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METHODS FOR ASSAYI NG MCI R VARI ANTS AND M TOCHONDRI AL

MARKERS | N SKI N SAMPLES CROSS- REFERENCE TO RELATED
WABRRIE@AIs ONS This application clainms priorityréT/oRedd€001801

Application No. PCT/ CA2007/ 001790, filed Cctober 11,

2007, a [ ' COct ober
15, 2007, ﬁ%‘%ﬁt‘? e con %ﬁﬁ?(é}q\g??%ﬁ\lh%ﬁﬁlﬁﬁﬂb
i ncor por MIFOCHONDR DAL MARKIRS INNKNS AMPLES
| NVENTI ON The present invention relates to nethods for

predi cting, diagnosing and nonitoring skin states and
skin d| baﬁE NS i on
pertai n RtEIhlec}%c:oup I'ng n%ﬁlzvam \f/ngSEI n §
sanpl i ng techm gues with assays for determning

m tochondri al nmutati ons and Mel angcortin_ 1 Recepto

This %RF@]CF%)‘OW&P&N&M@OF’@? froge BlsT 2 RRbiepHQIN Vs %TWOOF@PWO filed
a
Octobg{ ??a%(ISng g{ﬂr 5 d@? 1£a9{okl[‘§/h;%cg§%3@7ét Rfl‘lgci @%Eb 5 ﬂﬂn the entire
conter@th sbwhivhfatd inteporsaisestin @y kréferentd.ect i v eneSS of and
response to therapeutic agents, skin care products and
treatment regi mes. BACKGROUND OF THE | NVENTI ON Skin

di sease repr esentﬁ%q ﬁieﬂ@ﬁpmp chal l enge in

today's world t rmrep‘}!w an one ﬁon new cases of

ski n cancer diagnosed each year in the Unlted St ates
(National Cancer Institute, ww,cancey..

The p@@Séaﬁ EvERdomAdater Ay meatheds B MCCHF%sdéaé’élPémg rA56r mgpitoring skin
states %p%ﬁfrﬁdf%%as&. %n&ﬁ?ﬁ%?ﬁeﬂ% 4 %ﬂﬁenﬁbl?g&?aiﬁg fo HEM&‘&Q'Scouphng
rety mainly on e’ o ervalonsan b1 opsi

non-iRetiee skonsampling dechhiyats withaseiys Yorsddureninibg emﬁt&hbﬁxh&,l mutations
however, are not necessaril y effective for diagnosing

and N&Gkamcglﬁlatle%eqsptoa (ME AR yarigigfon s at 2 gappichensiwiiogl for predlctmg
t
PRERAE ahiehce) pRUGECR &l i OREHERIA AAR) damage; The methods
are alftotisefil Ifyr dssexsimgtthe eff@tivenessibf el rebsinsg td thstapelytict dyeyts, skin care
al so_ i ncrease the chances of infection. These nethods
produghs apd JraEenbregiigsor med by a medical practitioner in

order to be safely conducted, and typically do

BACKGROUND OF THE INVENTION

Skin disease represents a major health care challenge in today’s world. With more than one
million new cases of skin cancer diagnosed each year in the United States (National Cancer
Institute, www.cancer. gbv), predicting and diagnosing skin disease are important aspects of
its management. Current diagnostic methods rely mainly on visible observations ahd
biopsies. Detection methods that rely on visible observations, however, are not necessarily
effective for diagnosing skin states or diseases, and do not detect risk or disease until after
clinical manifestation. Furthermofe, invasive methods such as biopsies, are not only traumatic
for a subject being tested, they also increase the chances of infection. These methods must
also be performed by a medical practitioner in order to be safely conducted, and typically do
not provide an enriched sample of cells on the surface of skin, which are the cells generally

involved in a reaction.
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not provide an enriched sanple of cells on the surface
of skin, which are the cells generally involved in a
WO e@eiasss Non- i nvasi ve net hods of di agnosi ng apdI/CA2008/001801
monitoring skin states and di seases, therefore,
represent inportant tools for patient nmanagenent, and
for assessing the efficacy of existing and new
Non-itvasive prttiods ofdiaphcsingsdadmadtoeing shitistttes anddlishksas, tharefore,
regi nes. Furthernpre, these net ds na rovr

represqyHIPSTAN (G0N BF FREGTS aPREFRaa: ﬁg PeAsESs rlrecefg‘@%értqf gisting
and nem&%ﬁéudérbggﬁtg YikiiPcdie H)lah@tg tanc? S| 'cﬁ‘re%ﬁhﬁs ﬁﬁth\éﬁﬁére ABese
herr~genet’ c predlsp sitiron for devel®oping a skin
methods meﬁpmwdedmpbrtmyn infprinhtbseregadatg the spmtfg:egenetﬂrechamgeses
pot ent dr.ug tar ets an%ﬁfreventat ve neasur

underifiag ARUBLEFY § TRBFEfon S b AR SO PO DR AP Glopme a skin
diseasé Cllh%iﬂ'ig%%ﬂ g%tﬁ: g?ﬁ}ggé‘f&ehﬁﬂésaﬁot&ﬁﬁ[ éﬁgt&éﬂgtgﬁs a4& gfea/entanve
measudﬂsﬁ@ﬁhﬁa;ﬁbrﬂﬁtfﬁﬂhﬁﬁl @tcmmmpg) whathier & perass esld aatgaltyhespond toa

of ., such therapie roduct s ,and sur es.

. safety
particWpr hepBIisZrBlath FIR Pr orBgEe MO0 drfedion e diggnosis

'methogéjé’r@tr gbﬂ’?{t% %@.;9 HoShotd lf@l? o‘f@ﬁ@ch@r‘d{)ﬁst o@lckdhfdanBEEres.

as ar travio radi ation R). Known
factors include skin col our, frequency and severity of

UVR exposu ani n productl on, ratios of eunelanin
l””“WQk%é%i%ﬁﬂ@ﬁa- &unscreen use anong others.
Unkn&@ everr]fyqio ?ﬁtget W Bk ficd doptrBfitd ©sRid dhnidde a8 § Y&hitloy

and amage to skin from UVR but are extrenely
ultravididt Fadiation (U Rys Sassviclactorsdatlbge sisn coleyr, frequeteyand eemerity of

UVR SligrumoBelogn BOBRiineans Qe as BRI s o srgereen use
amon% Db @éﬁé\%o&ﬁp{al of Itﬁh':#?@ “Hr?cefblé BOHE 8vleityPARidettd 8f Himage to

nmpr oper o applfy it in sufficient quantity
skin fiom U¥R lxaayapal e;xtratnei;h@fﬁceﬂ:tdmmesledlmcmﬂerav dhes', arg depehderg upon the

eSS PR Sl LSS, e A S 40 LS5
Many 26 698415 A8 ks @urﬁ&%bx'l ?e%h aklyYa19fusd ittiRPropefl Pfcfaﬁﬁl%l t¥ apply it in

moni tor the success and appropriatenéss o
sufﬁcpntaqﬁ.@ntlalt drie reppiyat ge racunmbted pirtesvabse bregtingly fadsdiense of

e to the s W th consequences in
pmte"‘%ﬁ%t L‘i\éﬁﬁ]rg Bﬁpﬁd‘gﬁms{y{%{(p Roaging to increasing
skrn cancer risk. In an effort to fully evaluate an

i ndi vidual"s skin
These factors among others necessitate the ava11ab111ty of a tool to closely monitor the

success and appropriateness of the preventatlve measures and therapies being advised to
prevent UVR damage to the skin, with consequences in the spectrum from premature
photoaging to increasing skin cancer risk. In an effort to fully evaluate an individual’s skin
state, and as a result their risk of photoaging and skin cancer, it is imperative that health care
practitioners are provided with as much insight as possiblc to understand and communicate
their patient’s risk factors. It would, therefore, be desirable to have a diagnostic method for
assessing an individual’s genetic predisposition to the damaging effects of UVR, as well as

the identification of risk factors associated with an individual’s particular sun lifestyle habits.
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state, and as a result their risk of photoagi ng and
skin cancer, it is inperative that health care
w@e@enidssdners are provided with as nmuch insi an:T/ﬁszoos/omsm
possi bl e to understand and comuni cate their patient's
Such ﬁa&!ﬁo&%%qgaudf% % bg%Fgﬁﬁ\fLQ lgq‘ro%?ﬁ{e eﬁgi %lor d,ermal
have a tragnos Hodt or dsSesk an i

layers ge:ahetndﬁ;vmﬁafldl smmsr theamnificatidone mmtgndr@l 6fdnearkas nfdldzMRa of
as well as_ the |dent|f|cat|on @\1;[ ri sk fact
UVR dagaagei 2 well o5 Melanacartiil \Regenier MGLERY g%@%wngs uchldenﬁfy variants

[ I

1nvolvngiF @%i&}y@tﬁ&gyg rﬁe‘fﬂﬁ%&{ksg ’F'ﬁé %bmHﬁgéegbglbggftﬁ%tFﬁi tandem provide a

compldhmmifie tbelyfer lscatth cane pran\ddatls tumbhiors kdvisef, ad treat patients by
uantification of mto hondr.i al bi omarkers indicative

considspin hPRARGRL S SEneliePIee 5@0%@%%518?%%@ REREptapf the result of

uﬂ@l‘ ariants involved in
the paé%@ S(F:%l gﬁ%}%&g& e Oalﬂfgeé\}églggtagfaﬁo e conbi ned use of both
tests in tandem provi de a conprehensive tool for

~ healt re providers nitor, advise, and treat
.M”OCW@Zfl%JaWS%W‘H@fWHéWh a patient's genetic

Humafl fsﬁﬁil' trch@esttlﬁe%zﬁ& &&n&ﬁ@)@ﬁ&ﬁ&irﬁ&m@g ninAoES cel ie% F\gféﬁﬁiéll)t, the

t he gol ng exposure to ultr
identifieatiioa toff hnmaﬂ\/bhn celd b@maakersjfsl o q)axmslaaﬂﬁpm-taabe dondetdrmihd

Hunma ssue_i.s highly conple d. rise
relisblg R OB aﬂw@é} RGN STipethe iRIoFs @k others have

 examifbd ﬁxté%oeﬁhéiﬂr%ﬁ% nltg R RIBH&SH m& (I%Dm? tr Gt ﬁﬁ%n nuclear DNA, as

I npor tance. ermne a reliable mafker of
a bioncarker! cef Ui W-enduv&l BXFodamazei (Bamgjetmh $%94n Betrigbuigret eht X193 ; Birch-

and rs_hav t he novel idea of using
Mac}%?éﬁh&%&rﬁgf) &@&ﬁ’("sz) rat her than nucl ear DNA as
abi omar ker of UV-induced DNA danage (Pang et al.,

1994; Berneburg et al., 1997; Birch- Machin et al.,
The udOSBNtIBVA clamivpe b mbioﬁﬁﬂ@) forthmuli e ghin-axpoiNdreda iagan akin is a

.a. bio er. for Iatlvesnexo re in
relati Ly B B ARG RGre R PIeSIS ST BESIPR P ORI dambage to
d1stm%@£l¥b&@«%ex§é r¥teCRARAL Gch- QS&B% Q@:‘F&gﬁ te@add'l@@il @éfh@dﬁrg et al.,

tween sun-protected and sun-exposed Skl n (Pang et
1997; Birch-Maedin eBdr, A8%8)r Jhet ap@toa,ch isglﬁﬁ;techemaﬁsel\mmhndamﬁna skin

cnce S S e OB koL SRR et e

sun WB@H 5808 abepbbssd {oeﬁtey\’ﬂia%}e &b EasieBMBI KpoRURE ARSuh PArmstrong,
he sun when outdoors as opposed to S|tes that are

| 2004) occasi onal l y" exposed to the sun (Arnstrong,

In the present Applicant’s co-pending PCT application‘bearing publication no.W0O/06/111029

(the contents of which are incorporated herein by reference), a 3895 bp deletion in human
mitochondrial DNA (mtDNA) was identified as a biomarker of UV-induced DNA damage.
This deletion was identified in the minor arc spanning nucleotides 547-4443. This deletion
had previously been associated with Kearns Sayre Syndrome and Chronic Progressive

External Opthalmoplegia (Moraes et al., 1995).
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2004). In the present Applicant's co-pending PCT
application bearing publication no. WJ06/1 11029 (the

w@ eowwentsss of which are incorporated herein by PCT/CA2008/001801
reference), a 3895 bp deletion in human m tochondri al

Y PO AR B BB b oo

occurréAt@ ofki0I8931Hp HMAIAIdBIgtc &l wofifickdy A Terdtb3twebhibddy sites that
del eti on had previously been associated with Kearns

are “usally evessusdoeersioandy rpesrddo theoyne 41 pddition: the gpmples

domo GBI THRER 2y AR s B BT U coppgpen o

sunlight 1§/ 1f1ﬂ1§iﬁlhl§!h@)8 895 bpdelstisrencerofvithiepadBiob stiplatidD¥bses of a
deletion is S|gn|f|cantly dlfferent betmeen body sites
UVAHUGEB lightsougpgual | y* versus "occasional | y" exposed to

the sun. hi addition, the exanples denonstrated a |ink
bet ween the etiology of the 3895 bp deletion and the

ImportddiRy, cRIPRRDNMs aahlysedini OOy 1009 wetawgpt tabsess28 Sattiegard to the
deletion in vitro with repetitive sub-]ethal doses. of

individpallygengiis predisposision e &n 4%? eBhiipkTor skinfagegrppaddition, these
o 35 R R R B ASRSTRR My e

sun damage and risk for Skl n cancer. | n addition,
these sanpl-es were obtained by painful nmethods of skin
Mela”@mmédtfﬁétfﬁpfﬁfQVC&&%G?”Q&YHW inthe art. Melanocortin 1

The mrFe\)i3 r@tﬁ lérg n g@( ﬁ%@%&?@%ﬁ&& a%%rﬁprglﬁg 'Eg arid aéelp éor?tem that

is cent41Qb ﬁie)lhnﬁﬁl@tntheSmC"ElﬁH ¢adling region oA MGV iy rhig’ltkﬁp&ym'ﬁhﬂuc and
coding region of MJR is highly polynorphic and

associgiens ot FargnsWish Digaeniatics phmqﬁmﬁs gad Atk tor selamarandes-

T e
1406}, 3(:3 20003 Banct48(h hl. Chuee EpRMiolsgnBictsyrkers & PrevEatimeVol. 13,

Egl dem ol o Bi omarkers & Prevention Vol. 13, 808-819,
808-8 A Ma0d)). Mhednsidencaatte of mslagomp ihelealnthin faisskjreed: st

sensitvg h‘t‘.aqi(lguab ﬂggegungaﬁt 88 %’Bh%} goere %\&‘) @ﬂﬁé%m%g 99eRkiA%d

e FD) 0 réspon exposur
synthestscdf ens&dn Syl 1h@sn5ntdﬁctniemaamlmdnsa dofensepdamin tst\ﬁ&s thave shown
i n el anoma defense. Fam | ){) st.udi.es have shown
that individuals with fair skin and red hair hatbor functionally 51gmﬁcant changes in both
MCIR alleles. The alleles D84E, R142H, R151C, R160H and D294H have high penetrance

for red hair and fair skin. Two lower penetrance alleles (V60L, V92M) are also common

factors in melanoma risk.

MCIR is, therefore, a major determinant of sun'sensitivity and a genetic risk factor for skin
cancer. Assessing DNA or amino acid sequence of the Melanoéortin 1 Receptor (MCIR)
gene to identify whether certain variants which are associated with increased sun sensitivity,
susceptibility to DNA damage and increased skin cancer risk are present provides a valuable
tool to identify patients with greater risk who are in need of more aggressive monitoring and
treatment measures. Evaluation of phenotypic characteristics associated with sun sensitivity

alone would not be able to elucidate this increased risk.
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that individuals with fair skin and red hair harbor
functionally significant changes in both MJR alleles.
wabmoakdses es D34E, R142H, R 51C, R 60H and D2OHEARmS/@01801
hi gh penetrance for red hair and fair skin. Two | ower
penetrance alleles (V60L, V92M are al so common
factors in nelanoma risk. MO R is, therefore, a mgjor
Skin sdeip@ngi nant of sun sensitivity and a genetic risk
r skin cancer. Assessing DNA or_ am no acjd

fact f
Cweg@éa@%é%g%ﬁhet fodlegiancafosiy yamples freise i Bre dinamoRy of ebasagterization

s ti . . v ot ed
of dis R S o BB Qe e B B b e B S SO 2
substaiaibdjiscanfdrti to thedadwilakbeing eesedr ExampleaoLopre@sgthods for the
provi.des a val uable tool to identjfy patients wth .
colleqgiop gt g‘F‘P SPERIea TG e euPih bee Gpelify 4 syppied sxcjgon. In addition
to therfﬁér&'oh%ﬂt E&s@ﬂg HERA R he MBASHYE S8in cﬁé&lﬁﬂﬁt hR Rdthods must also
phenotypi c characteristics associated wth sun :
be pefermséd byva tgdiablgmactitionédinroder be bakdfely tcondlcul. dat e thi s
i ncreased risk.Skin sanpling Current nethods for the
col l ection of skin sanples for use in the diagnosis or
Such BRVA5A€ 1R RAig AL 1A Bfhefl i o £ i
v FRARSELERRAL R Sherl 8RR SUEORR TG peomenicnce
of sargplb sbBerttion) anditbe possibility tlmt tbléeciaddzmptiy @hn belosgotekidedtified.
anpl.es of current net hgds for, the coll gcti on of skin

Ex
Infecty BCQUYERIGRRS aﬁﬁﬂ}ggn@e b‘%??uaflﬁlbse‘pi“fh(l?h freBtRIgrgyar sample

colle@bhiiSteQired, @uéldégi&i'tme)?cpgﬁrg inﬁﬁﬁﬂifiﬁ’% {]egﬁﬁ‘éﬁsa%q R ads O merit of

current nethods for skin ection, se net hods
long-teus ttheahpyo Foshqrethe dinmeehdep steaspadtitebivitip thesd invagnetest methods
or o be safely conducted,__Such invasjve technjques
makeﬁtaﬂggé%‘ﬁtﬁe Fapa‘?lgg FRSKlsassess Aymagester res pepalatioppot
individASION MR Gfer&ore3 BORE ; ! inimally invasi
. 1Vlpossi bi%lp(? ty tﬁﬁat ! éoFIHesglfag%I tlg Z)‘rfr%}ll(gega %%glgéﬁf%%rtmg]rlmauy mvasive
skin qoilsétibanhéthodadogyl thitenay bncanddeted easily and expidly af & home, clinical or
magnified in situations in which frequent or regular
cosmEG 6ol | ection is required, such as with UVR
exposure nonitoring regi mes and the assessnent of
~long-termtherapy. Further, the tine and cost
This hsckgoivat edfoumiation he peoviidadafirvihe tpesposeaifhmdisingedo@wint information
. di.fficult to rapidly genotype and assess DNA damage L
believer) by; ¢ Rl the RS SIS FHaT At iRaite Preveniagtiprdion. No admission
is nedRQABY Gh@nddie Reshbah! Be ©OndRuRY §8t Fny Q- th&ViRededfngCinformation

mninally invasive
constitutes prior art against the present invention.

SUMMARY OF THE INVENTION

An object of the present invention is to provide methods for assaying MC1R variants and
mitochondrial markers in skin samples. In accordance with an aspect of the present
invention, there is provided a diagnosﬁc method for determining the skin state and genetic
predispoéition of a subject to UVR damage, comprising:

(a) collecting tissue samples from a subject;
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skin coll ection nmethodol ogy that may be conduct ed
easily and rapidly in a honme, clinical or cosnetic

W@ eaoviong3s Thi s background i nformation i s provi BEHCAZI08/001801
t he purpose of maki ng known information believed by

or R AP b Eh AR P B DA Kby

i abezratieds; nor shoul d be construed, that any of the

recedi ng i nforpation cqnstitutes prior art _agai nst
{160 S50, SeP LS e RARY OTROR e leuatip Breosptor (MCIR)
obi@fks:Qfigt he present invention is to provide nethods
for assaying MJ R variants and mtochondrial markers
i (d)sletenmsBngpibeskinl stataanbgaatic predispbsition abfhe sibjedt té a/R
resent. i nyenti o t.here is provided a diagnostic . .
hERREEF 1P e eﬁl%ofie e ruNA dhesmetionsandguRdRivariant(s) in the
predissppektion of a subject to UVR danmge, conpri sing:
a) coltecting tissue sanples froma subject; (b)
assaying a first tissue sanple for mtochondrial DNA

' DNA) . aberrations; .(c). assaying a second tissue
In aCC@Q%BF%&ﬁg PHQ}E%Y a5Pechsf Berpyentier diers is Providedose of thenmpthyd of the
: j ot det ol -Ski tate and
invenliSH 1oF Bl SR DoRholE OV R diREe b HlsLasd B2 Simmge
based on the detection of the ntDNA aberrations and

R varjant(s) int skin sanples. |In_ accordance
LR EA OB RIS L Gt

. \ . , )

e e SR oy L R BlenPho Bl E b or

ameligiiatihg plmgodpimg, AER damege driwkin camesrt i on there i s provi ded
use of the nethod of the invention for determning a
prophyl actic or therapeutic treatnent for preventing

In accBfdaBfEWItR Eﬁ‘&th%s?ﬁﬂ)?ﬁqg'iﬁ\%miw Bleg@i%&?vi(%d SEInG A ERethod
I n accordance w anot her aspect of the | Aventi on

for methtriag iphotorging,déWRalanmge bnskdrs diseasaptongdising:

- (@) collecting a skin sample from a subject using a non-invasive skin sampling

technique; .

(b) assaying the skin sample for mitochondriél DNA (mtDNA) aberrations at regular
intervals over a prescribed period of time; and

(c) determining any changes in mtDNA aberrations identified over the prescribed

period of time.

In accordance with another aspect of the invention there is provided a method for monitoring
a subject’s response to a preventative or therapeutic treatment for photoaging, UVR damage
or skin disease, comprising: _

(a) collecting a first skin sample from a subject;

(b) assaying the first skin sample for mitochondrial DNA (mtDNA) aberrations;

(c) assaying the first skin sample for one or more melanocortin 1 receptor MCIR)

variants;



for nmonitoring photoagi ng, UYR damage or skin di sease,
conprising: (a) collecting a skin sanple froma

W@ apeats3iisi ng a non-invasi ve skin sanpling ter¢tiCyu®8/001801
(b) assaying the ski n sanple for mtochondrial DNA

aber ul.ar_interyal s.gver..a
(?ae)scre)r%‘eran% 5i® E?t (ﬁrggnegﬁ redispo é?’é Pﬁ&‘ﬁiSH@e%Q UVR
c langg@sbdsad bk @Me@é@ﬁbﬁ af e DNIE Bbdrfdtieds %Mdﬂkevanant(s) in the
prescrl bed er| od of tinme. In accordance with another "

a lfﬁéé IMFAMPKS | nvention there is provided a nmethod for

t ég il é %}rg%gtaﬁg/% he?a%@ﬁgs g%a'irlrlﬁ 3 fgﬂg}}ﬁm ald XFVOP? damage or

a el Fea
skhﬁdﬁbeﬁ@@se conpri si ng: (a) coI | ecting a f| rst skin

iiﬁ”ééﬁeéééﬁﬁ?@%éﬁkmb nAWbRA) aberr ati ons: ()
a&gng tﬂg s%cfo?xg télélﬁ{%él?lp%%ﬁ’ﬁtoé%r gal[elgﬁmb‘f\m) aberrations;

deli)&ep‘eaﬁng\ gteph) sid (2) ot REElapiergdn6ldra RERALSPPS cﬁmme and
of the subject to UVR damage based on the detection of

t K cwmmgavb@ toval plonEPMA@brIm RN Retveean (he) firstskimeaniple and the

L AT G S B 05, BB SR 2o gogions,

S kherelﬁrl rﬁ@rﬁﬁﬁmg(ﬂﬁé eftkivesdss 60tha ne@eRAL apdi N sanpl e from
a subj ect; assayi ng the second skin sanple for
nr(Jt) e %ﬁusrgmﬂmr@%nymé:@éqdrqt the geneticipyedispositipn ngthe

i &*%B%FG‘C%’ B SR EON R  Rpar i gt he 1 evel

of rrtDNA aberrations between the first skin sanple and
the skin sanples taken at regular intervals to detect
In acceFianefewith anothengapeds of thetinvaméion these @womcm a wethod of haeening

for an®HeEEYd ﬂ[lglg.sglﬁl ofr cgﬁﬁeceﬁﬁggge%{] For tﬁe treatment of photoaging, UVR

damage or skin disease, cqmprising;
(a) collecting a first skin sample from a subject;
(b) assaying the first skin sample for mitochondrial DNA (mtDNA) aberrations;
(¢) treating the subject with the therapeutic or cosmeceutic agent; .
(d) collecting a second skin sample from a subject following a preécribed period of
time; ’
(e) assaying the second skin sample for mitochondrial DNA (mtDNA) aberrations;
and o |
(f) comparing the level of mtDNA aberrations between the first skin sample and the
second skin sample against a control to determine the effectiveness of the therapeutic

or comesceutical agent.

In accordance with anothér aspect of the invention there is provided a method for determining
the level of photodamage of a subject, comprising:
(a) collecting a skin sample from a subject;

(b) assaying the skin sample for mitochondrial DNA (mtDNA) deletions;
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(j) optionally, adjusting the treatnent based on the
genetic predisposition of the subject and the detected

web@nges3i n nt DNA aberrations. I n accordance W€TICA2008/001801
anot her aspect of the invention there is provided a

BaaReRin L TER] OfhoNadFhbe A S ERBRSMbS Fogyiation
dafREENAr defdtioRs dété%’ﬁ‘z@d a€cRding 0 A3 co(lﬁ)rtsgl ald a&@ﬂghing adhotoage

first skin sanple froma subject; (b) assaying the
f ta e sehipet; @whpl e for nitochondrial DNA (nt DNA)

ﬁ(@{dg%téﬁl}onrﬁ 12(})1% (f%vgis ée@%otélc%gf 28 o?tﬂ%l ?g})tectv\%; {brﬁéﬂﬁné the subject’s

S@H@ﬁ@l_o%i@hﬁg%&@’ﬂie%sﬁlgﬂéﬂ p’chosddgbeCt fol l owing a
prescri bed period of tine; (e) assaying the second
skin sanple for mtochondrial DNA (ntDNA) aberrations;

f ' .
In accpt e(gx\l;\lé gmtﬁ %nn&ﬁlgrjrag?ecg E? Eﬂe@%&énltﬁﬂ tﬂ%r@\?@%&é %gl g{b%tlc kit for
deterrBiaiAy tBe didiaisRsd and geaeid p{edispbsﬁﬁirﬁffm subjethe UVR damage,
ef fecti veness of the therapeutic or conesceutical

COmpHSBEt . | n accordance with another aspect of the

it E\é}enzgter f[)?c%rll%ct srsgéléagxg:?esaaﬁﬁat hod for determ ning

Teve a subj ect, conprising: (a)
Cgb) waxtble gnﬁxessk pfbb&éiﬁmi Ragentfolcatihe oht MCHR @asmunggmd the
the skin sanple for mtochondrial DNA (ntDNA)
detectiien efi nBNA @b§rdRpar i ng the | evel of nt DNA del etions
of the skin sanple against a popul ati on of nt DNA
del etions categorized according to age co-horts, and
assi gni ng a BROEPAESCRIPTION OF FEE FIGURES
deternmning the level of photodamage of the subject by
conparing the subject's chronol ogical age to the
a
Thes 0 53 BIRL BRBE Ry SR FANGE 1 g DAOR BB ine dried
descrip®bn in which reference is made to the appended drawings.

Figure 1 shows real-time PCR data relating to the 3895 bp mtDNA deletion levels in skin

samples collected from the nose and the heel using the method of the present invention.

“Figure 2 shows real-time PCR data relating to levels of the 3895 bp mtDNA deletion in skin

cells collected from various Body sites using the method of the present invention.

Figure 3 shows real-time PCR data relating to levels of the 3895 bp mtDNA deletion in skin

- cells collected from various body sites using the method of the present invention.

Figure 4 is a gel showing the presence of amplification products present in samples collected

from various non-invasive skin collection methods.

Figure 5 is a gel showing the presence of amplification products present in samples collected

from various non-invasive skin collection methods.



10

15

20

25

30

determ ning the skin state and genetic predisposition
of a subject to UVR danage, conprising: (a) materi al
wo e00vomsBEct i ng ti ssue sanpl es; and (b) sui.t abP@r/CA2008/001801

prinmers, probes and reagents for carrying out MJR

genotyping and the detection of nt DNA aberrations.

BRI EF DESCRI PTI ON OF THE FI GURES These and ot her

features of the invention will becone nore apparent in
Figurdst¥tof1a! showi oot sing irdRifts 48S6hiebk tfed Br ¥ Parfater ence

is made to the appended drawi ngs. Figure 1 shows

real-tinme PCR data relating to the 3895 bp nt DNA

Figurh B Gl s R pSI PRI e P RR DAL Sarient

invention. Figure 2 shows real-tinme PCR data relating
. to levels of the 3895 bp ntDNA deletion in skin cells
Figure b} shewtseigriplodepietingdbsleeldyf 38P$ & mibNAydelpiéomed ayepulstion
resent Jinvention. Figure 3 shows real-tine PCR

t he
CMEgHg?g%ﬁgﬁngﬂﬁ”§b |l evel s of the 3895 bp ntDNA del etion

in skin cells collected fromvarious body sites using

the nethod of the present invention. Figure 4 is a gel

show ng tHET@cIé@?é}]BES@RIR@QN OFatHE TEON present

in sanples collected from various non-invasive skin

collection nmethods. Figure 5 is a gel show ng the '
The ppasetanventioh paompddsimethodsorf pedicung, diagnesemand mostenpigskin states

ot S8 EERE T ORNEI, SRV A4 S SO e
with S&dBsethsddi@stifs nfiRchaldrial araiondahs MéhsiebRinl 2 I@é&@%l@r aMCIR)
gel” providing results of an assay testing for the

variarsOHnathise regardarthamethads gueeide 3 soroprshensireaioil desphasstssing genetic

pes b5l Al 5% BN 06! S, U PR LA rision
(UVRYHEnh IWYENTE ethb@s BIs6SARw oW 8t hBssReRY iof @S pARdnf@d&sponse to
of predicting, diagnosing and nonitoring skin states :

therapgntic agants, dkis sarsasodurtseanddrerarnt cegiped- se coupl i ng
non-i nvasi ve skin sanpling techni ques

Definitions ]
Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs.

As used herein, the term “about” refers to approximately a +/-10% variation from the stated
value. It is to be understood that such a variation is always included in any given value

provided herein, whether or not it is specifically referred to.

As used herein, “alleles” means one of several alternative forms of a given DNA sequence

occupying a specific place on a chromosome.
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wi th assays that determ ne mtochondrial nutations and
Mel anocortin 1 Receptor (MO R) variants. In this

w0 e@afdhs33 he net hods provide a conprehensi ve tpoOI/CAR08/001801
assessing genetic predisposition and risk factors
associated mﬁth disease agei ng and ul travi ol et
radiation The nethods al so allagw for the

As usgd BEE@nERYC edbreah%é{ ((%S is the pah afwlich @rg%@%@e@u@ of a nucleic
1
acid s QESri se%iﬁb%ﬁ%s%r’e)gﬁ? o tugdlot %d 15)" §Q§H£@F? s ogfesclence signal.

AT EToNS ine erw s ni ca
The Candinsetselytrelhted td Grenmanistgdfiter ehueritabein evestagaedreani ng
as conmonly understood by one of ordinary skill in the

art' to mhich this invention belongs. As used herein,
I () r: i - 0
As us{:/(gf;fertaa n&l gfrig 9! ‘ﬂf a(?sengé’ g%@g'?ilﬁegf)r%é%&gée' bt d8¥hce of a
mutatwmot&roshrbuﬂtlbm af mmbnsaawaafacmt nroaliséase diagam?s ormadnadedentn The

ven val rovi ded. h reln r or not it is
detec% %ﬁgt% %tqtvn@éﬁ& begistepin %smn ae ifeaseg| | el es"”
means one of several alternative fornms of a given DNA
sequence occupying a specific place on a chronosone. As
As used heteinefddletiond tiynehres refavesvd b aégiéia) DN 6ihatDMOA ftonat contiguous
whi ch target | jfication of a nycleic acid sequence
Sequep?%@l;a %&g}%a%finﬁalesawanﬁng% .S@a#r@al Pie base rcgfilavsagé%ﬂf bases
a fluorescence signal. The CT is inversely rel ated
o the quantity of the sequence being investigated. As
used herein, "diagnostic" or "diagnosi ng" means using
th ﬁ presence or .ahsence of a nmytation or conbination
As usgd hepging ; myachondrig] DNAL oF “mHPRIAS enkN Adprsipnb iy mitgghondria.
managenent. The detection of the nutation(s) can be a
step in the diagnosis of a disease. As used herein,
As usédiatretn, Omﬂtatlnﬁaeﬁﬁzom@m\ﬂahnﬁﬁoaﬁbﬁgjnaﬁ chﬁngal\lﬁ\nOdﬁlefﬁoDNA

or lar

‘ nt.i guous .sequence of a nuclei¢c ac
mltocg@l“gh?&ﬁ\ﬁA AR the Mgl tpe SpecE, BhEe Tithont itl’é‘lt{ﬂllf&ﬁ%ﬁfds

muta%?@%ﬁﬁ;p%,bkﬁhglﬁlgs, tﬁﬁvé{‘&%ﬂs %%hﬁb&tlo d%féﬁgfr?sp gﬁ\,e%ons,

presént 1n m t8¢
duplicmieds, redogibinatibnuidatanthiflatens drepads he aodifivaton oceiah@hof the

or change ,in nuc
sequence can extend from a smgiecbase change to the addition or elimination of an entire

DNA fragment.

The term “sample” refers to any preparation derived from skin of a subject. For example, a

: samp'lé‘ of cells obtained using the non-invasive method des,cri_:bed'herein can be used to

~ isolate polynucleotides, polypeptides, or mitochondrial DNA, for the methods of the present

invention. Samples for the present invention, typically are taken from the dermis or epidermis
of the skin. The samples are preferably taken of the skin surface using non-invasive or

minimally invasive skin sampling methods discussed herein.
The term “skin” refers to the outer protective covering of the body, consistihg of the corium

and the epidermis, and is understood to include sweat and sebaceous glands, as well as hair

follicle structures. In one embodiment, the skin is mammalian skin, preferably human.

10
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m tochondrial DNA fromthe wild type sequence,
including without Iimtation point nutations,

WO p@p®IdsBHNS, i nsertions, transversions, PCT/CA2008/001801
transl ocati ons, deletions, inversions, duplications,

inations .or, canbl nati.ons there '
As st B B S8 cnge By oy Recedl i e ki witp assmest o e
amouf ofUNIR @aﬁi%a&ﬁﬁﬁﬁ&dt duelth @u@@ﬁio&tﬁr@ Nafiing béds stalVRAsPtiated
an entire fragnment. The term "sanple” refers to
diseasamgndothe flie.at i on derived fromskin of a subject. For
exanpl e, a sanple of cells obtained using the
non-i nvasi ve net hod descri bed herein can be used to

The tdrSQ FEefap® b UedaBatitdes usePinkpeRhc®s; hedéin, refer to an intervention
m t ochondrial DNA, for the nethods of t he present

perforinredewith G intsatign efsmpervingresyhiess & statysn\dg dmnprpvement can be

. typically.are ;t.a omt [ nl
subjegf of Bt H ol ied [PRRFu i Ry Rl BEa Bl Rl
preveﬁthi{g‘ tﬂé Qevbpiflent 0 or AMESigBe ﬁﬁthﬂl_o@y ﬁﬁh kMnidineasi diomslst or state.
| i ng nethods di scussed herein. The term" ski n”

Thus rtber erms t ratpryr@né ute@tmept geeetd indhebrpadashipnss. andéngheipthe

preveﬁ’t:i;(?f{s5 3 ggax%s c:elra %:?e Pe@u o% 512;? Sﬁ‘ﬁlgceou@éssea ﬁ%ohﬁr or state, at

Vanoﬂkeét:igeél?r%nﬁné @étbh@ﬂaﬁoﬁ bf Mﬁlﬁﬁo@’s status ioslgo aﬁdnm@amﬂthy the term.
the skin is manmal i an skin, preferably human. As used

Subjehtsrie peedt qféhqrewﬁreaﬁmpm thpginatude gose élretaéy PAwEng &f—‘odl@qaé% disorder

ol AR R e PR s BB

thoset'iﬁﬁﬂh@m&h@ dlsgelsé Qﬁ&ﬁéer&ﬂ dtatdie td b&ﬁmv&hﬁi terms "therapy"
and "treatnment," as used interchangeably herein, refer

to an intervention performed with the intention of

ol B S o B SRR BCERG D B s

the synptons associated with, preventing the
devel opment of, or altering the pat hol ogy .of a_ skin
The giedwds eof dies prasent BrveBliclt OMPHEE COHplaNg PRENYAsBIapn sampling

techn?cﬂlgf f\j\/&t a%sgae gteﬁtgct%euﬁqge%{fylég%ﬁég i@gl)%’glt’ %‘[e%}ﬁg tplmﬁg)osmon to skin

vention

disea$eeghdcCii dkofctorNehs6diited &vidf UNRMixpease, T Sedydahaybe sémtubted alone
at vari ous stages Preventin deterloratlon of a
or msmb}belta@mg withh o apethent dhen suse pigheserassaysrpppvides a unique

ablht%/ Eo 1gxu doll dly%%é%s? %ene{iﬁ él?lgﬂseéogg %4 11%52%% h'aQi@ H%?eby providing

rea
a diagnostic tool for health care professionals to better momtor, advise and treat patients that

are prone to or suffering from photoaging, UVR damage or a skin disease.

Assay for Detection of Mitochondrial Mutations

Mitochondrial DNA (MtDNA) dynamics are an important diagnostic tool. Mutations in
mtDNA are often preliminary indicators of developing disease and may act as biomarkers
indicative of risk factors associated with disease onset. As well, as a result of the higher copy
number per cell of mitochondrial DNA as compared to nuclear DNA it is a more robust target

for assays relying on extremely minute quantities of nucleic acids. The methods of the

11
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or state as well as those prone to, or at risk of
devel opi ng, the disease, disorder or state and those
w0 poosleisss he di sease, disorder or state i s to PEI/CA2008/001801
prevent ed. Assays for Determ ning Skin State and
Assessi ng. Genetic Predisposition to Skin ¥ sease.The .
Prese iR HIRE oG s ORE O Y B e TR o amples with
an assﬁ?%ﬂ DYRSihY enikiohs SPRRhANBItb 8RB SURRoME! h assays
effective In identifying an individual's genetic
predi sposition to skin disease and risk factors
s AR R Y BB e R RS Ay sin s
can ideMBAE HEDER Aiats 6f AfpatiBRSRItRASEPYE 1B UlgBredsudndx@uure and UVR
ability to simultaneously assess genetic risk factors
damagndFwiliernpice snepseremant 06 MDA abyephay infergls guch as biweekly or
mondfy 28895 bRt &EF pRERLHRF S0 PRSI TR, S0l monitorig oo
for cafiPRRoA QgalhstSairidt ReconiBendaieistadirad, to AR rala U Eir @ffeétiveness
~skin disease. Assayfor Detection of Mtochondri al
in praventag skirsdavhagschosedbyd/VRNA (M DNA) dynani cs are an
i nportant diagnostic tool. Miutations in ntDNA are
often prelimnary indicators of devel oping disease and
The pr8¥éneiatetonbihersisk eprdvides arttodoPdetérnsiking aled ki state of a patient
__associated with di sease onset. As well, as a result of .
with tragpehi dgh equnadgiven U rdapige.c 6pmpaSing qoseiaingr ¢ dionprgasive skin
s compared _to nucl ea [t 1S re.[o .t arget
colleqtfie GIRAGE" w55 on PfRclibe ot RLSG oMb bE "G ccordance
with B EEbEdiAShtAST. thel fheemfinh sm@dchbhdidl @aemion 9 ¥eBétt®fom the group
therefore, couple non-invasive techni ques for .
consigitng efcdaletipnsiqubstiaiigrseand jnsditiens. Esacsprdagee with apethpigembodiment
nut ations 4 n _human mtoc [ n IS S
of e pEhHRON b€ YN T o GOECh; e EE N Than PR HSAEC §& another
embodRBERt A itlNvERtioR BE nutARARS EheCFBISIHPRIDNYK dehgios Kilentified in PCT
state of a@éatl ent. Wwth respect to cunul ative sun ) .
appliegtisnner WOA0d | LR darasgerdanmgrwifestbanothensmboediarash of B invention,

‘the rrglgell,]lorsl rigft}}egig@ lebg)lr(%ege%é)g:aé as%tffg?tgglg igg?a]:ﬁs ﬁ?\/ﬂ(lh Y% Q&o%ﬂgﬂvﬁh still a

furthéresehbddiri®nt off daihidridoh Vibe MDNAOHiuRgioh @elredpohdLOh@sdgaeite as set
agai nst treatnent reconmmendations in order to

forthde BBRINEOthei r ef fectiveness in preventing skin
damage caused by UVR - The present invention, .
therefore, provides a nethod for determ ning the skin
Exengflayeméthods foatdo@thvasively collecting skin samples and assaying mitochondrial

mutation are provided in the Examples section. Extraction of mtDNA from a sample may be
undertaken using any suitable known method. MtDNA extraction is followed by
amplification of all or a regién of the mitochondrial genome, and may include sequencing of
the mitochondriél genome, as is known in the art and described, for eXamplg, in Current
Protocols in Molecular Biology (Ausubel et al., John Wiley & Sons, New York, 2007).
Likewise, methods for detecting the presence of mutations in the mtDNA can be selected
from suitable techniques known to those skilled in the art. For example, analyzing mtDNA
can comprise sequencing the mtDNA, amplifying mtDNA by PCR, Southern, Northern,
Western South-Western blot hybridizations, denaturing HPLC, hybridization to microarrays,

12
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with respect to cunul ati ve UVR damage, conpri sing

conbi ning a non-invasive skin collecting technique
wowaobk/oas3assay for detecting a mitochondrial PCT/CA2008/001801

aberrati on. In accordance with one enbodi nent of t he

blochlpﬁ\g? éﬂeo&h ol(—[:;c]tuiag%ba?? (r]an? éftsﬂu 3 gen(s)ors II?%' &h edratfu{reg}g?oﬁhng

roup Roid Ing o |bns subs ion

or a cornbigafiorofRanfiof dacabodance W t h anot her enmbodi nent of
the invention, the nutation is an ntDNA deletion. In
accor dance mnth yet anot her enbodi nent of the

Ay P45 5L R A TASRIREA N ek o

amplifiet by B@quomitb Beduiehdihg. altethethod bDPORIE Mielldnotvhén the art and may
i nvention, the mutation_is the 3895 bp deletion as

be pexfeynad asrilesgreherrin Mullis apdh Faloenr.ddi§é eMsihiods Snzymola 1557335, peR
produ%[cta.pelge §5EE1%9&6'3E&“6 ‘ﬂ& ¢ éorh%théH/ %R&' oOect&h gﬂ:{h%h{e]% placed into a

I on correspon € sequence as

bacter%@ok@@@n%les Ebf@NAasreguemeIngl@bthb@J areofound &s Brghly, R. L. Jr. and
cqll ecting skin sanples and assaying mtochondri al

Smithy}e- bk B0 Tar Bagid Ao EaRnGInG by hpwiroadal s@irathin gel electrophoresis,
Nucle@q\%lag grjc]QQ904{ 2P PRR ? 'od!e?ﬂk% gﬂ]%%ea ﬂf\%‘ sequencmg

able nown tion

by ca151ﬂhﬂy<gﬁ$élebtyolﬂi®'ﬁslsisf Me#tidde Enefmal. R1&r15a- mgll“ﬁ@c@ﬁbihb@use of PCR
m tochondri al genone, and_may include sequencing

and sqqyenGing eEANA la|de§@ib@ql@ HgRaqod, Rnghal: il A9 ﬁ@awgtes efﬂrdautomated

seaneiRE g SpSse Bk BBnCPCIE BodlRl 95 gl o 02 ana
Tanaki¥eMd. ¥’Oailk19%0&?1)0mdt¢d<§t‘qmaﬁ;1ng"ﬁﬂrh@NAfMéthdd§ Eﬁiynﬁtﬂ Mne 407-421.

presence of nutations in the ntDNA can be sel ected
fromsuitable techni ques known to those skilled in the

Melai¥chriint Pke%mmlﬁ&%ﬂ%ﬁ}gf nt DNA can conpri se

sequencl ng yi ng mt DNA by PCR,

The nidtanobertin, 1 dogptdrds o ke éaitei poﬁoiﬂ lhelﬂﬁgeﬁésl’ls #ldodetermines the
hybri di zati ons, denaturing HPLC bridization to
amougf ot PEEREIE peCUsRHatNgA the skite @V@hﬁhsfss uhpigEent determingedhe degree
AL
o an ERBLEH oS00 L v L GOGL TEIY Bl O bl LG G

susce;ttcbﬂS@qu ENCA dainhgcdanst byal Vi H‘#kpb’ﬁ;te bed assed risRifast @k akdoyiated
IS arrpllfled by PCR prior to sequencing. The
with S.l?m %éaerof\s esh, pealyaing the B0 praniRe agid seqisacaelthp dMelanocortin 1

Recep?/@r (?}l)?% e??/ }r‘gﬁ%ﬁﬁffg’?%ﬂ?g g@#@&nﬁﬁsdwﬁ%h %Pene%'socw%gg with

increased sun sensitivity and susceptibility to UVR damage, provides a valuable tool for
identify individuals at greater risk for disease and who may be in need of more aggressive

monitoring and treatment measures.

The methods of the present invention couple non-invasive skin collecting techniques with an
assay for MC1R genotyping. DNA or RNA extracted from skin samples may be used to
identify one or more MCIR variant alleles. For example, the seven allele variants D84E,
R142H, R151C, R160H, D294H, V60L, and V92M associated with increased melanoma risk
may be tested simultaneously. Alternatively, MC1IR genotyping for the five allelic variants
most commonly associated with increased risk of skin cancer, i.e. D84E, R151C, D294H,
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products can be sequenced directly or cloned into a

vector which is then placed into a bacterial host.
wex@apkesss of DNA sequenci ng net hods are found PE@I/CA2008/001801

Brumey, R L. Jr. and Smith, L.M, 1991, Rapid DNA

 VOOL ST P erdianc e RIC B el i uing vepiegtsy s sghfprn in

SEQ IR/&QK)‘?S.; 1) adWitiorS theAMC1RIVRA dehyikhcs RegefodpiNAn SEQUENNIONG.

capi Il lary gel electrophoresis, Methods Enzynol .
218: 154-172. The conbi ned use of PCR and sequenci ng
of ntDNA is described in good . t al, 1992 .
The  piepcfite divenlion, %?fgﬁeat BV EGuén &?ﬁg)dof%ﬁuﬁgﬁnww the genetic
digbsigsh lof 4 HBRERI PHOoGNE tdamaBt A eahedrdetesprisdiod dodBinadd a non-
pre ls%r}aka, M et e{I , 1996, Aut o%ﬁt ed sequenci ng ggf mt DNA,
invasive skind® l1Estingrtethni@@4witll a7 agsay fonderinyingrthe prepeRecd smgror more

MO.R). Genotypi ng,The nel anocor.t,in 1 receptor is a key
M1 Stsis TRk PG SRR o ih o sep B Lot fhg niion, te
MC 1R "Riahts Ofesttll HE Rkleaed Uibth ath Ogrol doRSistidel Bf aelNERatifidt DS4E,
skin pignent determ nes the degree of an individual's

* R142HaRU5 KT, Rr6oie &208H, V60 sandi Viddnincacomranaeoyit another embodiment

genot ypi determ.n usceptihidity to DNA da e
of the gL R R B B0 e S S € el e Yo BB Cof TR o Do,
R1518SPOgARI@shIMabvOENY cancer. As such, evaluating the

DNA or ‘am no aci d sequence of the Mel anocortin 1

Receptor (M R) gene to identify whether certain

Exerpfit R E e S s RRRC Rt it Mot S ARRR R s G 1R
genot?ping LpaRbEdb@ B the PkamPReifoh. DMLY bl ah thealt WHllBPpeiciate that,
fisk for di sease and who may be in need of npre

unlikatigrdetestioreo fmHN Amwtgtiensdwhich anayefhictuntedoough therhigtime of an

thods of t resent invent -l nvasi ve

e e i.on | .
individi egpriaf R e RASE IR et BomME JR depRpiie will not
chan%ﬁﬂl%gpwgn i NAIRA1 A £ IotAREIO IMTIRMEK bily B Adk@Sor®8 Yuring

1
e uséd to identify one or nore MJ R variant alleles.
the lifetmeexfarpetient, if kedesnedn al | el e vari ants D84E, R 42H,
R 51C, R . 60H, D294H, V60L, and V92M associated with
i ncreased nel anoma ri sk nmay be tested sinultaneously.

Genoflphiify £484ys\%8EY as thbdeRiso® A leyBiuhd BE MOR Lhaitsi BproBuce
variants nost commonly associated wth increased risk

identiohl rekilts i am tglividual ecganties of Rhidutody zoeHs s@ples amibie sequence
of thim%’e ?ﬁeigﬂgrg?é %ugcr &(Ees In%b gha'h/ga %rgfg%%m (i)n% Ih%'e%nll’]eq An individual
skilled in the art would recognize that though the sample can be acquired from the non-
invasive collection method for skin it may also be collected from any other body tissue to
obtain the same genotype. Collection of suitable tissues for use in the methods of the
invention would be well understood in the art and may include such nonlimiting examples as.
buccal tissue, muscle tissue, nerver tissue and the like. The same is not true for the
mitochondrial assays which are tissue-specific somatic mutations. Thus, in accordance with
one embodiment of the invention, there is provided a method comprising collecting a tissue
sample from a subject, wherein the tissue sample is other than a skin sample. In accordance
with another embodiment of the invention, there is provided a method comprises collecting a

tissue from a subject, wherein the tissue is a buccal sample.
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SEQID NGO 3. In addition, the MJR RNA sequence is
set forth in SEQID NO 4. The present invention,
wao bepeiasse, provides a nethod for determ ni ng BEECA2008/001801
genetic predisposition of an individual to skin damage
or cancer conprising conbining a non invasive skin
collecting technique with an assay for identifying the
Extraddio® ©E NIEA 6f REPEf6 A hpdMabiRby ahdeaaksn iisingagkiuitable known
sanple. In accordance with one enbodi nent of the
methodnReteetianof sppeifipaiietesmpy hadefempisedusing sicharideseapized dphniques
he cons I n ic variants DB4E, RI142H,
aSABiQF él%gfy%‘ %ﬁﬁ%%%&g {%lﬁ{sg;'and V92M | n accordance
(https WintdduaRR@bplesdbarbaeiniesth/2bfen! 8y direstd Nt ikowise f hethdld 63X preparmg

vari ants tested are selected fromthe group consis ng
custorofzecbemmersmndwzbes preow¢l] knagin in the art (e Mor E&%?@JF&?“F“ el, S al,
ds fo i [ anpl es and
Curre P s i MR B Pl B SR e e et
section. One of Skl|| inthe art wll appreC|ate t hat,
unli ke the detection of ntDNA nutations, which, my
Altenfaltludb’udteée Yﬂﬁﬂ@h@ﬁe&’sﬁ’éﬂﬂ mixbs hscdpn valpAmE hel@aInoZgidsequence

ot g P g A RGP R R A A LGB
the art éﬂd&naﬁﬁﬁﬁfd@l 18 E}klamﬂ‘l@ Iﬁ?gmpe)tfdmllaﬁcetl&midashremamgc@h@l HPLG).

the lifetinme of a patient, if so desired. CGenotyping
assays such as those used for evaluating the MJR

vari apks M J,cal results in an
Dete’f”ﬁ’gf?%?&ﬁawp? ‘e"é‘g?l ?eg‘gkl}éw i'ch body tissue is sanples
Not 085 dahehSRethonsss taé idveatiddbige neadssssianhindividaal fanthegoesnce of

not change throughout ones lifetine. An individua
allehcsmnan@dbmtnn@mscabq utylizgr do Aetermeias 2 skinfiere thids ah aﬁmemaﬁon of

a UL_I- Y/
e FRATRE R 8 AT PP R 50% ADMBNE YCIR gqnonpin
addltlfohﬂ[f) @Hb)(?vs%hﬁé gbaghngd éfSadieidualsditb apetifihskis aypes charactenzed by
geno . Collection of suitable tissues for use in

the aﬂsh@ tﬁéﬂﬁ}éﬂgcéncethe i nventi on woul d be well under st ood

in the art and may include such nonlimting exanpl es

as buccal tissue, nuscle tissue, nerver tissue and the
Theségm@typ’éb@resﬁﬂﬁedﬁelmt true for the mtochondrial

assays which are tissue-specific somatic nutations.

Thus, in accordance with

Skin Type 1 is characterized in that the individual has two or more of the four allelic variants

most associated with risk of skin cancer.

Skin Type 2 is characterized in that the individual has one of the four allelic variants most

associated with risk of skin cancer. -

Skin Type 3 or higher is characterized in that the individual has none of the four allelic

variants most associated with risk of skin cancer.

Thus, in accordance with one embodiment, there is provided a method of identifying an

individual’s skin type and skin cancer risk factor on the basis of MC1R genotyping.
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one enbodi nent of the invention, there is provided a
nmet hod conprising collecting a tissue sanple froma

WG adpmeds3s wherein the tissue sanple i s other thernCca2008/001801
skin sanple. In accordance w th another enbodi nent of
the invention, there is provided a nethod conprises
collecting a tissue froma subject, wherein the tissue
is a buccal sanple.Extraction of DNA or RNA from a

Ab"”ﬂggﬁ%glg%é¥32gug%g%% pec] |€gaﬁrglzglhgglgeknomn

The pi@§dn€ iVeigsh pioivitgs ﬁdi@lbnanxtasrvemgnmnmﬂlyUMmeqecémms of
ABFs a gPCR Tagnan SNP genotypi ng a

collcieg s symen s SEapPnEany 68 i ik PR a8y preesnt
1nvent§(ﬁ1d x\gfe Nirg inVIBLD 1%)?6[{9 0 t’ﬁf)?qué e§ ﬂ?a? QUL %jtﬁé IJef&fFRion of one

s’are wel nown art (see,
or mof-@(laj?@k ef thAukinbBat,dr& ligtle or rﬁdﬂdsom N oBFhmmmg Iesamp\les of non-invasive
Mol ecul ar Blology John Wl ey. & Sons, gwé
or mimmely-rapive tgehnigresysed e GoH R ing B RAS lﬁ%ly Uy ogt limited
to, tapg[é]%t éﬁ(%% @{gﬂ&g ta@g e§t@1‘ﬂer§ e?\%egﬁé GRS %aﬁﬁeﬁc&ﬁldv@téﬁle swab

Ing am no acl anal YSI'S

‘wette@iveth \@&dtilled dem S@0stripeottbe tiprstvapdraping ofiskinuding £ sierile surgical

exanpl e, high performance |iquid chro

blade,(scrap@g ofskinesingr WeOdsRiSArapSp étl%ﬂc?uﬁﬁ%% @?lgarésg%ﬁh‘)’/ed%ﬂﬁk(gﬂps‘lmm
Clean—tga Pa%nA¥ctﬁl%g ﬁ%‘]{' Egg)? I\fﬁ% Xﬁmrhgnh%?ec‘“ﬁlﬁ{jﬁBﬁ LCM

ess an |n iV nce 0]
Macr&@dpT™a (A foturds) andeyhpidyEog §embil ghugkeiéedle (fve erampla e Sagamilge )y to
~ type that is an approximation of the Fitzpatrick
collegh aeretopprs abSKinfissyendi vi dual . In this regard, the
results of MJ R genotyping additionally alloms for the
groupi ng of individuals into specific skin types
The s&hpleatdyetd atlectey flohetha demel at egidérnsk ldyer oftthaslin and reyde
skin types are defined bel ow Skin T)i pe 1.is
deriveshfzoma stiely agascpfithe bordstast 106 cxaraples the heelHaase 4 IRBeT SFmpngAr emouth,
of th v t h
sealp Sl ot SBb ARGk sy o iR ncBE 300 Bhr Mk Thq Stople
can bé hgedi ontievdieisdly akhabtaimeé fioi thbeodroeior folllowinigca piaFtreatlnGnt to modify
nost associated with risk of skin cancer. Skin Type 3

the ck@racmr 9k 81 Sampish s e Flsig ARISCRBDE PHRETees] RETIRLGH &

examp tﬁfpretsle?l%a{n(?e%r re@!gén% L&d the like.

One skilled in the art will understand that more than one sampling technique may be
émployed at a single time. Furthermore, where a course of collections are required, for
example; for the monitoring of a skin state over time, the same or different techniques may be
used alone or together throughout the test period. In this regard, skin collections may be taken

once only, or at regular intervals such as biweekly or monthly.

One of skill will also appreciate that certain collection methods yield extremely low levels of
nucleic acids (apprbximately 0.1ng) which would not be useful for an assay targeting nuclear
DNA; however, mitochondrial DNA targets that are in much greater abundance

(approximately 1000 fold greater) would be uniquely suited to a collection method with such

extremely low yields. The examples below show that skin cells collected via the non-
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variants nost associated with risk of skin cancer

Thus, in accordance with one enbodi nent, there is
w@e@viotaes a net hod of identifying an indivi duaPCBHCaki08/001801

type and skin cancer risk factor on the basis of MOR

. enot ypj Non-i nvasi ve Met hqds
imvas R R TR el B P Ganit P OR BYBvietER g o oRtining results
compBBlel t5 WADIN oBiaindH Qia‘"{ﬁerlMudlﬁ \4§e’ii' skfh dotlebii ieSo@logies.

col l ecting skin sanpl'es for genotyping or diagnosiic

tests. In the context of the present invention,

i AR B R of P 0B S e BRI et

non-ifitdstve &Héct%@&hkﬂqh% i inPSlved Bedse NoNstbiiRistvaBGuch as those used
exanpl es of non-invasive or mnimally-invasive

in thetcoblneticud duoesd gelfsar ce‘@qm-ép SWARS. sﬂi%t@dﬁ”@st isirebvedlefrom its

peckele fids fbgt Bk ER f o B0 R RO R S b
approiﬁﬁ&emtﬂtﬁﬂes%bfdeg t&éﬂsﬁe&ﬁaﬂ@du‘?ﬁmeﬂ@?&nﬁkf bf’shtﬁégllts%fe collected

i p swap, scraping of skin using a sterile surgical
for g@pﬁf@@g aychiagniosliy BAPEKS. mlﬂ@ug@ the pmdémvwmpe descgbubhe;}ow

B TN I AT T ERT NG T

the dﬁ@ﬂis%%rkhbﬂ&tt%ﬁ%ﬁoh@%ﬂ@@eo@ﬁé b%xﬁa‘éﬁfettki h%%vlﬁ&qadlatlon and

enpl oying a snall gauge needl e (for exanpl e,
the idgafifigayion pomutitioat esspdiated theseveigh.of skin ti ssue The
- sanple may be collected fromthe dermal or epidernal
| ayer of the skin and may be derived from such areas
Follo®ing e s@%’d&nga& thé GKinEka WE@IS deB6sift@8hto a@$Ae nibBN Ql'uffer may be
arm ear, nouth, scalp, chest, shoulder, buttoc
addedstadhe tubaee neqq:aqaey mford‘tréo mediiaintbmhtegnidy of th ganhtlc'ﬁmerlal (i.e.

DNAT RGO RTINS i 0 Bt st inbel Setme{pofhe the art

character of the sanple. Thus, the skin sanpl e can be
pre-treated prior to use, for exanple, wth
In ancpih@rs@mbmhmvréyf theepaesent inyvenion, 2 hsnimakly mx@age $¢dhhiqae| wihich
re t

' empl(gyé cahvrﬁr}é Hgalb],ﬁylg,s éxe%cﬂ,ﬁ ?%{/j%rdgagaug 5 H@q otcp t Bne cells "o the

purpdsél bt BEIHB ifestiAgbe B BRI IRhert OlkhEEdIs ARSc Mebted from the dermis
required, for exanple, for the monitoring of a skin

and epidemmeis of & subjeetby pidieing threugly a nfefldayen of theckini mub, ﬁlatrhgﬂe or no

' blood]b1§ d%'laﬁyeng bﬁ l agxgl}ecagsrcg{)ag et he %f[ c{} #@‘mﬁ,ﬁy {;j(rel%lg]%gde 1 adhered to the

inner core of the needle. The skin may be tented by raising the skin using, for example,

fingers, tweezers, or other forms of clamp. The skin material is contained in the needle until

it is extracted for further processing (ie. DNA extraction). To expreés the skin sample from

the needle, phosphate buffered saline is deposited into the column of the needle and then
forced through with the plunger into a sterile tube. DNA ié extracted utilizing well known
methods in the art. As illustrated by example below, this minimally invasive method for the
collection of a skin sample yields sufficient DNA or mtDNA for the assessment of DNA or
mtDNA damage, for example, caused by UV radiation. As with the previous embodiment,
this method of obtaining skin samples is safe and painless. Further, as illustrated below,

allows for sufficient DNA or mtDNA to be collected for conducting accurate assays.
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once only, or at regular intervals such as biweekly or
mont hly. One of skill will also appreciate that
w@eowaias3xol | ecti on nmethods yield extrenely | oRCT/€x2108/001801
of nucleic acids (approximately O Ing) which would not
be useful for an assay targeting nucl ear DNA; however,
m tochondrial DNA targets that are in nuch greater
DiagifRHEANE MR ISKiR Sthits hAA D el thhgdG et RiskHHctbrd Associated
uni quely suited to a collection nethod with such
with Biseasenel y | ow yi el ds. The exanpl es bel ow show t hat
skin cells collected via the noninvasi ve net hods of
the present invention provide sufficient ntDNA for
As deS&{RIdHeRtn, tBS #Hshys Fiataiion rhay he ddhanak fon jl@to assess
_ previously used skin collection nethodol ogies. Wth .
skin stai¢ er geneHC tisk, 9p dredmbingtnio ¢valyste bath gengtenpredispositiproieekin

 .__enbad] here. i i ded iy i Llecti.
diseagi P P CaNIEd] Ty e e st BAERNAT s dusfr ifevte.
© As diSd#8Eedas]dv 95Ei dUsERtatibn hREmeRHraa 4fAResefadiots 6AY infdkthst in the

or cotton-tip swabs. The sterile swab is renoved from
determinatipm ok efggctige areyentativaanddpabnend nykbmesigamsp/ VR damage,
hou}niereat“ Pregerab!y, the site is swabbed
P 3%?%3? ﬁEPé?§ 5 tines in order to ensure that a

sufficient nunber of skin cells are collected for

genotypi ng or diagnostic purposes. Although the
Diaghds@seiid \MoniesngPhin Stadescri bed bel ow with reference to

a specific example, the nmethod may al so be used to
Manycipdvidualsswho useeskit esse pedueth sueli asgvpsdresng and sunblocks regularly use

e sEREACH SRR, R SERSFone DBl RRRLOCH Sl o e

reconfifdérilel] OMgerad§ Ogre@tnpd a t faRE e3inéd of FRbleOdnN ghat Nain SNEAD b Nkcreased
of the skin, the swab is deposited into a sterile

expoquihd0 UB(Rf elfurtheymere. nefdemorcorachtly, \yascaeens aoésyablpcksregularly

oL 857 i B DE AR et ARk e pgpemain
effec®if TAGS &t Bilell ke EdiBhinabdntkdigated e tadsmi cfbes 8F UVA Fadiation.
anot her enbodi nent of the present invention, a

mnimally invasive techni que which enpl oys a very

S I e d| . r . gauge). i sed. to. cal Lect.. .
Thes FRlors ARVRE plBFS oot Ble o ATRRE 0 Sott0 B i Pl i stom
state WhithSre ¥BO@I PRt danfkst Bnd ahlovgR ok lof sfudidsf mentdrtBe success and

derm s and epiderms of a subject by piercing through

approgriptenessdf Pegreptave mpzsusiiand shasepieseng 4dvised topreent further UVR
damag!a Neoh %é ig.r %Surg tth(iQ 140 ()g%%qga%%xﬁ%(ﬁﬁp %A %fele%grrlsn% thaensqdn of a

pidernal tissue Ps adhere |
patient by non-invasively collecting skin samples at regular intervals such as biweekly or

monthly (or any other suitable interval) can provide health care professionals with a real-

- time, quantitative monitoring tool to compare against treatment recommendations to

determine their effectiveness in preventing skin damage caused by UVR. This collection
methodology permits regula:r‘ sampling without any side effect or discomfort and can be
performed at home, if desired. Surprisingly, techniques for collecting skin samples such as
swabbing are uniquely suited to the detection of mtDNA mutations, as the extremely low

yields of DNA provided by swabbing are suffice for undertaking such analysis.
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i nner core of the needle. The skin may be tented by
rai sing the skin using, for exanple, fingers,

wo weenessy or other forns of clanp. The skin nmeCECA2108/001801
is contained in the needle until it is extracted for

s SO05T yRLSEEPR R GH e P Al g

collecs &tih B€lld for dﬁrqmanﬁﬁiﬁum bobiloharieed asscigitd Wid dagrde easediby UV
then forced through with the plunger intg a sterile

radiatiopgee Frgmon! %%ﬁnealc,fw@éy (kg mptilpﬁ gf e oresppigipentiensgdisedito
collectrtngﬁ? %*Pleéﬁ)r 't&l,slnﬂ tﬁgﬁ{ feglogy Pg%@pﬁféﬁ% Hﬁt:ogl\ﬁ’%ndﬁ'llal %?noaneéﬁ?nﬁely the

y |nvaS| Ion
3895 bbb Aydeddtibm di:skfrfbedlabme OIYR exampleldNGwE diat tslt’iﬁ cells collected via
assessnent of DNA or nt.DNA damage, for_ exanp caused

the noélyinwl‘f%m?t&?qi Bhthe Reesgpitipvanign pfwiﬁ‘é @gff@i?@émt%frﬂ for phfatning
[ S.
esu L UKL SRS, B En R
DNA or thNA to be collected for conducting accurate
assays D| agnosi ng and_ Moni torérhgaSkl n States and

One ¢icprdy Hethe _rRmalk undenstsp dbe |n9péavwweh00ﬂie§t@as ef DNA
sample @&ﬁc{ﬂebgﬁd Bl g déljﬁﬁll 31§1¥50 X ¥ SofOhuhE il tqggntﬁ?c\étlon of a

e ‘used al or ‘exa ssess sKin s

mitocetiial DNAS karge@ rprbmdes)r&omaﬁs dor hoheaWhl ¢tpé ewdth to monitor the
genetic predisposition to skin di sease and
effecti\@é?ﬁsmff |t@ame@h regfmes aid 1#fg&ttﬂ@rrscm@t&aa%ﬁfwlwprawmwn of UVR

aSSOCiIaE%I I ' I C&%Maﬁg wl rt%% anIt %(ﬂrﬁ]g ﬁ?ﬁ{eé&ﬁgcﬁ“%ﬁor S ﬁlgtoaglng

,andﬂhﬁmamhant in the detern1nat|on of effective

preventati ve and treatnment neasures agai nst UVR
damage, photoaging and skin di sease. D agnosing and

One olyt?)%l}l @1 \%ﬂ dlso %ﬁ)&&:?atmut l%éf‘/ %ﬁ%‘[@ anéﬂgls Y5fusd lByrheal‘[h care

rep 0 UCtS sucri"as sunscre

provxddiglllﬂl addnyifisg pbbe st ashitt & ineffeanerpritectidi hieﬂﬂ)db OSuch utility is
apply themin sufficient quantity or_to reapply at the -

demon%@&ﬁf@@@ml%@ avhieas accopdingia ong eanboailrg@lt% ﬁlseemwntwn the results
a c o e
of s ch Ieﬁ g%ém) 9{2156 faﬁ%%s{elﬁlqg%\foeglrcﬁ&dﬂa% 516&’?13% %%eagnﬁgﬁq %)ne ltjvasse:ss the
effectbun&ls @f ken progdtiad tegirappl | ed by |nd|V|duaIs during sun
exposure generally protected agai nst the nutagenizing
effects of UVB, but failed to contain agents directed

‘Deter%‘nc}r}?&% Ob}ﬁrhgrfo%e effects of UVA radiation.

An additional diagnostic method of the invention that makes use of a minimally invasive
sampling procedure coupled with the identification of a mitochondrial marker is the
determination of photoage. As described in the Example section, the purpose of this method
is to evaluate an individual’s UVR exposure by sampling the individual’s skin tissue on the
face or head using a minimally invasive skin collecting technique and measuring the amount
ofa mitochohdrial target associated with UVR damage such as mtDNA deletion. This result
is then compared against a database of results achieved by the same method and the
individual is classified into an age cohort based upon the level of mtDNA deletion detected.

For assignment of a photoage, the results of an individual’s mtDNA analysis is compared
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These factors anobng others necessitate the

availability of a tool to determne both initial skin
waee@bme46883 h respect to UVR danage and, throughP@I/Cagnse1801

of studies, nonitor the success and appropri at eness of

. preventative neasures and t. dvi sed t.o
againd] e OrqIP Bl o CHURBGE If B Ve igrer N QSN pagiotinaage than
other 1n@%8duad inThdipshondrp al DNA deletions in the skin of a
patient by non-invasively collecting skin sanples at

regul ar. intervals such as biweekly or nonthly (or any

o S SR T e RE B TS s e o

analydi®BF tnﬁfdcﬁ&hdrﬁp IDNA HANRA! BeABARS brdviRAMMHentify an individual’s
recomrendati ons to determine their effectiveness in

Photomeemtdewl wheithem geeitc abeteagehis OMRistafti o mbnmttmtothh their

chron{ER( Sh i BEMR, Lo Bhe BPGLT Pl i a8 P ar
profes‘gﬁ)ihlrs 26 mose! ﬁwrbﬁﬂﬁglg%restcﬁﬁ@ ﬁfe%’ﬁﬁtnfeoe[ndct%altrﬁ&{t'rﬂ&s&ﬂéé fb combat
anpl es such ‘as swabbing are uniquely suited to th

’ photoagn@,dﬂVBrdamangMn diseasti ons, as the extrenely | ow

yi el ds of DNA provi ded by swabbi ng are suffice for
under t aki ng such anal ysis. Turning now to the exanples,

Dete;MWzﬁé‘@eﬁM‘eHﬁﬁ&sn%n foSisaayention the nethod is used
to collect skin cells for the quantification of

In ordet tmiullyevsluatssoandivisthalis tikk dbphrgengiegisaldthbiy risk/ of skin cancer it is

. di at EXx le 1 i ficall t 't hod
imperp it Bk BB R, G Dol paboRTI IR pmessble t

underbt@fid tHAL 'c&%rfuﬁfcaﬂ:e kl?éh' gﬁﬁeﬂt% LR R thQCM%ﬁbﬁl of MCIR
genone, nanely the 3 nt DNA del etion descri b

genotyiiog @ot Jilg cenm’vptes e Ianmdmldaal’smsmpmbilits tec OIN A cdamdge/ taused by

UVRE??E%I’&EBZ@AQ[E@? X‘ t hOd Eq: %ql"]nec {lgi%r?ﬂgmfls Pagga}l%@e tool to identify

patlerffc’é3 Wi’tﬁr ?x@!ﬂ:@r tSk R¥Hd %‘e% ‘u‘ﬁ%ﬁ ﬂ{'n@e@ ro?‘fh&b’sagg {ive momtormg and
i on nmet hodol ogi es ordi nary
treatnmtnmmﬂulresunder stand that the non I nvasi ve coI I ectl on
of DNA sanples fromthe epidermal or dermal |ayers of
human skin for quantification of a mitochondrial DNA.
The pr@efeinvRitR HERf e TRAdes! PhoRilaalE Ble@lﬂfdefo\“@lﬁé‘@(gllécﬂon of DNA
nmonitor the effectiveness of treatnent regines and
samples fard(1B gesctypmgn datacanrdarico witthenepmehoehrnéndrof ahe ldvBhtion, DNA
with the intent to

xS B By ORI A L LS 0t ity

one of &¥r&hllele variants associated with increased melanoma risk. The method may be
used to assess an individual for the presence of these variants and to additionally determine a
skin type of the individual. The results of MCIR genotyping therefore allows for the

grouping of individuals into specific skin types characterized by the associated risk for

cancer.

Coupled Analysis .
The combined use of MCIR genotyping and mtDNA analysis provides a tool for health care
professionals to momtor advise and better treat patients by considering both genet1c

predisposition and the end results of their sun hfestyle habits. This combined use of assays
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One of ordinary skill will also appreciate the utility
of mt DNA anal ysis for use by health care providers in
WO d@pidsgd ng poor sun habits or ineffective prECECA2W®8001801
nmet hods. Such utility is denonstrated in Exanpl e 6,
- Whe ohekt.ng .t | t.af [ '
provid{el By o, SmBRETHICIRE il Fblafe of SR 5 Consequences.
Importandly\thel MC ER @dst &lakiHeaempo@llanemskddnfrémnepdatedagspswiththe non-
effectiveness of sun prote%Lion regi mes. Determ natjon

invasiye pplicap TARDNY it BR aRd Hilabhbisdiie tademods giscrssed above, this is
posNILAOR. LB IRA R AER S0 BV L INAS R gt
individuatistlife hangh itled DNe\r dasiiage Setebeeladdgedrbn atenamingfmitochondrial DNA

.phot oage. As descri,? d in the Exanple section, the
deletlmwﬂgﬁactaﬁe@ﬁﬁéeSHﬁto VR exposuis\pafteiife an i ndi vi dual ' s

UVR exposure by sanpling the individual's skin tissue

on the face or head using a minimally invasive skin

 Notevaothiyeis ileg ficecthal gkie dmhgreesised 1ty VR asoumtultifactorial process.

m tochondrial target associated with damage such

. at e L h UVR dam >
Accordingly, phgerget b pyHnedihal andadividupswith dYjCABigrptg will always have
. i t fo. | i ..
highef GERES? Uyl BURAGAFlnHEpl A o8 RE Wt By 3R TRaividual who
reports abular hmsaderpenwilhaedessadily bivenfolAda@bgd than one who reports no
detecte For, assi gnnment. of a phot gage, .the results. o .
SUNSCECRN | U5g | HFalthes Com Ognhé[@gi genoypis e the tilgAnanalysis provides
j 0 [ t L, ne 1§ the v .
healt] e RO O B S S Pfabe B0l rore informed
reconiniidati@geo tiose n thétware. by utilizing mnimally invasive
techni ques to collect m<cro-cores of skin tissue for
anal ysis of mtochondrial DNA markers, health care
0V | i ' il Wi 's phot oage and
BB bR SRt AEDh o S UL YLl C ot stent or
The metisinsfith¢ prebempintventitreinay allo baabaigioe afidedpi@ad skin screening for both

.Deteym nati on of photoage there provi des a neans for
medlqgﬁ%a HPSEEPRIIGRIGTERSFD nglpesm@t@oﬁeg é‘ieé’ﬁ?f%tﬁﬂ’%lﬂ@wnay be used for
ceno SR SRARE R YA A LA TEASH K308 ot on
melardeteeskini cvinoey d6dmedlaronk) e Thes pbitityt focisesothdil SRASEDNA ddrblee in an
indivitgﬁehltstJ s:lglg%/ ﬁiuec%./tg lgﬁ\? %;ﬁ%%nlﬁrt] g&{ygg %lpin% pé(li ?rgmognygggetrr?a? %aqgmical

location provides the foundation for a unique and informative screening test for skin health

and to assess the safety and efficacy of existing and new therapeutic agents, skin care
products and skin care regimes. Furthermore, by identifying the specific genetic changes
underlying a subject’s skin disease or state, it may be readily determined whether and to what

extent a patient will respond to a particular therapeutic agent, skin care product or regime.

Kits
The collection materials used in the method of the present invention may be packaged,
depending on the desired application, into a consumer kit or a medical kit to be usedina

clinical environment. Such kits could not only include one or more sampling means, such as
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i nperative that health care providers are provided

wWith as much information as possible to understand and
weewniseat e their patient's risk factors. ThePCT/CA2008/001801

utilization of MJR genotyping not only contributes to

..an individual's susceptibili to damage .caused b
serile RO EBHRRHE SYTRF GRS PHbOLFODR GRS R Frocan S e iR andlor
the id@HtINEERSoPMNRTNREdROl to identify patients with

greater risk who are potentially in need of nore

aggressive nonitoring and treatnment neasures. The

sent. i nyentjan_t herefore ovi des. a,.non-i.nvasive .
The ki RGP B BB B b b RSP iy et as
bufferd S5ant, YRtddfon tedg@is Ahd ARAG&eNOier @BRpSHERRd buthNks baffetshad
i nvention, DNA extracted fromcells collected by the

solutipnst fhpthedsolativa apdios énatnient el feslirsample, bwyadsedétincluded in the kit.
identi one or nore. allele.variants.assqci.ated with

One of P ke 2REp RS R R ekt Bk ¥ Dt 25 B8 gty s

compA§sS@asentkuitisle YordHatechMititktltd JTRSKOFIEIMd doRfoBents.
variants and to additionally determne a skin type of

the individual. The results of MJ R genotypi ng

her ef |]. f he. [ i ndi vi dual s i
Wherg (e 4 HEF B0 chafirdeditRoatsdls mionka bl dod gleds
compbnepls thefa&iBR&She pﬁég,uﬁkieﬂ HONdle)&dt Santhle. TIREE REH al4s %Ipﬁf)nally

MJ R genott)épl ng and nt DNA anal ysis provides a tool for

includedngtrustions for pseo hbinhimayabesprovides it paper foahirde camnpluter-readable
better t.reat Lent.s consi dering both genetic

form,&;c@ua[s %%ﬁ’ﬁDoﬁﬁalhé’rh?éﬁ%nd results of their sun
lifestyle habits. This conbi ned use of assaysprovides

a unique ability to simltaneously assess risk factors
To gaisa heitdr uvadersionding wé theaisvertiopalesaibet yeteirg theCfollomang exrmyples are

be t ral |y, renoved. fyromrepeated t.esti,ng, Wi,th the .
set oG 1 WO, et i, 3G SRR Feabienia i derry ustrative
embodigRAts of th@BeeMion \endirs GEEHRMIBD RY Bmitlthé Scdps oP @xSinkRion in any

because the informati on obtained fromthe MJ R test .

way. wi | | not change throughout an individual's |ife though
t he DNA damage | evel s el uci dated by neasuring
m tochondrial DNA deletion wll fluctuate as a result
of UVR exposure patter ngxAMPERS'thy is the fact that
ski n damage caused by UVR is a nmultifactorial process.

Example 1: Analysis of 3895 bp human mtDNA deletion
The method of the present invention was used to analyze the 3895 bp mtDNA deletion

identified in PCT application no.WO/06/111029. Collection and extraction of the mtDNA

was conducted as provided below.
1. Skin samples were collected by swabbing a skin site approximately 15 times with a
sterile swab. Skin samples were collected from heel (n=41), nose (n= 43), inner arm (n= 20),

ear (n=5), shoulder (n=5), buttock (n= 5), and back (n=5).

2. mtDNA was extracted using a commercially available kit (QiaAMP™ DNA Micro
Kit, product no. 56304, Qiagen, Maryland USA) according to the manufacturer’s protocol.
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Accordingly, it cannot be assuned that an individual

wth MJR variants will always have hi gher damage than
w@poovgisss dual wi thout, nor will it be the caseCT/ar008m001801

i ndi vi dual who reports regular sunscreen use wl |

necessarily have | ower damage than one who reports no

sunscreen use. Thus, the coupling of MJR genotyping

3. Wiidublg TMAIRTBNASHSs cﬁlaﬁﬁﬁé@ﬁsﬁ@ﬂﬂetﬂs DAL Q&@ﬁtkl@%dm& HS

t he uni que |n3|ght t require to nmake nore inforned
Assay Kidpiedhefaor Q328le InMog@_em alifosiia USdy) on tyQubiat™ dnowineter

Crod R B AP YAl <o bo used for

wi despread skin screening for both nedical and

cosmeceut i cal ggrposes The met hod of the present
4. i ribedevedaf thay SBebp delgtisrowayban ayaitifigd dxd¢adtimeoP (R 48tHGER)

wsing S OB R ASTORLAL M BBl SRISERCS! D) nc
the folloS@ssprifiers! evel of DNA damage in an individual's Skl n

due to WV radiation at any tine point and from any
external anatomical |ocation provides the foundation

Forwidl) £ e e AR A TR R SRR P Fo Rt Qo MO
ReveR¥i St i @-WGM&B@@R@G@GGWG@GTGA@Iﬁ (SEQ ID NO: 6).
products and skin care regines. Furthernore,

identifying the specific genetic changesvunderlylng a

-.subj egt' s skin. di or .state ma readily.
In thif $phefit. che ik B AR R0 bRt uiel 1 ko B4 ERE g
indicAtR@RPKE presedcddf thé 389 Fbp ddISHAD EHel f6rva8 BHmes B{Jerﬂaﬁé‘ﬁ ‘§phced
product or regine. Klts The coll ection material s use

region pf mHaNdeafiso delefion ¢icthe B8¥ebn sqqnmtha@nccrmyd ie. a splice at a

...pack d I t
posidBREGRER st EREPAT R B wl s o580 AR g Bl
overl@ipiigd GBI creattcle Korkset Giod bﬁpnﬁéaﬁaﬁlpyodda@w%wa&u? if the 3895
~ nore sanpling nmeans, such assteril e swabs, -cotton tip

bp seefigatis deletedeed| es, but other materials necessary for
genotypi ng and/or the identification of ntDNA
mutations. The kits can optionally include reagents

In the’ hi Relnfi QiR 8IS Bp &’él@e%oﬁfe'M-PER%actﬁﬂ%s%& L up as follows:
buffers, salts, detection reagents, and the lik

QtlRénl ebighSyherireen Supshmad™buf f ers and
350nmol forward primer (SEQ ID NO: 5);

350nmol reverse primer (SEQ ID NO: 6);
Sul of template (approximately 0.5ng dsDNA);

water to 25ul;

Cycling parameters: »
Step 1. 95°C for 3 minutes;
Step 2. 95°C for 30 seconds;
Step 3. 67.5°C for 30 seconds;
Step 4. 72°C for 30 seconds; |
Step 5. Plate Read
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solutions for the isolation and/or treatnment of a test

sanple, may also be included in the kit. One or nore
wo@Rowhessonponents of the kit may be | yophili sedI/anazhos/001801

the kit may further conprise reagents suitable for the

reconstitution o X g g:§ed conmponents. Were
appropri at e, the F¥ ??a‘%?o contain reaction

vessel s, nixing VR#SH GuRedsqll DET raaMpeReRtSsebhiads at 1°C
faC|I|tate t he preparatlon of the test sanple. The kit
may al so opti onalmﬁgl’Viiﬁcl ude instructions for use,

whi ch may be pro or in

comput er - r eadabl g ngérir%]bggg%ﬂ%;nsl{ng{e isc, CD, DVD or the
like. To gain a better understanding of the i nvention
descri bed herein, the follow ng exanples are set

The results of these agsay atseshowaén E tg@m li g arﬁ:&m@n%@@ clear disténction

beﬁvelaﬂ%}gﬁg%ghst t%h%ﬂe c%rg'ag & ' ég%d\fo Slfn 1%5%’[1%1{5 g% n}eel and
buttodk§ParidiedRtisslly dxpd YiosefanANgh Ese@@amh@mgs 18tFonar
. ofe)easl’i895 bp Shur%‘anp Dl\%@dgsleet i on The met hod of l{ﬁr}? °
SIgmfmetéseﬂ@vat«rd/mw@ mearigng s bigheolewgl off {Aeradipsiog goeh agghe nose and

shouldFs Wi S5l S0 e BB R R M ch g the et and

the butloBEINA was conduct ed as provi ded bel ow. 1. Skin sanples
were col |l ected by swabbing a skin site approximtely
15 times with a sterile svvab Skin sanples were

col | e ted fro
As sh<()wn in, 1)gureé &r F@;E}Oe)rea(l tll,t]% y%lg ﬁlréS;ﬁOI(%g%:{f)o%ﬁ ﬂten3 8@5 @p
deletigm thdacdchbtthera)is a Righéit 1Mm%f ehel detiofGn bigh BBestusually (nose or
conmer ci al IK avai |l abl e kit &/gaAI\/P tm DNA Mcro Kit,
ear) Opﬁw@@nalbb(s @é@f@wr beykageposedia Vaadiatmnyorapared i1 thgse sifes that
are ra el rranu @ct urre? " ﬂgg ot ocol . 3. Doubl e stranded DNA was
ﬁLPén’EROfS J PHEHS- DNA Quant-it(tn) dsDNA HS
Assay Kit (product no ®B2851, Invitrogen, California

: é@gn t he %blt Fl uor omet er (product no.
Flgur@z ethat mPNAsgBectedhpinfshiniedls gs;ﬁynedirommaes |t}@at@re yspally

expossg:gg %ES) l ge tn'ogenorV\éaa%) g‘eecrﬁaga%%ﬁ%ec{ 1’33? ICIIICIb sé evels ofnla‘le 3895
bp deletion marker than mtDNA collected from skin cells obtained from sites rarely exposed

to UV radiation (e.g. heel or inner arm).

These results also show the effectiveness of collecting skin samples in accordance with the
present invention, in order to obtain sufficient mtDNA to conduct the assays. As such, the
non-invasive skin collection methods of the present invention are similarly effective for
obtaining mtDNA for analysis as invasive methodologies, for example, the methods used in
the Applicant’s PCT publication no.WO/06/111029.

Example 2: Comparison of Skin Collection Methods
Five different non-invasive skin collection methodologies were tested in order to identify
which, if any, would yield sufficient quantity and quality of nucleic acids for molecular

analyses such as quantitative real-time PCR. The five methods tested were:
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DNA : DNA Purity
concentration 260:280
Sample ID ng/uL © A260nm Ratio
1 biore -0.42 -0;.008 0.48
-| 1 swab with water 5.03 0.101 1.6
1 swab with mandelic acid 5.05 0.101 1.74
1 surgical tape 222 0.044 4.4
1 wax ' 3.52 0.07 1.69
2 biore _ -0.02 0] -0.09

using the i Q Sybr G een Superm x(tm (product no.
170-8882, Bio-Rad, California USA) and the follow ng
w@eioamwias3s For ward 5' - CTGCTAACCCCATACCCCGAAAAT (IATEE 52008/001801
~ (SEQ ID NO 5); Reverse '
5! - GAAGGATTATGGATGCGGTTGCTTGCGTGAG -3' (SEQ ID NGO 6).
| hepehftdsmesvigieal tahfe pair of anplification primers are
u ﬁ[gPl [ .a target region indicative of the
pgg)gee(%%g 0 etS{t%p?BSQS bp deletion. The forward primer
oYRfilcambavardivagoi % egindaliodcidit DNA after del etion of
the 3895 bp sequence has occurred (ie. a splice at a
pSestitd ovabbeetted evithedistilladdvaiaraandf t he nt DNA genone) .
Therefore, extension of the overlapping priner to
cMeXtSH R-ne correct size anplification product can only
occur if the 3895 bp section is deleted. In the step
of quantifying the 3895 bp deletion, the RT-PCR
The tapelafetBiore s asdtvaxi pripsvdro hprdied to . sGrfhceod! theyldy frllowing the

oS ReRRer e SRl Lo verd grL e (60,12 Mn
o SRR AL S ot 402 o

cither 3% Rafddleracal) osdistilimiswat&t and tBen BiBb&DMilyron3iie sex siteief interest
4. 720C for 30 seconds; Step 5. Plate Read45
iy FagoRey

Step

after the glfin dad peay depged A BAFOP#Ae 55-1 100C readi ng
every 3 seconds at 1C intervals

Folléwing the collection of skin cells from 3 individuals each collection medium was

depositéd into 200ul phosphate buffered saline solution (PBS) and incubated overnight at
56°C. '

All of the samples were then subjected to nucleic acid extraction using the Qiagen’s

QiaAMP™ DNA Mini Kit , buccal swab protocol (product no. 51304). The purified

~ samples were quantified using the NanoDrop™ ND-1 000 Spectrophotometer to determine if

the extraction procedure was successful.

Table 1: Determination of Quantity of DNA Extracted from Skin Collected by Five Non-

invasive Methods
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Hol d at 10C for 10 m nutes. The results of these
assays are shown in Figures 1 to 3 and denonstrate a

W@ bk@an4adsst i ncti on bet ween skin swabs taken frpor/aanzm@s/001801
rarely exposed to sunllght/UV radiation (ie. heel and

hut t aeclka) na ba ya d

6€EKS)—aht t+hose—ustd Y €XPOS S8 IIOS(}‘|9 _
zswagﬁ’ftglwaﬁ_’ével s of fhe 389? i del et ?g# are_signifijcantly

2swa€kvﬁﬂﬂiaﬁdiehbac1ar eas recei VI4I99 a hi ghes8 | evel ofl.8Q\

{ tion-such—as—the ngg@ ant—shogt der—whencgrpar ed
ZQHQ%i%W%aS general ||y protéct’ed from radi ati oh quch as

5 waxt N€ neel and the buttockzsn As showo43 h Fi gur @841 and
2, the real tinmel!PCR cycle thresholdsl{(CPH—far—the

LN J T T T

3mﬂ3895 bp- del eti on i ndi cat®8 hat t @8 {s a hi

3swabwrﬂh Ige of the deretTgpgd N SKINoet €S usuallyy |(nose
ar) or occasionally (shoul der ar_hack) pynn ed to

3 swalethadmdﬂliC@midcorrpar ed t &thpse si 0d84{hat ard2ddrely

~ 4k 1 5\ — 5
et—(heet—or thuttocks s [ Frygur g dg $TOWS g |mt DNA
3“”%%#ﬁgcted fromskin cel IS optained fromsites that are

3wausual |y exposed tjo UV radéati on (6.093 nose ord.2Bar s)

arecharacterized—byi+nereasedtevets—ofthe—3895 bp
del eti on marker than nmt DNA collected fromskin cells

When?gﬁﬁﬂé}ﬁ% 1{0&19%&&& 68id %@ﬁ&waﬁaip&sﬁal 1anbMufi§dratd @ple, the

Inner arm. These results al So show t he
most @hbieehi resulesssere hckieteddot uhn gwsk samslesyiegseither aveteo otimandelic
with the present invent in order to obtain

acid ag g MeftEIZAFENt PINA Vs SEOR Ct the assays. As such, the
non-i nvasi ve skin collection nmethods of the present
invention are simlarly effective for obtaining ntDNA

Next, h®CRawas pat@ned ohnllasmpkes tredid'tcmtuh@g‘ iapplifitatrondrbibibrs, were

preser:{gﬁw?%‘g:ggts@%&%guér& p@%@l %ﬁqeg gﬁrl ugll'gk%%}ng r§21mple=s
were #ﬁﬁe%dcg&d?@ E?%:‘aﬁoﬁb% IhhgogRt non-invasive skin
cof I ection

odol ogi es were tested in order to
identify which, if any, woul d yield sufficient
ucl ei ¢ acids for nol ecul ar

uantity and
T able%naﬁ%@@”déﬂ@ﬁ %gﬂ%{ﬁ {IfG¥™ eal -ti me PCR The five

Reag&ﬁl tous tested wWere: Tapel i [ Fidaf Colcaiti-Aidntin RékBon
10X reaction Buffer , 1X

dN TPs ' | 0.4 mM each

BSA . ' 1X

12s primer (forward) 0.4 uM

12s pﬁmer (reverse) ' 0.4 uM

Taq LA (Takara p/n RR002B 1.25 Units

Template 5 ul (of above concentration)
Water To 25ul

The primers used were mitochondrial DNA primers having the sequences. provided below:

125 primer sequence forward 5’-CGTTCCAGTGAGTTCACCCTC-3’ (SEQIDNO: 7)

12s primer sequence reverse R 5’-CACTCTTTACGCCGGCTTCTATT-3’ (SEQ ID NO: 8)
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Bi ore(r) adhesive strip; Sterile swab wetted with 8%
mandelic acid; Sterile swab wetted with distilled
wowrieniesahd Wax strip. The tapelift, Biore strp@r/anehos/o01801
wax strip were applied to the surface of the skin
3 - follow ng the application of 70% i sopropanol to
sterilize the area. Firmpressure was applied and then
The athpkfi¢aipa redctishy Wirewgeled enavdBdAdiginel Tetrad iBicsRad)acudting to the
first de{)osi ted in a sterile solution of either 8%
followipgprotqceliaci d, or distilled water and then rubbed
18l e skin site of interest after the skin had
L 94bgefﬁ?%/ ear%ée% with 70% i sopropanol. Foll ow ng the
2. 94€0Ifberl secoondsf skin cells from 3 individual s each
llection di um was deposited into 200ul phosphate -
103. 64%§fff)re3(é§f°§ S ne sol ution (PBS) and incubated overni ght
of the sanples were then subjected to
4 -726;{3{?% c eé:tg#& extraction using the Q agen's Q aAVP(tm
Rephift dp3i2-KB9 timebuccal swab protocol (product no.
O513@4513. The purified sanples were quantified using the
KR op(tm ND- 1000 Spectrophotonmeter to determ ne
if the extraction procedure was successful. Table 1:
Determ nation of Quantity of DNA Extracted from Skin
15 Amplifehtiecpredudty wetevhel\eloctrophvesed en MR Vhaxdsddhenl and stained with
...consideri bot h .nucl ei c _aci d- concentrati on as Il as
ethidiymebromider y hgpmp M%%l,ltswrﬁwﬁg EoFigHEs b pheredbe faphal of
the gelBfRaigShi €ved for the swab sanpl es using either water
or mandelic acid as a wetting agent, or the wax
sanpl es: Next, a PCR was perfornmed on all sanples to

vane § e | OnCalfRisuaigh ermreganpl o nad obcurred
20 Lo SORSELRERIAIAY, Serm oo ver e a1 ed aceording o
Lane S&mab evithnpétef fraatlhdinidual 1
Lane 4 Swab with mandelic acid from Individual 1
Lane 5 Surgical tape from Individual 1
Lane 6 Wax from Individual 1
25 = Lane 7 Biore from Individual 2
Lane 8 Swab with water from Individual 2
Lane 9 Swab with mandelic acid from Individual 2
Lane 10 Surgical tape from Individual 2
Lane 11 Wax from Individual 2
30 Lane 12 empty ‘
Lane 13 Negative amplification control
Lane 14 Positive amplification control

Lanes 15-18 empty

35  And where the bottom half of the gel contains:

Lane 1 Biore from Individual 3

27



10

15

20

25

30

35

The prinmers used were m tochondrial DNA prinmers having
t he sequences provi ded bel ow. 12s prinmer sequence
WO orwara3s’ - CGTTCCAGTGAGITCACCCTC- S (SEQ | D NEXT/CA22801801
primer sequence reverse R
5' - CACTCTTTACGCCGCCTTCTATT-S' (SEQ ID NO 8)5 The

anplification reactions were cycled on a DNA Engi ne
Lane 27%vataitly Biatsr fom) Indedd#diPng to the fol | owi ng protocol :

40C for (2. N : or 30 seconds 103. 64C
Lane31ilso 2813. %g%ggéécqfwgg%lﬁ%ly%g]%econds 5. Repeat steps
Lane 4%3tgid8l thpdRSmandi¢GaHOLD 15 Anplification products

were then el ectrophoresed on a 2% agarose gel and
Lane SsWak iomn diAded i di um broni de. The anplification

| t |.d ' ' , Where the t hal f
Lo RN RN B, 0ers L Lop e

Lane 7R3 &tfadcendmtitasontd0 Lane 2 Biore from I ndividual 1
Lane 3 Swab wth water from.Individual 1 Lane 4 Swab
Lane &8 wpb With detsrexHastaceaBincPAE? i dual 1 Lane 5 Surgi cal

Lane Efgﬁ/gb %t@.%dn‘&glirié’ éc‘w?%tﬁ;c/ %r%glv@cyfﬁfblf rom | ndividual 1 25

i'ore from 2 Lane 8 Swab with water

Lane f0 Surpicaltae ehtakt Reghtinec@tBhab wi th mandelic acid from
I ndi vidual 2 Lane 10 Surgical tape fromIndividual 2

Lane 11 Wax extract negative control

Lane 12 empty

Lane 13 Negative amplification control (duplicate loading to Lane 13 above)

Lane 14 Positive amplification control (duplicate loading to Lane 14 above)

Lane 15-18 empty

‘Results

No mtDNA was amplified from mtDNA collected from skin cells harvested using the Biore
strips. The 4swabs for both the watef and the mandelic acid amplified, though the Weifer swab
amplified more brightly. The surgical tape amplified sporadically. The wax amplified
brightly however the extract negative control in Lane 11 of the bottom half of the gel was
contaminated likely as a result of the non-sterile nature or handling difficulties associated

with the wax.

With all factors considered this example demonstrated that the use of a sterile swab is the
preferred method of collection of a non-invasive skin sample. The swab can be dry or wetted

with various liquids to facilitate collection or buffering of the sample.

- Example 3: Comparison of Additional Skin Collection Methods

In this example five additional methods for the non-invasive collection of skin samples were
tested in order to identify which, if any, would yield sufficient quantity and quality of nucleic

acids for molecular analyses such as quantitative real-time PCR.
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Lane 11 Wax from I ndividual 2 30 Lane 12 enpty Lane 13
Negative anplification control Lane 14 Positive

wa@epbioidsaat i on control Lanes 15-18 enpty 35 AnPCTHIa2®8/001801
t he botton1ha|f of the gel contains: Lane 1 Biore from

rrom 1 e <SSt et ot PR Vot iBimghpocs
c%glﬂg&@mﬁaﬂﬁg&g@melmlw%@b 3. Lane 5 Wax from
I ndi'vidual 3 Lane 6 500ng | OObp GeneRul er SMD323

( SezapiegoBkin Lsimpa WoBiler rapet r act negati ve control Lane

%t%“ﬁ??m%%f‘q Fan A AP RO FEOBRERAMLEN 10

¥oy! ve .control Lane 11 Wax
n?gr% Ia\@/?ét% V{}?g@&%e 12 enpty Lane 13
’\B@@éd f{1en ﬁfHﬂ']l@MQ\’:Iha@(Ia ewndsplupl i cate | oading to

Lane 13 above) Lane 14 Positive anplification control
(duplicate |loading to Lane 14 above) Lane 15-18 enpty

Resul 0 t
The S S SR PRS0 ot UL MR Yo ThEbBlen scraper
and th%\é@lkgscai Blfad@%ft palgdihey ontdhd $ien BERdehd fendie@kin cells and then
fied, though the water swab anplified nore

cleposmr.rw'gcl3 gk 2 gentrifuge sibegiTha |ad1mp/@ rafend filnagiwersarresspd firmly against the

skin Wlﬁmout ru)r()bancl) Iccgl ec(fl skin cells.

The multiple collections were processed using two different nucleic acid extraction methods.
The first set was extracted using a proteinase K digestion as is well known in the art while the

second set was extracted using the QiaAMP DNA Mini Kit (Qiagen 51304)..

The samples processed with the Qiagen kit were then quantified using the NanoDrop ND-
1000 Spectrophotometer. Those in the PK digestion set were not as they were not cleaned up

enough to facilitate this type of quantification.

Table 3: Determination of Quantity of DNA Extracted from Skin Collected by Further
Collection Methods (Qiagen extracted DNA)

DNA | DNA Parity
concentration 260:280

Sample ID | ng/uL A260pm Ratio
AE Buffer -1.09 ~ -0.022 1.6
Woodscrape 2.06 0.041]  0.95
Capsure 5.59 0.112 1.29
Blade 2.32 0.046 1.41
Blade -ve control 7 1.19 0.024 0.8
Capsure —-ve control 2.47 0.049 1.2
Woodscrape ~ve control 2.92 0.058 1.35
QIaGEN KIT -ve control 2.4 0.048 1.83
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brightly however the extract negative control in Lane
11 of the bottom half of the gel was contam nated
WO pdoeloysas a result of the non-steril e nature BPCT/CA2008/001801
handling difficulties associated with the wax. Wth
all factors considered this exanpl e denonstrated that
the use of a sterile swab is the preferred nethod of
Samphs vee€ mphifief acgordiny fonk@piowobfroRided ipéempld2. swab can
be dry or wetted with various liquids to facilitate
collection or buffering of the sanple. Exanple 3:

. o . heCL | . _
AmplifRIREE bAIo bt el LRI O 28 g ke oL AR ibdl with
ethidinaybromides i Redultodrt gledwioin Kipureld, whesnhé gd coktatnst est ed i n

r to entif]%?vvhich i.f any, would yield

q .
Lanei&f)glilg:i)%}dogalﬂ%?ﬁ? lor GSMOZ73A1 i ty of nucleic acids for
Lane g%%%ﬁm Agﬁ’ﬂﬁké{ﬁ)g&loﬁg&h as quantitative real-tine

roma“sing I'vidual , skin sanples were
Lane 8 ®Poki¢iot enhplificatienesntdg t he fol | om ng net hods: scraping

f in using a sterile surgical blade scraping of
Lanegﬁlﬁig{éqrﬁ@oog%agen scraper sticky surface of an

Lme?%ﬁ%ﬂ& s&f%cﬁﬁ tRasSWsid M C ean-up Pad, Arcturus)

rom MacroCap(tm (Arcturus) heated filmfrom
Lane b CM Wfterdpltergad( Ar ct urus) The skin was first

I red cleansing with a 70% i sopropanol w pe. The
Lane&xﬁﬁ@ﬁ%rﬁé%&apand the surgical blade were passed
Lane BIPRLYAS S tdy surface to renove skin cells and
amethen cfep\g\gfg%reggq%ﬁo a centrifuge tube. The adhesive

Lane paK bundlerfdodsciape acgaties setthaction cbptradgai nst t he skin
collect skin cells. The nmultiple

j ut_.rubbi ng t
Lane@@_ﬁ)%g‘a{ffes ﬁgrg_a,s@?@a F SEISNEEALG FHYAEUR IPfPer ent nucl ei c
Lane 3¢ ipf Sutkd- 26hs @R n@%&t&@%ﬁa&ﬁﬁ bhkst set was extracted

using a protelnas Igestion as is well known in the
Lane a2 PKuihiffee MdveoGapomgeti watx traetsorecontrab t ed usi ng t he

' M ni, Kit I agen 51304). The sanpl es
Lane S} %@g‘é@g%cf?ﬁ%ﬂﬁ?aé%%%wﬁeﬁr%}% CREAN quantified
Lane T@t{i%ﬂ?%ug@@&@(ﬁe sNBse 1000 Spectrophotoneter. Those
in the PK digestion set were not as they were not
Lane ¢ 5 €amsMPUPapSure pad ’ :
Lane 16 QiaAMP wood scrape
Lane 17 QiaAMP surgical blade scrape negative extraction control
Lane 18 QiaAMP CapSure pad negétive_ extraction control
Lane 19 QiaAMP wood scrape negative extraction control

Lane 20 QiaAMP reagent negeitive control
The surgical blade scrape and the MacroCap™ were amplified using the PK buffer, while the
CapSure™ pad amplified well using the QiaAMP™ kit. When compared to skin swabbing,
the amount of mtDNA collected and the amount of amplified product obtained using the

methods tested in this example were not found to be as effective.

Example 4: Collection of Skin Samples using Needle
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enough to facilitate this type of quantification.
Table 3. Determ nation of Quantity of DNA

wexiovaetsexif rom Skin Col | ected by Further Col | eRp€T/0A2008/001801
Met hods (Q agen extracted DNA)Saanes wer e anplified

Neeal R SRR 1 S RbRBrS s B S KA Er adeF STGH ubivigpals. The
body A& aGNiRIELDS)ebARE catlghe) BshaMflithe BRI BHndMuRY 1R8], de.
Results are shown in Fg‘ﬁre 5, where the gel contains:

Usinglaaiedle as desegibed a evmpmch(ﬁ@m@z@)i betegn 2he thumb and

l i at, trol ..Lane
fore B I3 A”%nw@s% sl e e B3F pes e Bt i, arawing
little draideblSodP Kk fre: @hﬁ@&trabie@‘fﬁmﬁﬁ{e@)@@dlé 8 defoshlhg phos hate
buffer CapSure pad Lane 7 PK buffer MacroCap Lane

buffergd salire iMadho cdpmnehthecedinand ther forsirizahe sasenle ﬁ@naqbe needle

| clhon g a uffe sur gj.cal

with {38 Yo § SRR DR lneb PRfocteh i b ke e
skin tissifef BingGap ewavmeg BINA MigXK 1 BC{QigfenGabdiceho LARE4)12 PK
buf fer MacroCap negative extraction control Lane 13 PK

buf fer MacroCap heat ed negative extraction control

e sh M L LT R e

reacnsm E@ddedns Rhadecls parapetenedattiy examplé detel R smYNAs ol edaife 1
8 Q aAMP CapSure pad negative extraction control Lane

PIOVIQG@ appuaNbewesolfs sremagrenied gmt phle 3ext racti on contr ol

Table 4: Results for Skin Samples collected via Needle

Cycle Cycle

, Threshold Threshold
Sample C(t) Sainp_le C(®)
Subject 1 left eyebrow 25.82 | Subject 6 left eyebrow 22.15
Subject 1 left earlobe 25.98 | Subject 6 left earlobe 19.87
Subject 1 neck 26.26 | Subject 6 neck 25.87
Subject 1 right hand 26.73 | Subject 6 right hand 2791
Subject 1 right heel 27.93 | Subject 7 left eyebrow 29.89
Subject 2 left eyebrow 30.85 | Subject 7 left earlobe 19.18
Subject 2 left earlobe 25.6 | Subject 7 neck 2549
Subject 2 neck 23.92 | Subject 7 right hand 23.41
‘Subject 2 right hand 27.01 | Subject 7 right heel 27.05
Subject 2 right heel 35.55 | Subject 8 left eyebrow 21.82
Subject 3 left eyebrow 29.64 | Subject 8 left earlobe 2132
Subject 3 left earlobe » 23.51 | Subject 8 neck 23.51
Subject 3 neck 24.52 | Subject 8 right hand 16.35
Subject 3 right hand 22.47 | Subject 8 right heel 20.57
Subject 4 left eyebrow - 24.23 | Subject 9 left eyebrow 25.09
Subject 4 left earlobe 23.64 | Subject 9 left earlobe 26.76
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Lane 20 Q aAMP reagent negative control The surgical
bl ade scrape and the MacroCap(tm) were anplified using

wa b@oPeskuf fer, while the CapSure(tn) pad anpl PET/€a2008/001801
wel | using the Q aAMP(tm) Kkit. When conpared to skin

cwywvahhi na  th anm IN_cnll act ad o
L4 s

—SWapB-Rg—t-Ae-—anpynt of—pBh -OT1TE€t ant—+he anount
S“bleﬁtf“%?ﬁibl ified pr odgg‘t%z éﬂlg’ieﬁggleﬁ%i ng the ms%%tds tested

Subject ¥ fight Bar@Xapl € Wer®3Ndubjfeawnikht nbe as ef tees | ve.
Exammle 4: Collectionlof Skin Samplesiusing

Subjexihihe Reskdl o5 wer @3u8aPubisCOighele! skin safb%s from 5

Subiddl § ROy SiTBg5qf 9 1 ndi vidual's| The body sites
uJincll uﬁgﬁt el eyebr ow, learl obe, nape of the npr‘{, hand,

Subjeghtllefieadobe Usj ng a 2468d| e as descri bed|above, the skin

- - I} 1 + " 1 . 1 . A )
Subﬁ\gﬁﬁﬁﬂblleu Tt e et weem the t hromo—and—for ef i nger

€ sanpl e collectar's hand. The needl e was| passed -
5

Subjechs oglghartdhe skin, 20dwi ng little or no bl ood. The skin -

WS A It ranct o a-naoacl-a—Wha

n
—safaphe S racted—Ffrom-the need-e J"IUEFJUSi [ ng
Subjeﬁﬁ%ﬁfgﬁg‘fe buf fered 2&8l]i ne into the colum of the

needl e and then forcing the sanple fromthe needl e
~with a plunger into a sterile tube. DNA was then
It is clest thatcthe thatarishebtaingd thspughethisnetlegtionmaethorbissiifiviant fyueolecular

a3 S0 g AR, e GRYY) B il PB4 GRSt e
3895 bPmitORMA ddidtidnNas B&FRRRedidd NG (iahefiddaR evitRAcddaACT 3.

conditions and cycle paraneters for this exanple were
Therefdre, thainellestion of skax savpitles via pheoveedle soBgrsipa m yielgls suf§icient

.are presented in. Table 3. Table 4: Resultsfor Skin
DNA%%HEE&%%*W&%@B&%? Needl elt is clear that the
mat eri al obtained through this collection nethod is

sufficient for nol ecul ar anal yses such as real-tine
ExanfpBRS: Betectidn ¢&MIGLR Vhasiantspl i fi cati on product

Buceq) denERS S T IGHER O Bir oy PO R BT i iR 4R outh withtap
or botliBg afeRhRd etfRBed Hel b Q0 cSonSIiaB ved Fth6Fedviiréin i Protective
needl e col |l ecti on net hod fll el ds sufficient DNA for use

packagingsand gsaspgd bf Thle Hniasdllzi ehilethoddipg éleélan?efédtei oo WALt
var i . we PR
cotton @R PSR BETRIET s PR ERLF RO RS RS gp g insice

of theRPE&’sTHr YRERbnANThE XPMslvede bhBed\Rls@irile AbEPAAORaRAASY further

was renmoved fromits protective
processing. -

Detection of specific alleles was determined using ABI’s a gPCR Tagman SNP genotyping‘
assay. Each subject was tested for the seven allele variants D84E, R142H, R151C, R160H,
D294H, V60L, and V92M.

- The genotypes for D84E, R142H, R151C, V60L, and V92M were identified using ABI

assays (https://products.appliédbiosystems.com/ab/en/U S/direct/) as follows:

V60L—-Assay #C751905410
D84E—Assay #C751905520
V92M-Assay #C203340520
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packagi ng and grasped by the handle. Wil e holding the
handl e of the cotton swab, the cotton tip was pl aced
wawndaobiosssshe subject's nouth and the cotton ti pP@EEA2008/001801
rubbed on the inside of the cheeks for 30 secopds, The
I in sterile tubes and seal ed for
R142$%?%§W9. Det ection of specific alleles was -
R1510eAsay#ae033494py ABFs a qPCR Tagman SNP genot ypi ng
assay. Each subject was tested for the seven allele
vari ants DB84E, R142H, R151C, R160H, D294H, V60L, and
Custoég%e p\}r\élrﬂzgs ngil ‘ﬁ’o ﬁs flﬁéd %@éﬁBW%;%% fSOBImGS&E%cqu %k‘the%ﬂ-l
allele ¢hltidnpss: / / pr oduct s. appl i edbi osyst ens. com ab/ en/ US/ di rec
~t/) as follows: V60L-Assay #Cr751905410 D84E- Assay
#C751905520 V92M Assay #C203340520R142H Assav ;
Fom A R T o SRR R OO IBa™S the
ReversePemtt MC 1¥-29h G ERDEGHGUA £GSOGTAGATS SEBADARO 16 | mer

' CCCCCTCATCATCTGCAATG SEO I D NO 9 Rever se
Probep MGAR A4V B84, Cott T EOEr A PR NG N

ProbelRARE ﬂ%ﬁkéﬁé@%ﬁfﬁ@w IEEQ D

NGO 12. The reactions conditions used for aII assays
were as autlln he Custom Tagman(tm

The rqgcfions,fonagonsy éoq:% t%%%yawererﬁ%mit@m%bﬂ the Cé$t@mv1%¥\qmﬁfM SNP

w@ﬁt using a Sac Il digest. Primers were
Genou egf%&}ig%?&%l a target region of DNA in the MCIR

gene. The anplification product was then subjected to

1 4 of th Fi gure
The R?é&'algﬂ Vgh%%f*’édﬁ?gdeéapﬂége SaHebicwsbs @@grsé ere used to amplify a

target region of DNA in the MCIR gene. The amplification product was then subjected to a
Séc IT digest. Lanes 1 to 4 of the gel (see Figure 12) show the results for the three tested
subjects and the control sample. All four of these samples were homozygbte wildtype. The
size of thé amplification product indicative of a homozygote wildtype for this allelic site is
436 bp, which after SAC II digestion yields a product of 327 bp. In homozygote variants no

digestion occurs and so all the PCR amplification product remains at a size of 436 bp.

The results of the tests are shown in Figures 6 to 12. Two tests were run for each 1nd1v1dua1
and a control sample was also tested-twice. The control sample genotype was a heterozygote
for V60L, homozygote variant for V92M and wildtype for the remaining alleles. The first
individual tested was determined to have Type 3 skin (no MCIR variants found). The second
individual tested was determined to have Type 3 skin (no MC1R variants found). The third
individual tested was detenﬁined to have Type 2 skin (homozygote for variants V60L and
R151C and heterozygote for R142H).
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subjects and the control sanmple. Al four of these
sanpl es were honozygote wildtype. The size of the
w@pgbioidsaat i on product indicative of a honpzygP@ECA2008/001801
wi | dtype for this allelic site is 436 bp, which after
Itis cl%?i‘qfhluj ’£h<gj b%?&fak gﬁagﬁle& ltlg&é?l ﬂsoc%ﬂgétio%fméﬁgd E%uff{c@eqt [for MC IR
onobzygote varrants no gestion occurs and so all the
genot{ihy. afcifidatisy the bolfcaioh of DNeTSinfsestia eheshuceal @ivah 3611dapion
The results of the tests are shown in Figures 6 to 12.
method yaeldpsticigat ANAJRT piringa@ssay Rdilvs Biedi | and a control
sanple was also tested twice. The control sanple
genotype was a heterozygote for V60L, honbzygote
Examypde 6:adhalysis of/i2NLfievdivendss by Sendcpéent Reginesai ni ng
alleles. The first individual tested was determ ned to
Backgygy ‘Type 3 skin (no MO R variants found). The second

i :adjpui e e ' p [
v {890, 8 SV WL U P, BELR e o
overexymsuad éfvrhaecccuaethahe Tigpeendy akd severioneizarabea iosften used as a

variants V60L and R151C and heter oz_¥got e for R142H) .1t
measyrg of pycsess; Hzan inflvidpat’ e sumprogistian habits NHewgers hisnow known that

et t ' N f ty Qi
VASEAESAEL O RSO ML S4Bk IBEBERELA fcn
sunbldulks cantaimed hgand diestddon bieekingdJVAe I Thsis 8 @édnatib éndredddwhereby an

. .. for use in an.assay of this kind. Exanple 6:. Analysis
indivigyal iFIEEUPEEETn, WRb BRSNS e bieh apainttihs cnihanyr Bidueing effects

VB i r .
of UV bl ot s iféfielcth CHore MSI Bl cCRNBEAE! P BRI paye gtherwise
to theomutagemring Eififectt rof I AC yAn metlisidusrinttiisasituation el dedf-report that

often used as a neasure of success of_ an individual's

they usgRupCEIBE ePdA Dealth £3e Preyiksrarould miptakenbviascassihal Rgasures were
o . h i <
being Llf%}{té |an:8 ?}ef%:\éeﬁlttj Iy t E%tn&%!uﬂg%?glens a%?@gﬁb %%@st bg 0 rlﬂfn%étgd from
UVA agénltinatily eskecbuld sthl ckdrnighVA. Thus a scenario is '
creat ed whereby an individual using sunscreen was
protecting thensel ves agai nst the erythenma inducing
A f : ria Vv . "
ol Bl R B R0 MR P aleon
in thetepilermis @agBeitad with elcbrat svabdf at tholarAmteivathi sutlel sebiwieskly bk saonthly
situation woul d, sel f%eport_ that they use sunscreens

can pravifie AeREararh DRSOV EY A dedl-Ciksu ABPTHIVA RRATIPTIRE S30d &0 compare
againdt ARL{BRRILLESWBEfons to determine their effectiveness in preventing skin -

damage caused by UVR.

This collection methodology permits regular sampling without any side effect or discomfort.

The swab yields extremely low levels of nucleic acids (approximately 0.1ng) which would

not be useful for an assay targeting nuclear DNA however mitochondrial DNA targets such
as the 3895bp deletion are in much greater abundance (approximately 1000 fold greater) and

are uniquely suited to a collection method with such extremely low yields.

Study:
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bei ng taken to prevent UVR damage when in fact the
patient was not being protected from UVA and

w@bkdovretsed y ri sks could still be very high. ASPCHCARM®E/001801
out in Exanple 1, neasuring the |evel of the 3895bp

he ofipRTADRNA BhiclORR R i b A Pahun BBy

proted@ﬂo%@éﬂhdﬂs% démrishrhied G RhddfeoMisdsT the ahditidaalk ef ﬁﬁﬁMt Qg{ﬁqd skin
th a real-tinme, quantitative nonitoring too

tone. é’@ﬁﬁé 282 dighnatgise sunserepsrat al é@@h?@ﬁ@%&% rvsed %ma@rﬁ@wmffﬁ:éuvely
Their g&%{ﬁ\?&%fazfﬁgé re\ﬁ%{gtﬁﬁ% beﬂax%l? pilfknP ﬁfhzg/ e ré:xe}u %ljy a 10 fold

S CoT1ect I on et odo ogy” perm

.greate$ qnﬁiﬂﬁﬁ of tet38056p duldtiodiifdicaidoadbh Riveld losmm ﬂiﬁlageTiB@n UVR

yi el ds_extrenel | ow | evel s of nucleic acids

eXPOSP%?db%RWW@f ety (vohermgy Ghdigferapeeisceanbralepbtoasky folld digferenge in

s QRS L08R M-PREISTE LU B hoRARRE ok P
assocﬁfeﬁ%kﬁfda@’mge GREEDLL ARl d@l\@ldﬁt 10098 qsqieqietﬁhezahﬁed with the
and are uniquely suited to a collection nethod w

non-irNgeive sweb ephiaciion inebld teldgmonsiraielihat Rationt 202 ﬁwg élfﬁai@t DNA
| d t
el 20, SELKB AR BT, o 5, e

results of two individuals of simlar age -and skin
tone. Patient 202 did not use sunscreens at all while
TablepaPatient &‘Qﬁleu@édel%mrééiﬁsUKRMGgVel y. Their levels
of dan gct this behaviour with Patignt 202
hawnwlggr imatelyla 10 fold greater quantity of the

3895b§ el etion indic¢ating hjgh |evels of EMféiﬁR}?@ge
Cct

from UVR exposure than Patient 225 (where &
PATHNT en dalstions eq‘kﬁ}Eal §EK to pHaw f o Bkidi fferf’ém@@retmuse

Af

target—gtant+ty)—TFhough—phepotypes these—two

i ndi viidual s indicatejthat rigk for ssoci ated skin
dampge woubd igd si sl ataor efpinRl eMbyovihe (3895
del etilon coupldd with the noh-invasive swab collection
is ablije to dengnst e that Patient{R@BRtis [at greater

raf .
ri pres y 0 behayjoural} di.fferenges such
asiganscregg%gs quaﬁf‘ﬁ‘i"’él%?: EFP&’V‘}S gelg? Mdl ¥Svari ant s
—and Nt DNA Deretion 10 Predict Effecti VENEssS of Sum
Care Regi nes -

Example 7: Analysis of MC1R Variants and mtDNA Deletion to Predict Effectiveness of

Sun Care Regimes

The combined utility of monitoring both the DNA damage with the UVR associated 3895
biomarker as a proxy for estimating the effectiveness of sun care regimes, as well as the
determination of MCIR variant status is demonstrated below where two patients ha\}ing
similar age, skin colour, and sunscreen use have different levels of DNA damage presumably
as a byproduct of different MC1R genotypes. Patient 3.00 has no variants associated with an
increased susceptibility to the damaging effects of UVR on the skin while Patient 303 has one
variant at amino acid position 92. Even though phenotypically the patients are very similar

and would score similarly on the Fitzpatrick phototype scale (Type 3) the increased
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vgener%}} Sy fprerenisd pERELt

The conbined utility of nonitoring both the DNA damage
with the UVR associ ated 3895 bi omarker as a proxy for
wesipoatsshg t he ef fecti veness of sun care regi PEFCAAB8/001801
well as the determination of MCIR variant status is
3 S t san '
suscerd BRI, {oBeEEy B S Rier 1 DEDRA St D2 04 IR B Bbing the

MCI1R eatédns thah iDHA pdaemgﬁt}muesumxbll Y Tadifferehyeisagpokimndtely 3 fold
different M R genotypes. Patient 300 has no variants

- differeneg Hriasget QUAMEN- an i ncreased susceptibility to the

damagi ng effects of UVR on the skin while Patient 303
‘has one variant at am no acid position 92. Even though
Table ph€onipypitivaldnylysines M{IILRemlsame end en PN Dalbiéan fandwoRaltidnts

score-simlarlv o Eitzn r i ok nhnf Q_'L\IDQ scale
\CTR Vafrian Ammo‘l cld Posft‘B’ . L] N
(Type 3)I the 1 ncreasedsy LL|I VI§ reflected in a

3 {619 greater I9vel of DNA dafrage| i n thle Pat]i ent| Effective
hay?8&Pt he MR yarilant | thgn i h the patijent wiSKRgutse of
PATIENT\h deteion | €T 8dli| BF £A43rC161 | 4604 R%¢ DAGETRSRX| y [3Hafro||Jone | sunscreens
s ffereence |In target quantor{t yg | Fapfeeas: | €iehpanat|l ve

YIS ol [ WL Var(Taa1C e ograaT DY ERLET B OTonE
Patt+ents pteviousty—discussed;—skin—darage——cadsed

ny WR is a nmultifactorial process and, accordingly,
As pﬂe{uoﬁﬁ?ndl&c@&da?s@‘ﬂ%ié%aémﬁéﬂ iRl L@'a ‘ﬁhﬂ@faé@rlﬁ process and,

variants will always have hi gher damage than an
accordingllyy 1tonaanotvbet dsowrned that apvihdividpalbeith MC HRiyeriadiatwithalways have

i, Ao R S B TS B Pl g i
report§ YBSHACRMsHEG: udeoRN ARatieR& et IWQIef 8§r§1§ge°ﬂh9ﬂ logle v&lﬂ)ereports no

health care provider with the insight thhey require
sunscreai eisevo Conibmfing these t‘mtﬁmmrdmle mlmshctadthtdmsaomdet Weuhrthe insight

0 tvvotabl trate this point
they e g ihka e TP RREA R orneatlinte tn Bbisut T Sener al | v
equal ly represented across the DNA damage spectrum
Tabl es 7A & 7B: Conparison of MJ R Variance to Level
The f@ifovmg\t\mtmg:e illustra®.thig peinPas indivtiduald with mariangs arsirwishan ere
Pat i nts wi t h one hW ous varlant in v60, v80,
agfetP ants or one
hono variant in v60, v80, and/or v92

Tables 74 & 7B: Co;hparison of MCIR Variance to Level of DNA Damage
A. |

% of % of
population population
with without
variants variants |
low dam'age v 30 70
average damage 37 63
high damage 44 58

B.
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>0 v Patients with at |east one variant in v60, v80,

or v92 Low Low damage group; C(t) is one standard
wa@leavmdsah above popul ati on nean g + H gh AverBgECands8/001801

above damage group; C(t) is less than one standard

devi ati on above popul ati on nean 5 An exception is
observed in the next two tabl ansi deri |

1 &Y

%—I-
s _ i n8i catli ng
_ AvgMapratijof [0 Suscepfsl i lai ty

ariHantls caoupled—with-ak Ho—virstuattcugs
3 slflafr len off ?e aif. i atmcm%r ased °
TSk result in a consi stently hlgher | evel of damage
Pat{%]s\gtggor\;arg@ Tabl e 8: Conparison of MR v60 and v92

onev Patxf%s \%ntﬁ orteéeterozygagi. vanant @ 60, DM %mﬂg el 59 Pg g:: gdwp:_] 8 p\o/ 21: i gﬂ s

twov  Paligpipwit) MBRF 12 ‘ﬁ{sg% ht°rﬁ°"8rr'?5t ' éot ‘é(r) Snzdlobgus variant' in v60,
>0v Paﬁfgﬂw'thétﬁeaiﬁg‘z"a(%‘"ﬁoF”?—ft‘i’égﬁts with two het variants or.
one hono variant in v60, v80, and/or v92 >0 v Patients
" Low Lowwatnhge artoup| (émisvneswr%ﬁﬁiﬂ@wt’m@ R?MF%,’"%\?SO, or v92Low Low
wg + High  Avél@)B B 8bogidarokge grduf; IC}) id s thame@nesta@iprd eavigiothbove pdriialien reebiov e
5 popul ati on nean g + Hi gh Average and above damage
group; C(t) is less than one standard devi ati on above
An exPsitioh & tarved anthd nExta]mI tabl8s whlaeazﬂnsld&ng)bmlmgfaﬂmts not typically
Det er.m nat i on of Phot e An additional. tool gg 9
associpigt e th aeat sk ghepofipga b %q W&%‘is%a%@ﬁﬁﬂdr@%‘r%‘é ape 92, are

, QFink gat BieE eof
unde SEHBLASt VLTSRN ABEE i b B
combinhforsdd snsdeptbiliey ordattage hag esolt ohEH Iémrtanasscoupled with a lack of
ear| obe or nearth brow.ridge with a. 9( I
10 visualgaegyush @Qéﬁl@%\%@)re R PAICHYE REeRicE ! 6 ga ip gregmstently

hlghexsl%éitolfﬁgmag{éfc%f&@9 nucl eic acid extraction and

anount of a mtochondrial target
associ at ed with UVR

1niqu
nges as aoresulBt of 76

no

<

<

Table 8: Compai ison of MCIR v60 and v92 Variants to Level of DNA Damage

15 ' Pooled Proportion Tests Using Only v60 and v92

20 | 92 1| 29 112 0.06 0.05 0.32 0.27 0.27 0.20 243 | 002 | YES | YES |.

nov Patients with no variants .

onev Patients with one heterozygous variant in v60, v80, or v82

twov  Patients with two het variants or one homo variant in v60, v80, and/or v92
>0v Patients with at least one variant in v60, v80, or v2

37



damage such as the 3895bp del etion (see Exanple 1).
This result is then conpared agai nst a dat abase of

wo e®abies3and cl assified into an age cohort basedI/ap2008/001801
the |l evel of 3895bp del etion. The database is created

Low meyamga:é@§w (b(pgor%&%deeQQLr%&vQ&lea@%%Je% in multi pl €

clusters or neans for each I nterval

\vg + High Avaj-srgbg lam\é ago?eatjarﬁagg a’ouﬁ GYt)%qgss J‘é\ ohe@‘aﬁcﬁr\é Qév?tlox £b9Jl‘pﬁ>9|§§n rQeaE 0 80
5

10
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renDV| ng outl | ers, and correl ating the range of Ievel

ﬁ‘“? gor exanple, CT

Exam@i 332‘2‘*% Peg% Q@‘T%étﬁgi‘i{ﬂg@?x?gf?ﬁ th an age range

An ad@itioAd-t68l thgtanakes liseagfer mibiv@aliyemithdiee @frn;ﬂﬂglpmhe\iuﬂéwahplsd with a
test. woul d be then conpared against their

mltoclmdaﬁbme@% for thegairpese géeealmting U YR erBgsurmip orowidaslor by
sampl gl st ts mgeefa'&@ e%'iir%ﬁéh snt L YL ARl F 5 5} '[BQ |G f&% with a
% assSi gn em a pnot oage ase elr

small g@fg&hieedl&'@&gzﬁ@bﬁ ekpullingtht ablasesordrints suloi@s p&ﬁdSﬂ:hmg nucleic
collected from 289 individuals at both their earl obes

acid exfpstion 6 pleagsing theamerse! p mitochendsial raet éﬁoweﬁlgwm&VR
sama LRS! 1385090, MRt LA AL EhS LSSl afh chfredaganr

databde sﬁfdsblesdarﬂtwa/selﬁeﬂ o agag@&ohpelakédudoal the gel dﬂ3<89§op deletion.
gr oups havi ng a significant difference between them
h

The dgtpbage mc)reatml BGaHring S 8P thnedrigtion leveds lmé@witlﬁbs@ciw@@als in 5 year
e Y g R0 30 o S L 0 BRI TR oo

outhextshﬁﬁieco‘iiéldtmg dhd BAngd6f 18vd] ofB 89Bbptdeliﬁbﬁ l’vshth% 4ok @Ak Eor
spirit and scope of the invention. AU suc

eiamm@cﬂh velges bom 2é55 o mpyiserre T@awélh@n 288 IgRge @&3455@5 Yeaggiof age.
The 1*6:351(r:111(’5§p eteanf r W?Jus pr % glgg g%% ?;E %r@@ '&%ﬁ}lnvwlthe%nhron&ogmal age to

- deternbih@ MBS haveMRiHee O loWer HRStEdHhAde fithrt iBerSKdividshB i@ tRN%ge group,

genetic predisposition of a subject to UVR damage,

and asgignpbems iaphotopes based peéeintgswi ssue sanples from a
subject; (b) assaying a first skin sanple for
m t ochondri al DNA (m DNA) aberrations; (c) assaying a

To cre3@cBitciatdbase, SafBLaed AbreUdHeQ6d M@S@hﬂﬂﬂﬁ@l@ fat Poth their earlobes
rece&for (I\/CI R) variants; and d?\T determ ning the skin

and bropaidgean ds gbowen incFigvisdids fblomingRNGY extfaetlgumdeq;tanuﬁcaNR of the
level of the 3895bp deletion the database was constructed as described above with age
cohorts falling into 3 groups having a significant difference between them (p<0.01).

Although the invention has been described with reference to certain specific embodiments,
various modifications thereof will be apparent to those skilled in the art without departing
from the spirit and scope of the invention. All such modifications as would be apparent to one

skilled in the art are intended to be included within the scope of the following claims.
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damage based on the detection of the nt DNA aberrations
and MO R variant(s) in the skin sanples. 2. The nethod
w@booel#isas 1 wherein the aberration i s sel ect edPd¢T/OnetoRe01801
group consi sting of deletions, substitutions, and
j tions. 3. The nethod of claim2 wherein the
WEC!‘%é[s)ﬁ:ation is an ntDNA del etion. 4. The nethod of
claim3 wherein the deletion is a 3895 bp nt DNA
del etion_ between nucleic acids 546 to 4444 of the
1. nAoherngatironethod fordsterminingtheskingstale And genstic Bredisppditighef a
. e.MJ R variants are selected fromthe group
S“"”“ﬁ%’n@?t?%agSTCO%J%?’gMM H R 5/ C5R 60H, D294H, V60L,
aﬁgicMQ&thﬁssum@mﬁm foeh Hfubjgey, one of clainms 1-5

erein at |east the first tissue sanple is a skin
senpsseymgtadinedkinsamie for gafnchendiial PN A (RN habargations;
i pyasi ve skin coklecti ' ki Thes:
AR SRS AL BB npedBRulP LRGP )
St&fdntLasdvab, cotton tip swap, a small gauge needle to

col ect mcro-cores of skin tissue, or a conbination.
t i detsrmingng tha ekinstavoendagengliapied Bpowidoneofiihe Fbjegk inUVR

90 2 PSP AW B

saiRk@mpies.deri ved fromthe heel, nose, inner arm ear,
nmout h, scal p, chest, shoul der, buttock, back, face,
nape of the neck, hand, head, or a conbi nation

thereof,. 10.. s f f.h th of j [ s
2 pRBhTRtods kR Rt aiingl SlePlel bl B sraup copyisine of
deletidResi¥istitufiendrahdper@ibngl aim 1 for determning a

prophyl actic or therapeutic treatnent for preventing

or aneliorating photoagi ng, UVR danage or skin cancer.

1 A non-i-nvasive net hod .for .. itaor] haol.0agi ng,

3. ke MRS AR A FndiRh IS B TR hies BORKGROL 1O,
a skin sanple froma subject using a non-invasive skin
sanpl i ng .. i

4. The method of claim 3 wherein the deletion is a 3895 bp mtDNA deletion between

nucleic acids 546 to 4444 of the mtDNA genome.

5. The method of claim 1 wherein the one or more MCIR variants are selected from the

group consisting of D84E, R142H, R151C, R160H, D294H, V60L, and V92M.

6. The method of any one of claims 1-5 wherein at least the first tissue sample is a skin

sample obtained ﬁsing a non-invasive or minimally invasive skin collecting technique.
7. The method of claim 6 wherein the skin sample is collected using a Sterile swab,

cotton tip swap, a small gauge needle to collect micro-cores of skin tissue, or a combination

thereof.

8. The method of cléim 7 wherein the skin is collected from the dermal or epidermal

layer of the subject.
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techni que; (b) assaying the skin sanple for
m tochondrial DNA (nt DNA) aberrations at regul ar

WO pioeowEBs over a prescribed period of tine; apdr/Ca}008/001801
determ ning any changes in ntDNA aberration identified

r_the prescribed period.of tine.. 13 . The hed. of .
o oIl weABaREERE K keI i el ER etled SR AT b b, fner
arm, eh€ 61btH] Wealy, Bk sshalifded buwel, BNEX, Sacof napblef thbdecl NRnd, head, or a
met hod of claim 13 wherein said ultra |ow | evel s of

combipponi thergplout 0.1 ng of nucleic acid. 15. A nethod for
monitoring a subject's response to a preventative or
therapeutic treatnent for photoagi ng, UVR danage or

10. sWkéoftths aasitdd dfeMhi 1sfoR @ied{ctihg @hbtoeEh,NIVR dainagé oS KiiM disease.
sanple froma subject; (b) assaying the first skin
sanple for mtochondrial DNA (nt DNA) aberrations; (c)

11. aﬁ@?éagf i rrrtelﬂﬁodgc;f :cgat(i:rélgllt(%)? d%t%%%&ﬁ'xg{/agér?gt%%c?{c (og;ﬂ{e?apeutic treatment

anoco

for prefeh@iddrinfdiotdidig Phbidvaging] EVRdhnggeet kidn paw@dt.sposi tion
of the subject to UVR damage based on the detection of

the nt DNA aberrations and MJ R variant(s) in the first

2 PR PrSBTRE {hoPEEY e RIBUERL AV o o

comprisingd di sease; (f) collecting a second skin sanple from
a subject; (g) assaying the second skin sanple for .
na) 6e g iaélgmBMP(QﬁTW)SuhlBétrqﬁHtgi DMETINY#S Ve S samplge
techméﬁeeps (f) and (g) at regular intervals over a
réscri bed period of tine; and (i) conparing the |evel

ofb) akdahigabeskiatimple fhaheeondte DNA $itBKAD abéfatods andgular
the skin sanples_taken at regular intervals to detect
c TS over anrexQribedperias ofginae: and

(c) determining any changes in mtDNA aberration identified over the prescribed

period of time.

13.  The method of claim 12 wherein the non-invasive skin collecting technique yields

ultra low levels of DNA.

14. The method of claim 13 wherein said ultra low levels of DNA is about 0.1 ng of

nucleic acid.

15. A method for monitoring a subject’s response to a preventative or therapeutic
treatment for photoaging, UVR damage or skin disease, comprising:
(a) collecting a first skin sample from a subject;
(b) assaying the first skin sample for»mit‘ochondrial DNA (mtDNA) aberrations;
(c) assaying the first skin sample for one or more melanocortin 1 receptor (MC1 R)
variants;
(d) determining the skin state and genetic predisposition of the sﬁbj ect to UVR
damage based on the detection of the mtDNA aberrations and MC1R variant(s) in the

first skin sample;

40



t hereby nonitoring the effectiveness of the treatnent,;
and (J) optionally, adjusting the treatnent based on

w0 b@ogerset i ¢ predi sposition of the subject andP€Ti€A2008/001801
det ect ed changes in ntDNA aberrations. 16. The nethod

g@%wcﬁh%é ol eheatife mﬁelf R R 8toa gﬁ%oﬂquscﬂnﬁhge or

e an in sanples t en at regu val's are
okltiadizegbetisi ng a non-i nvaS| ve or mni rral I y i nvasi ve
skin collecti ng techniq 17. The nmethod of claim16
wHesdieqtinga seegpd ?IFN}é%‘F’Q’@fB}m%SW?Jﬁ‘é} ly i nvaS| ve Skl n

g% gl ghé &L ﬂ&ﬁs f(gtomﬁ&l oﬁ&ﬁaltﬂl@A s A EF%{Jatlons

es ta r egu I nt er
u(H) ITépebm{g i;tq&(lf)Sarsdf (g)m%egtﬂﬁir mﬂéh\mlsmxteh a@rﬁbrlbddqmemoﬂlbf time; and

of) srrepane the el gDl SHETaos bNCrhibITS SREIE and the
neél{lﬁ S%E@?é ke Qtt_rgglﬁﬁ'l] Hited s B %H’angé% DN X abahtiofs,

screeni for an effective~therapeutic or
c ﬂﬁfﬁbgemﬂﬂlmnag ehet effe@ﬁvetﬂees difrthatrmmlbnt) ﬁncb h ot oagi ng, UVR
damage or skin .di sease, conprisi . col | ect.i.ng tathe

£ (1 ertosmlIp adsing thertesiraend bajed o tgf( gne §§%E$1F%9951P%0
nt DNA

et B4 e O o el PP RACER A T the

t herapeutic or cosneceutic agent; (d) collecting a

d_ski f b |
16, pTBSEEHBBITAA WIerth e SOy b Sunr - aHakBusgiale and skin

sampl§§(%g?rfﬁgg%l‘galf 18{61'\;5'1 rﬁg Bgﬁg‘{eﬂéﬂl%m%&%@e}ﬁ cﬁ%ﬁﬁﬁa{llyqﬁﬁswe

aring t "'eve ations
skin cbi¢otiag rechhiué. r st skl n sanpl e and the second skin
sanpl e agai nst a control to deternine the
effectiveness of the therapeutic or conesceuti cal

17. 2980 hetol:of £ ﬁrgq%tmg%ﬁtdkecﬁﬁ L ev\(t}%ﬁrﬂaﬂ}hﬁvffiél\l;e%km

ski n sanpl & and secon I'n sanpl e
collecting technique used to collect the second skin sample and samples taken at regular

intervals yields ultra low levels of DNA.

18.  The method of claim 17 wherein said ultra low levels of DNA is about 0.1 ng of

nucleic écid.
19.  The method of claim 15 wherein said regular intervals are biweekly or monthly.

20. A method of screening for an effective therapeutic or cosmeceutic agent for the
treatment of photoaging, UVR damage or skin disease, comprising;
(a) béollecting a first skin sample from a subject;
(b) assaying the first skin sample for mitochondrial DNA (mtDNA) aberrations;
(c) treating the subject with the therapeutic or cosmeceutic agent;
(d) collecting a second skin sample from a subject following a prescribed period of
time; '
(e) assaying the second skin sample for mitochondrial DNA (mtDNA) aberi*ations;

and
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21.

obt ai ned using a non-invasive or mnimally invasive
skin collecting technique. 22. A nethod for

wa@ledoennises ng t he | evel of photodanage of a subP@DCA2008/001801

conprising: (a) collecting a skin sanple froma

subj ect - . _assaw e skin s le far .
oMty RERR PRI EideT BReS 1 ey i sompls g e

| ®¢6hd 6in B2 afth@tal AGOIGDH defeemBkithe SBdHElEncaYaf M8 thedapeutic
popul ati on of nt DNA del eti ons categorized according to
affecomsermtical agamtd assi gni ng a photoage to the subject;

and (d) determ ning the | evel of photodanage of the

subj ect by conparing the subject's chronol ogi cal age

t Dhd Methad Sif e1ARA 20 RHeRAd the A skith@niPid fieDse0dnCdkah Sande are
where the mtochondrial DNA deletion is the 3895bp

obtaingdpsing apon-ayasipe @r gymowtly énvepive soin caBedingiterbniuehe

22.

skin state and genetic predisposition of a subject to
UVR danmage, conprising: (a) material for collecting

t ASHétBo® AR Emindhé Pvebos ghakldamBké HES Subjddt, QBARHriang:
reagents for carrying out MR genotyping and the
dea eelidcting efskintspmpl ratbjoets .

(b) assaying the skin sample for mitochondrial DNA (mtDNA) deletions;

(c) comparing the level of mtDNA deletions of the skin sample against a population
of mtDNA deletions categorized according to age co-horts, and assigning a photoage
to the subject; and

(d) determining the level of photodamage of the subject by comparing the subject’s
chronological age to the assigned photoage.

23. The method of claim 22 where the mitochondrial DNA deletion is the 3895bp deletion.

24.

A diagnostic kit for determining the skin state and genetic predisposition of a subject

to UVR damage, comprising:

(a) material for collecting tissue samples; and
(b) suitable primers, probes and reagents for carrying out MCIR genotyping and the

detection of mtDNA aberrations.
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