’%%&%’B SEQ I D NOQE%)%E gl ucokinase (GCK) - precyy
TGCTTGCCE?SLC §SE | D No.37) and CACTGGCCTCTTCATGGGT (375bp) (SEQ ID

No. 38). THeOPRELT™'s are shown in figures 7A and 7B, which indicate
differentiated Es cells can express the marker genes of maturation b cells
such as i nsuhi,BkesuRéiod the LaIk@kh Basess pastreittiabata(cEll gerres stoh)as O-peptidatpdastt
the control group basically does not express any of the marker gene (Figure
7B) . 3. | emfRighies8pchem stry assay. Induced cells were fixed in 4%

par af or mal dehyde and washed three tines by PBS, then incubated wth PBS
contaiding 0.3%tritonX-100 (Sigma) and 10% normal serum for 40 mins at

roomtenperature. The I re . i ] rimary antibody to
Goat anti ﬁuﬁﬁHSpiWLf? Ogﬁqspﬁdﬁﬁdﬁ%bggﬁlsIﬂgﬁ)&g‘%&?%l\?%ésmﬁguse anti - hunan

i nsul i n nonoctOpals @ahinbadiivé selkQRrivéHEbh BONEIls Rabbirhalgnfubetiuriaive; hept i de
anti body (1:200, Linco), glucagon (CGoat polyclonal 1gG _1:200, Santa Cruz),
pdx| ( Coatiffraényiatednalls WerSiradsp2@:d iSartheletirens) capawps @fgs%T Z-pasipendidighstio Blignal
IgG 1:500, Sigma), ngn3 (CGoat polyclonal IgG 1:200, Santa Cruz) or

sonat ostat(lilﬂzé&?éﬁuisp?&%fp ¥ | gG  1:200, Santa Cruz) overnight at gC, and
furthao i ncub@hethstifutibnad daonaldraye @mitwWmé@%@frﬂe{i@g}lmmﬁmpww%é t ed
goat anti-rabbit I1gG FITG conjugated rabbit anti-goat 1gG FITC conju

gat ed Goat armbi prifedses. §iGpidolCo(Tdgsized) Donkgsptednt i aphmelkg@itgrt-6 week-

TRI TC- conj ugat ed Donkey anti-rabbit 1gG ( 1:200, all from Jackson

| munoResegiiHERKLB/NRale niNeGhied fonsrdaysdetigiuce expeyinBa] digiBitepriefors tellsroir R§S

| mages were captured using an A ynpus phase contrast m croscope (d ynpus

I X-71). Thg@%@%ﬁt@’éio&f WP BRIITIE QRS thicl Bad@vkBpydsiaadss abcat dl 0fintdaced
| mage- Pro uS software (Media Cybernetics). The results show the cells can

Sxpress Pangiald faRBhcl flib 18A0RRnaGBAS IBERLISdihbebacdvitCardRGur oo
8). 4. Transplan_a%l n of insulin-producing cells under renal subcapsule.
Tonct T | RORU MBI VT, KL YRS S0LRR ol fotar poummii

erenti S were transplant'ed into the left

renal capsul es of STZ-induced diahetic mc n=12)_. Det al | ows:
The Insti taﬂ<g§haqiy Wﬁﬂ%?gw‘@mﬁﬁ ?atsg%g. C%fﬁﬂ‘? glglgésg o nﬁgiu?%dgatﬁ{uggﬁgﬁ@b
approved all animal procedures. Streptozotocin (?T%, Sivg?rraé was inJOECt ed i.
p. at 40 mfRéahe) oo suippediedbiyastsAerjons fhihe opeiaied kidpeysre Brepd§d 23T nduce
experinental di abetes before cells or PBS transpl antation. Wen the

STZ- t r eat egeptideexprassizhenfehorsad cdpalsaransplanipbes!ls e cenfiragd®8d cel I's were
transplanted into the left renal capsule. PBS or cells without activin A
and RA i ndugihachisseshemisssd Tas hESrlerivdd. cells gerealstetet! by deuse enti-bemnanauclel
performed by i.g. glucose (2.5 g kg 1lbody weight) after overni ght fasting.
Bl 00d §f UCQRR VBl ARASIA € 0 30)YCIEMEOTRENGR gt Raeleepptiired msimgiap dyinppusi phase
Cryostat sections of the operated kidneys were prepared and Cpeptide

expressi on - &ﬁﬂﬁ qaxt7BneR! el dhéeldsslingsitbertily wed nby
i nmunohi st gglﬁ]té%plg%cﬁ%@%he S—Sderi \?ed cells were detected by Muse

anti - human jnucl ei : . t4 . D verd HBFRIN PRURS
captured uéiletﬁﬁteghn @?ﬁ%ﬁ&gﬁ%@g ﬂé‘gﬁ‘%y%ﬁr&%%%???f?ge (A ympus | X- g\%. The
results sh i ngyl.,n. positive, cell d t I i BLRGE
ki dney; thgvlvfs‘eaélallitlgf %ﬁplg?tgﬁg%maann %{qgrlﬁ%ggﬁ) f\ggrg@ag oc\%ﬂs Fdrgl éé??&% gs&%‘@,&éﬂand

11 B. Transpl anted hunman ES-derived differentiated cells can express
C-peptide(Figure 11A). The C-peptide positive cells can be stained by

anti bodi es specific to human nuclear, indicating the cells are derived from
human ES cells (Figure 11 B). Experinentabgi nduction of human enbryonic stem
(hES) cells to becone pancreatic b cells is a potential source for cell
transpl antation therapy of type | diabetes nellitus. The threestep approach
provi ded here is able to induce hES to differentiate into functional

i nsul i nproducing cells. This nmethod, which is based on culturing hES in
chem cally defined nedium (CDM with activin A, all-trans retinoic acid

(RA) and other maturation. factors (see Figure 6), mmcs the signaling of
pancreas devel opnent in vivo. The hES-derived cells express pancreatic b

o o | gy g geape— 2



These results clearly showed that the hES cell-derived insulin-producing
cells were not only able to survive; they rescued 30% of STZ-induced

di abeti c wDeeoa/1836i1vo. The findings reported here of fer paTrNeds/000688t r 0
nodel to study the devel opnent nechani smof human islet cells and these
hES- deri ved insulin-producing cells may be utilized in future for

transpl antation therapy of type |I diabetes nellitus.Wat is clained is, 1.
A nmet hod for inducing enbryonic stemcell, conprising in sequence the steps
of : culturing enbryonic stemcells in a cell culture mediumto form

enbryoni ¢ tragires1A). e @qsd'gﬂge pdraiverany@nive sRakl s aH‘ﬂin@lie‘i@%écYﬁJ‘to%ﬁﬁq

i ncubating the enbryonic bodies with RA to devel op insulih-producing

precursor gelidas indicatihBehd RN Rfivéd Bdfhima §rc@lil§r$,g§g$?e Fllﬂ)t ure mediumis

DMEM cont ai ni ng about "10% fetus calf serum when e onic’stemcells are

frommce an d nmedi-um i s when onic stemcells are from
a5 Theepmeel BOG R O Hhigh bbbt REmIBROLRT G SsiMe PSP A o
about 50-30 ng /m CL1| ture medium and the concentratjon of RAis about 1X
10 ~7- 1 %8 PRispiia! seiet i celhiianalaniadon theeapwed hoe | erbetpameditis. The thesr
conprising the step of coating a culture vessel used to contain the culture
medi umwi BiEPRERPRGEITOHEebhase isifbledp drslues hiB®ita differsqtiaserinty Bmicidorst msulgrel | s in
the cell culture nediumto formenbryonic bodies. 5. The nmethod of claim4,
wher ei n t peodwaivg cplés: Thismaagiodoivhiches based omyellturiag ABB int chbthicd lytdadnaiuhédine
medium 6. The nmethod of claim5, wherein the enbryonic bodies are

i ncubat ed (GDM) vAGt dctivim A3 dllerand GetmolerasidRAGAd ofthbemattttion Fators (le@ Fipuld 6)f €
medi um wi t hout Activin A for 6-8 hours, and then incubated with RA for 20

hour s- 4daysimia thiesiglating oNpatkieas fvebieRtdn RIVRC TRERES-88rVed ceils exp@s et hod of
claim6, further conprising the step of incubating the resultant

i nsul i npr i I LN A GHI : | QY ation
Fact or (5) TE e A e AR AR B2 B RO Pt O
clainhé, &ﬂﬁre%nT&he ngtur iondfactEng i nclude bFGF. 9. The nethod of
claimg, Foin 1O 08 ST PeRtidgPd5t 1 SOgatpsialy) oF amyiase PRt e eRbE- of
claim?9, fur%?er,conprising the step of incubating the expanded

i nsul i npr BERAGERGSIHY et ustss theeopsibifity of ivsylin uptekeduinumynebistoshemistay ket (see
suppl enent, B27 suppl enent, Lam nin, and nicotinam de to develop insulin
produci ng Feare ®. TPﬂgﬂh%éeSﬁ’é’bﬁb@r th¢ ingiilé teleas, ofiiiriced eells vais glicossrdepamttinym i s
DVEM F12 or CDM contai ning N2 suppl enent, B27 supplenent, | ng/m of

Lami ni n, 19nglpdseebndsh@rjonk (35 hiN and 2 ah afM) wem -uSal. exfitatmredincdbatdiOyitland
10mmol /L of nicotinamde. 12. A kit for inducing enbryonic stemcell,
conpri si ngréstRiuger bAffamad 3RAC fdrD0 nliethk icéllsofer€ bt MckBated wHth ResbsTOAR:1 Si Ng
Metrigel. 14. The kit of claim 13, further conprising a first cell culture

medi uns  1buffdhentsidingd s ﬁ{Mi%Iﬂcéébat Brsd RN 5 GARMEL. STOBJSET iHNIhROB2R4R: %@EQCE

L1 STI NG SEQUENCE LI STI NG <I10> Peki ng University <120> METHOD OF 1 NDUCI N

EMBRYONI C i I 1 S ione
Patentl n \?EEF{%)L%%H% g@lw <2%{§ a%hgﬁléé%%ﬁ& %f;li@%lﬁ%el%ﬁ}, zlébégﬁsogq%ence
$20%% oxagRils e sMRal ThedtARCARY 5B SE A AN AT BTkd ST AAD

y
<212> DNA <213> artificral sequence < rmer
ct gaaggtc . <212> ENA <2 tificial sequence <220>
<223> pri %e@gyéé%egﬁ’ﬁ‘ﬁiﬂéééégdéggdlf@ﬁc@ ii”g??“iléﬁ‘é%‘t’e@&a? ERCHIHIeE §28c 20
<210> 4 <211> 20.<2]12> <213> i ficial sequence <220> <223> pri mer
<400> 4 gé% S%E‘f W&Baéﬁ’gﬁg‘;@%‘ 2@1@‘&@ (inco) 1‘51628%%112&0%02@%‘% tested
artifi ialwge uence <220> <223> Briner <400> 5 cttagcgtgt cgccacagcc ctcca
25 <240> ®i 2@31(;/%’!2']@ RroteimAgsaKit (PIERCE).  We found that for the cells induced in the
suspension culture, the insulin secretion was increase by 200% in the high glucose medium
compared to the low glucose medium (Fig. 9A). Moreover, the intracellular C-peptide content

was also increased in the cells produced with the suspension culture (Fig. 9B). However,
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<213> artificial sequence <220> <223> prinmer <400> 6 tccaacagcc gcctttcgtt
attct 25 <210> 7 <211> 20 <212> DNA <213> artificial sequence <220> <223>
primer <480=2006/@8mlaaattc gcctggatga 201 PO60040- SEQUENCECIICIRIN®B066RI 0> 8
<211> 20 <212> DNA <213> artificial sequence <220> <223> priner <400> 8
ttcctttggt ttctggaact 20 <210> 9 <211> 23 <212> DNA <213> artifici al
sequence <220> <223> prinmer <400> 9 atttgccacc tagccacagc ace 23 <210> 10
<211> 23 <212> DNA <213> artificial sequence <220> <223> priner <400> 10
cgcatttgat cccgtacaac ctg 23 <210> 11 <211> 25 <212> DNA <213> artificial

sequence F220>cRdian ikl HBEeIF4P R adflesiil @RARW n@aggordacgu@sgstimidsion2 10>
12 <211> §§IP060040-SEQUENCE LI STI NG <212> DNA <21%g ar???icigl sequence

<220> <22 | BT 124 i ffbrent 3 <211>
T8 <2105 B T T B B S e s

acacgtcccc gt%&ggggiégW?%é%ﬁ@égWE%@%§M%QUﬁ%%2> DNA <213> artificial

sequence cttccttctt catgccag 18 <210> 15 <211>

20 <212> DNA <213> artifici 2 i
ot s, pbieed b T ISP AR e B o
: |
cccc aaﬁ gt glf&;erglrztgglé;glislwanlggliqe}g lrje%glcc%p:u 62800>f d1<a %‘tSIC?andrelmrEEé ﬁqugo&guggsg tO% ?(9% ac

of the induced cell-transplanted mice was maintained at normal levels (<13.9 mM) for nearly
six weeks (Fig 10A). The glucose tolerance test indicated that these 30% blood glucose
rescued nude mice also attained improved glucose regulation capability compared to that of
control-operated mice (Fig 10B). One month after transplantation, C-peptide positive cells

10 were detected in the kidney capsules transplanted with the cells induced by the three-stage
approach. These cells were stained by human nuclei specific antibody, which indicated that
these C-peptide positive cells were derived from the injected hES cells (Fig. 11A and 11B).

These results clearly showed that the hES cell-derived insulin-producing cells were not

only able to survive; they rescued 30% of STZ-induced diabetic mice in vivo. The findings

15  reported here offer a novel in vitro model to study the development mechanism of human islet
cells and these hES-derived insulin-producing cells may be utilized in future for transplantation

therapy of type I diabetes mellitus.
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<212> DNA <213> artificial sequence <220> <223> primer <400> 17 cagtgacgac
cagagccaga cc 22 <210> 18 <211> 21 <212> DNA <213> artificial sequence
<220> <2280 2pod/108361<400> 18 ccacgacttg cccagcat ct t 21 R2I@N206/00@83> 21
<212> DNA <213> artificial sequence <220> <223> prinmer <400> 19 accaaagctc
acgcgtggaa a 21 <210> 20 <211> 22 <212> DNA <213> artificial

sequencel P060040- SEQUENCE LI STI NG <220> <223> prinmer <400> 20 tgatgtgtct
ctcggtcaag tt 22 <210> 21 <211> 25 <212> DNA <213> artificial sequence
<220> <223> priner <400> 21 cctaagatgc ccgacttcaa ctccc 25 <210> 22 <211>
24 <212> rtificial sequence <220> <223> prinmer <400> 22
gceccttcetgt ?df @E%ﬂ&cctg 24 <210> 23 <211> 22 <212> DNA <213> artifici al

<R2 0 C_accaacctca ac 22 <210> 24
22115 21 %1%‘ m%ﬁigiﬁéi@ﬁe %’2"”‘ ?CJE% 88?%%%‘&@6%%‘%@%05 LI STI NG
<223> primer <400udthgleBibsiohlcGtdn @arsmga%l&u@&eaﬁ&éggfo%@ mZQ diwl2>
DNA <213> artificial sequence <220> <223> pri nmer > 25 gagycca
agcaccatca c 21 K@M&MHQGmnﬁmﬂmeOMKm$2wﬂDNﬁnm2A&mdart|f|C|aI sequence <220>
<223> priner <400> 26 ggctgcgtct agttgcagta 20 <210> 27 <211> 20 <212> DNA
<213> rt|f|C|aI"§Bﬁﬁ@ﬁg?f@ﬁ§ﬂgl «hoptes With Ry to ey insligaredcygpeecytot at t ct a
20 <210> 28y

2. The method of claim 1, wherein the culture medium is DMEM containing about 10% fetus
calf serum when embryonic stem cells are from mice and the culture medium is CDM
when embryonic stem cells are from human.

10 3. The method of claim 1, wherein the concentration of Activin A is about 50-300ng /ml
culture medium; and the concentration of RA is about 1 X 1077-1 X 10™° mol/L culture
medium.

4. The method of claim 3, further comprising the step of coating a culture vessel used to
contain the culture medium with Metrigel before the step of culturing embryonic stem cells

15 in the cell culture medium to form embryonic bodies.

5. The method of claim 4, wherein the mass percentage of the metrigel is about 1% of the
culture medium.

6. The method of claim 5, wherein the embryonic bodies are incubated with Activin A for 20
hours-4 days, then cultured in a culture medium without Activin A for 6-8 hours, and then

20 incubated with RA for 20 hours-4days to develop insulin-producing precursor cells.

7. The method of claim 6, further comprising the step of incubating the resultant insulin-
producing precursor cells in a culture medium containing maturation factor(s) to expand
insulin-producing precursor cells.

8. The method of claim 7, wherein the maturation factor(s) include bFGF.

25 9. Themethod of claim 8, wherein the concentration of bFGF is 8-12ng/ml.
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<211> 19 <212> DNA <213> artificial sequence <220> <223> priner <400>

281 P060040- SEQUENCE LI STI NG caagtccact gacatgaag 19 <210> 29 <211> 19 <212>
DNA <213>wanbidiogical sequence <220> <223> priner <400> POTANIMGABAISE
caaagcaaa 19 <210> 30 <211> 22 <212> DNA <213> artificial sequence <220>
<223> prinmer <400> 30 tacagcatcc acataaatac ga 22 <210> 31 <211> 20 <212>
DNA <213> artificial sequence <220> <223> priner <400> 3 1 gatgctgtcc
tgccgectcec 20 <210> 32 <211> 18 <212> DNA <213> artificial sequence <220>
<223> prinmer <400> 32 tgccatagcc gggtttga 181 P060040- SEQUENCE LI STI NG <210>
33 <211> 20 <212> DNA <213> artificial sequence <220> <223> <400> 33
t t gccgaaat.cheanethedef dagm figtheggonprising tQ‘l step Qﬁ‘ﬂcmﬂ“&ﬁ‘f:?ﬁp‘ﬁ‘%?‘% F’F%If”al

22115 1o <o oY Rebsr aPS F Ahe Stnar e an bl AIIaTEh Gk Hrp R
aggeagacce achGagl o o rataR S8eridinadh ﬁ&h%ﬁ Q. <213> artificial

sequence <22 primer <4 aacaat ggcg acctcttctg 20 <210> 37
<211> 191 PO6PRAQBEIMENGR 10, ShbME the tixtturoNadiaRlis DMEMIF 12air 4IDN ecuieintg <220>
<223> prinmer <400> 37 agggaatgct tgccgactc - 19 <210> 38 <211> 19 <212> DNA
<213> &rtifi B2 atppdepnerd supploment Beimpef [astniaq hing/mipfOFEFglisdin: t t cat gggt

19 Transferrin-Selenium-A (1:100) and 10mmol/L of nicotinamide.

12. A kit for inducing embryonic stem cell, comprising Activin A and RA.
13. The kit of claim 12, further comprising Metrigel.
14. The kit of claim 13, further comprising a first cell culture medium.

10 15. The kit of claim 14, further comprising serum.
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