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provi ded for the purpose of making kndwn information believed by the
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(a) collecting tissue sanples froma subject; (b) assaying a first
ti ssue sanple for mtochondria" DNA (ntDNA) aberrations; (c)

assayi ng a second_tissue sanple for one or nore nel ano i
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t her e i BVpridiNBiBghtaomon- i nvasi ve net hod for nonitoring photoaging,
UVR danmage or skin disease, conprising: (a) collecting a skin sanple
froma subject using a non-invasive skin sanpling technique; 20(b)
assayi Ninpd@ntk iskin SanpleSadabisedint WONIBNAN 029 wellhof astdsbéll)widbepardtio ties at
e intervals over a prescribed period of tine; and (c) determ ning any
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provi de nmet hod for Itoring a subject’s response to a
preventative or therapeutic treatnment for photoaging, UVR damage or
skin di se, conpri sing, .. (a) collecting a first skin
sanpl e ?’ﬁ@’ﬁ?%?"% j ﬁeepfoquCIR) Genomt’,’ﬁ%_ assaying the first skin sanple
for nit pehRERAbRItiPNACEFTHIINAL (FDERY sticdbdes & meditrane-tvasdietdfortpacteinitha t
skin sample for one or nore nelanocortin 1l receptor (MCLR) . variants;
WO 20097504853 Hrovlennspubesin Thogoding region of MCIR 1s highly polymorphic and -~ -

15  associations of variants with pigmentation phenotypes and risk for melanoma and non-

melanoma skin cancer have been reported (Rees, Pigment Cell Reseaiéh,- Vol. 13(3), 135-
140(6), June 2000; Kanetsky et al. Cancer Epidemiology Biomarkers & Prevention Vol. 13,
808-819, May 2004). Thé incidence rate of ‘melanoma is greatest in fair-skinned, sun
sensitive individuals, suggesting that the ability to respond to UV exposure, by increased
20 v synfhesis of melanin is an important factor in melanoma defense. Earrﬁly studies have shown
that individuals with fair skin and red hair harbdr functionally significant changes in both
MCIR alleles. The alleles D84E, R142H, Ri 51C, R160H and D294H héve high penetrance
for red hair and fair skin. Two lower penetrance alleles (V60L, V92M) are also comrﬁon_ '
factors in melanoma risk. | o
s 1 S _ | | |
| MCIR is, therefore, a major determinant of sun'sen'si.tivity and a genetic risk factor for skin
v cancer. Assessing DNA or amino acid sequence of the Melanoéortin l Receptor (MC1 R)
gene to identify whether certain variants which are associated with increased sun sensitivity,
suscéptibility to DNA damage and increased skin cancer ﬁsk are present provides a valuable
30  toolto identify- patients with greater risk who are in need of more aggressive monitoring aﬁd
| treétr_nent measures. Evaluation of phenotypic characteristics associated with sun sensitivity

alone would not be able to elucidate this increased risk.



(d) determning the skin state and genetic predi sposition of the
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(nt DNA) 0 and 25 ar k. t he
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agai nst call&tioh ﬁmqmadmbmmﬂleuwm)@ﬁmanbm&g&egmei 8 thdh@sanRbltiof
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20 . This background information is provided for the purpose of making known information
“ believed by the applicant to be of possible relevance to the present invention. No admissidn
is necessarily interided, nor should be construed, that any of the pfeceding information

constitutes prior art againSt the present invention.
25 : - SUMMARY OF THE lN_VENTION

An object of the present invention is to provide methods for assaying MCIR variants and
" mitochondrial markers in skin samples. In accordance with an aspect of the presenf .
“invention, there is provided a dlagnostlc method for determining the skin state and genetic
30 predlsposmon of a subject to UVR damage, compnsmg '

(a) collecting tissue samples from a subject;



(d) determning the | evel of photodamage of the subject by conparing
t he subject's 5chronol ogi cal age to the assigned photoage. In
accordance with anot her aspect of the invention there is provided a
di agnost i Y&PP¥rP33det enni ni ng the skin state and genePFEEAZOOS/OO]SOI
predi sposition-of a subject to UVR damage, conprising: 10(a) materi al
for.collecti () assagimge festriisbesspmaledor mitochfigriab DNAa(ph®NX)i mer s, pr obes
and reagents _for .carrying out MC IR genotyping and the detection of
m DNA aber r afYRECIBRI EF DESCRI PTI ON OF THE FI GURES 15 These and

ot her feat ur gy ashyihha stdowe fikiueRanhlt forloae @mOﬁQﬁ&m@I@&iﬁhqr}Ece%fbrW@lR)
followi ng detajl ed description in which reference is made to the

appended dr afftHgls; and Figure 1 shows real-time PCR data relating to

the 3895 bp pd)NAARIEIhOKA S¥Elsd %%gggfg%ditg LRI AR GOLLES /& from

t he nose and the heel "using the ne e present 1'nvention.

Fi gure 2 -shovemagsdiasediomshdreatian af the maDNAgpbeoatices ehd METI R VaeiaBi@) m thp
nt DNA del etign in skin cells collected fromvarious body sites using
t he nmet hod ogk"?ﬁaén‘ Fse'sent invention. 25 Figure 3 shows real-tine PCR
data relating to levels of the 3895 bp nm DNA deletion in skin cells
col l ected from varj.ous body sites using the nethod of the present

i nvent i dhaceprdguseavith mother aspecto g inventiprothereds previsled psenfishe methed ofghe
pr odgct ESERE nicki I t 9@3@5-' non-i nvasi ve skin .
col Fgct ?B‘%ﬁrret hgps‘?&“’%@@}‘gﬁa g%SUi%g%gjgag 'S owl%egkbt?he presence of

anplification products present in sanples collected fromvarious

non-i nvasi v kin .collection hads. .. . .

2009/ 0@@;@%@@%@&&%@5&gﬁfctgﬁéwggengomﬂﬂs BRudedusr At mefhedelihs s -
for subjimehtor fosi@etnfiing alptphglavtay dr@irgpeutid ©atBent ZorPAQeatR: &€l o

provi di ngéesul ts of an assay testing for the RI60H allele variant. 5
Fi gure £3edoratnge Rhofagivg. H¥ B damageon ki qaBeEs] of 3895 bp nt DNA del eti on
of @spopul ati on categorized into age cohorts. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON 10 The present invention provides nethods of.

pr edi ct imegcorfianggrigi angthenaspaetrof therinvegtigkharest proededadosiavasith methsds .

The net compri.se coupl non-invasi.ve skin sanpling techni ques :
with as Is?%sllgot{lﬁgﬁg H%‘g%aﬁh‘%gﬁg '% ‘Eag&%% ﬂ’él%jﬁl%ﬁhs‘??ﬁ% &PBRE"&nd Mel anocortin 1 -
Recept or - ( MCldRrolkatin@abldn sdniple o o ibjettthsing Ag0ABAAGES siih S3hsifga o
conpr ehensi ve tqQol for assessing genetic
technique; Lo _ A
20 (b) assaying the skm sample for mitochondrial 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.

25 In accordance with another aspect of the inveﬁtion there is provided a method for monitoring |
a subject’s response to a preventative or therapeutic treatment fbr photoaging, UVR damagé
or skin disease, comprising: '
(a) collecting a first skin sample from a squ ect; o
" (b) assaying the ﬁrst skin sample for mitochondrial DNA (mtDNA) aberré.tions;
30 (c).assaying the first skin sample for one or more melanocortin 1 receptor (MCIR) |

variants;



15 predisposition and risk factors associated with di sease, ageing
and ultraviolet radiation (UVR) damage. The net hods al so al l ow for
the assessnent of a patient's response to therapeutic ents, skin
care prodd%‘?%""%(ﬂ‘thftsr eatment regines. Definitions 20 Unf’ LCAgip/PyaY
ot herwi se; all technical and scientific terns used herein have the
sane heani ng(dsleeanining the skinl gatstaod dereyic preispdsitondifmiay syibjeki tb[UVR the
art to which . this . invention bel ongs. sed. herei the term
"about" ref ef¥03& b&fﬁﬁ‘r h?r‘é‘tt%ﬂ“;‘?nagif nﬁ@@?\/éﬁfrﬁtﬂqr’éﬁn@ Fftﬁﬁ& Yrelag{(linthe 25
val ue. 1t isft@slBR samsler st ood that such a variation is always
included in any given val ue provi ded herein, whether or not it is
speci fi cal | y (@) @revidinga prsventaive o therappticrireatragnt fr photopging 37\Gh darodee or
sevegal altegnatigef orns of a given DNA sequence occupying a
specific place on a “chronmpsone.  As used herei n, "cycle threshol d"
(CT) is the @cwitectaﬂngm&ucoﬂtﬂﬂmtgampleamnhrafsubgadt; on of a nucI eic acid

sequence ris above back o ndj c such. as a
fl 80 rescenc e(@ PEREINg thasse %rfjgrelpﬁo‘r%@tl%lai @\ﬁ%g’@ @L@ﬁ‘f@"%‘)}mof
the s equenceat;@eptgtmgrwaﬁt@gﬁa @ at Rgfar MRS L) Prescribe ngatb%ttdf%me%d

"di agnosi ng" neans usin presence or absence of a tation of . -
combi nat i on 69 compasing e‘éﬁs Oémﬂ%h%@bﬂmﬁlom batwean the ﬁghd@n sample and the
mang errent i i.n the
m agnOS| o Iﬁ&ﬁ?@l@&%&&% géutataéérgtelgg a%rt(:fé g]@{a ﬁNgegggaqog%val
of a region dferdBNﬁnomrtomgﬂh@teffem@ssoﬁ’thd: geutmentl4hdsequence of a -
nucl ei ¢ aci d,.. Del et . can gﬁﬁﬁl n.size fromone base to thousands

of bases or pé?%}té’tl §t5’($t Rireatmentbased onphs-aenpti pr OS@PnﬂﬁthDNA" is
DNA present sdbéatmta@a@tédt@d chtﬁge‘é%n HRBI ABERAtfong.” MUt at i on” |
enconpasses any nodi fication or change in nuclelc or mtochondrial

DNA fromthe w ld type sequence, including without Iimtation point

nut aki o i t | Qns,.qhranslocations

ol 8] OB acchlBARL bt ABEL L My 0 PR ShB0Re b ERIRHGE MRS,

t her eof for'ﬂn&fﬁudteﬁhelaieuﬂmomosmmgeageht fohﬂlemqmm@f phetbagint aMURf rom a
singl e hase ch to the addition or elimnation.of an entire 20 DNA
f r agnenf ™ eoragﬁﬁrse?&n’fﬂr@mtn@fers to any preparation derived from

skin of a sul)esectifPi fitX 3R sMpleisATNBeaf cells obtained using the
non-i nvasi ve net hod descri bed herein can be used to isolate

pol ynucI eot i tRIgssaping thedpsti shinssample fat misehondrial BINDgaDN/drabenagiomsst hods
of Hhe prese - i t e nvention,

typr caI Iy argzt) %ﬂﬁwgﬁﬁe QM ﬁ‘eg@lhe?‘?ewm CQS«‘ chﬁtsc gol%en he skin. The
sanpl es are gbemkmahgysﬂnﬂkﬂm@hmﬂheﬂahmnmmuﬂﬁdmﬁwugap@aﬁﬁﬁdp&ﬁﬂ&ﬁve
or ntnrnally .l nvasi ve skin sanpling methods. di scussed-herein. The
term "skin" ers to the outer protective covering of the body,:

consi sting ofe) bﬂgylﬁgmetée@o%e s@fdarhie fﬁ‘%@&h@ﬂcﬁtal BRA ('nﬁDFﬂ?s %Fata%ﬂs to

i ncl ude smeat and sebaceous glands, as well as hair

structures #4 one embodi ent, the skin'is manmalian skin, preferably

hungag. t he skln
state r ef er@s) n%%ﬁﬁﬁ?g%{eéo B%Q‘th%%p% betéw?eﬁl reérs{erci(tl pEl unt
of UVR darrag@camtsknmémtpwagdmet 4 conruhto @fensine &;e eﬁaéthleﬁ@;s bﬁdl& ﬂwtaﬂeMR
associ at ed d| seases like. The terns "therapy" and -

"treat nent, rcémtﬁcgbl ? fl%ern hangeably herein, refer to an intervention
per f or med vvrth the intention of inproving a subject's status. The

i nprovenent can be sub ective or objective and is related to

amel i or &t #5ReFopRS J@l%asﬁsfé o€ thatimgniipn therepis prowided amethod fotaletsimininent
of I gt f di sease, disorder or state.
Thug@ eI%;%h% er ag‘% %%F‘ga%@“ﬁﬁ gre used in the broadest sense,
and i ncI ude @abteollbetutgaaslmm;mqﬂe franapbbjeaxi s), noderation, reduction,

and. curing of.a di.sease,. di sorder or st at vari ous stages..
9 Eb) assaying the skm sample(% or mltochonderlta? DNA (mtDNA) deletlonsg




15 Assays for Determ ning Skin State and Assessing Genetic

Predi sposition to Skin Di sease The nethods of the present invention
conpri se couE)I i n% non-invasi ve skin sanpling techniques Wth assays
ef f ecti ve YH2OYERPI¥ yi ng an i ndi vi dual''s genetic predi ggygﬁ%qoyﬂﬂlﬁ
skin 20 disease and risk factors associated with UVR exposure, The
assays may be)canphinigakk lale oEmiDNArdetetinhs ofahé shin saniphe agamstnpripubtion The

conbi ned use of se assays proyides.a unique.ability to. .

si mul 't aneousP{}“@\g‘g é%leb%‘ﬁéﬁeﬁgrﬁcé I?CCI"%’P%P?‘E% ﬁﬁ'hg’gﬁ -ai“‘# %é@?%él HePES
thereby provighOgitfectliaagnostic tool for health care professionals to
better nonitor, advise and treat patients that are prone to or.,

suffering frtihdpleoeisiagithejevalwRokniedrgase el the skTeet by sermrsing s subisels 1 or
Det ecti f i al iy hondri al DNA (M DNA)
dyng 'Lgna?ec%ﬁcﬁ%ggrf%% t%‘%\%é%ésﬁ}%t%%ﬁc (l\)/{]_t ;It ?ons i n(rrt DNA) are

often prelimnary indicators of devel opi ng di sease and nay act as

bi omar kers indicative qf risk factors _.associ.ated. wi.th. di sea onset..
As wel | Inagordanceyifh angfhef pspegtiof HHY?SBW%T%R‘B&“%&p‘aé‘?é‘l’sﬁc%ﬁ'f"r_

nai t 0ChQBrhiding N AI@RSs50 TREEREHE SrediysdsRdh oPAubjéct \SUTR MR, obust.
target for ‘assays relying on extrenely mnute quantities of nucleic
aci ds. Thepnundiods of the WO 2009/ 046535PCT/ CA2008/ 001801 present
inveption th : v =1 Y echni ques for collecting
ski ﬁasarrpl es%\[Xﬁaggn%}lfoggéhgéfﬁ?%{rmaée%élshéﬁwt ations in human '
m t ochondr i a{(b)geitbiepriries,dirches ssbdageatsdoncarmyrgut M R geaotypmegland the

m t ochondri a' I%NAP%%arrat .ons in a skin sanple can identify the skin
state ofdelgetnnqian salSect to cumul ative sun exposure and UVR
damage. Furthernore, neasurenent of ntDNA at regul ar .intervals such
as biweekly or nmonthly can provide health care professionals with a
real-time, quantitativSRHEFKBBSCRIPTION OFFHERHARES agai nst
treat.ment recommendations in order to determne their effectiveness

in preventing skin damage caused by UVR 10 The present invention, -

t her ef orihesqund oilge featuresa tednfentionoilEbarbme ngpre fppassint i the fallewndy detailed
patient with respect tqQ cumul atjve UVR damage, .conprising conbining a
non- i nv &Rtk nRgh 1 ?qcﬁbs@@%ﬁﬂ#&ﬁp?ﬂ%g‘ﬁgﬁfﬁ'%say.for detecting a
m tochondri al aberration. In accordance with one enbodi-nent. of the

invention, the mtochondrial nutation is selected from_thegnoup 15 -
consi st ifigred shwseesldime PR Bate relaiingsn dhe 338 bp psNA delesion leyelidr skiance

it . = : AR . . o DNA
del &0 onuitfles EARSELIRAL tPhodk g WS BB bt Bscrlin i o
the nutation is the 3895 bp nt DNA del etion identified in PCT

ahod MBS Sk P/ PR dat AR Aok of Deeng spusP A dlibe ki

set f or tda)é seEe rbnNekidus bokip si@&ci@ii%%%qﬁem&d 6¥ thé preben@inéhntiour t her
enbodi nent of the invention, the m mut ati on corresponds to the

sequence as set f orth- in SEQ 1D NO 2. Exenpl ary net hods -for -
NON-dNV , aci] : . . -
o T S S0l LA BRI LES A0 BRSO DOubAAS R
from a- satipéadlectnd from various body sites using the method of the present invention.

Figure4isa ge‘i showing the presence of amplification products presént in samples collected
_ from vé.rious non-inv:asivre skin collection methods.
30 - |
Figure Sisa gel showing the presence of amplification products present in .s‘ampl‘e‘s collected -

from various non-invasive skin collection methods.



25 undertaken using any suitable known nethod. M DNA extraction is
foll owed by anplification of all or a region of the mtochondria'
genor ne, and max i ncl ude sequencing of the mtochondria' genone, as
i s known WP ¥4 and described, for exanple, in OMFET(CPLAWHP(H%Q}I s
in Ml ecul ar Biology (Ausubel et al., John Wley & Sons, New YorKk,
2007). Likew se, nethods for detecting the presence of mutations in
the mt DNA can be selected 30 from suitable techni qgues known to those

skilled_jn the art. For exanple nal yzi n can conprise
sequencfigyres o A Bhery SnoRPIRYPIYS ?ﬂr@@eﬁ/‘%ﬁ&%ﬂ‘? Me#aRts- Nor t her n,
West ern -Sout h- Western bl ot hybri di zati ons, denaturing HPLC, '
hybri-di zation to rnicroarrays, - WO 20091046535PCT/ CA2008/ 001801

bi ochi pEigere Gethews higglproviding caghlay ofrparaksay testing {ps the RIS0Hxdlgleolagant.
melting tenperature profiling or a conbination of any of the above.
Any Suitabl e neans to sequence mtochondrial DNA nay be used.

Pr ef er ablgyre 18 bk b grephasfittirfg thellebyl dPCED Pbp MmDNA dsletoreoitd pugpulafibe

met hod of PCR js well known in the art and nmay be perforned as
describéﬁegqlilzﬁéﬂnm%geé’ﬁ Bal oona, 1987, Methods Enzynol ., 155: 335.
PCR products can be sequenced directly or cloned into a vector: which
is then placed into a bacterial host. Exanples of DNA sequenci ng

met hods are found i PEFAHEYDESCRIPTION QRITHNVENIION 1991, Rapid
DNA;gequenci ng by horizontal ultrathin gel electrophoresis, 10 o
Nuc[lei c Acids Res. 19:4121-4126 and Luckey, J. A, et _ al, 1993, H gh
speed D¢ gwearné ivienéoBrovides metheds of predigting: diageeing gnd moRkeringcRkin states

= I _ 13 " - of o < -
ok 1 2G5 et oo HRACAORRARE A5 s R AU decthiques
aut onat edthssspye niwit rigteohink umtochortdbalAmdiatient ind Melinoddgidh prRxemos(MCIR)

Bi ot echni ques13:.82-92 and T a, M et al, 1996, Autonmated. .
cequencT DT ThERACEAhy 6 JRts JpTite Secpmesgnas (0o] donATHERErle |
Recegpt Opreivpoditin & fsk Padi@rs TidSodrbB NGO tisédie, ladeRize A liltia¥ioket k@iation
control QB{)}I nt in mel anogenesi s and deternines the anount of pignment
accumul &¢VBh depmaghelhe methods alsp allest fogiihe gssegyment et @ptignhs stegrease to.

degree Nl ' 201 0 carcinogeni ¢ UVR, Ml
R genot %{%S“%ﬂ%%%{%ﬁﬁ%ﬁ%&ﬁ%&?gﬁ flﬁegi%etg'o DNA danege caused by
UVR exposure and assess risk factors associated with skin cancer. As .
such, eval.uating the DNA or am no-acid sequence of the Melanocortin 1
Recept o efiﬁ}ﬁ.’ﬁ‘f) gene to identify whether- certain variants which are
assggi attedksyidefindd6theREay HURCIHENS i dnt Victeyti A derfild Sese@tekdih ithye i SAdR
damage, provides a valuable tool for identify individuals_ at greater
ri sk f oMmeanisg as eommaniypdersipodbby pre plerdingry shit i thegvt ée gihich this invention
moni t or ipg,and treatment nmeasures. The nethods of the present

i nvention coupl e non-invasive skin collecting techniques with an
assay. for MCLR genotyping. DNA or RNA extracted from skin sanples may

be_used \.Q LORNLL %00E QLRGN BRLhANy 24 HfSaikith R Suea

25  value. It is to be understood that such a variation is always included in any given value

provided herein, whethef 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. '
30



30 R142H, R151C, R160H, D294H, V6COL, and V92M associated with

i ncreased nel anoma risk may be tested sinultaneously. Alternatively,
MC1R geno'ée/(%iZ ng{ for the five allelic variants nost commnnl &

associ ate PHO5NEr eased risk of skin cancer, i.e. D8£%T/C ‘{9&’&‘31801
D294H, V601., and V92M may be undertaken, The IVICIR gene, including
variants, is set forth in SEQID NO 3. In addition, the MC IR RNA
sequenc@giySedRireih Ofchdle tHleshbI@” $<Df) Nhe poinf ASVHNIEEREE arhp MR A drT.a nucleic
therefore, provides a nethod for determ ning the genetic 5 o
pr edi spesidspansnestrisgnaboye paqkarpand.tas indigatpddyrresignabuck aht Broressagseisignaly
conbi ni AoN| I i : L '(;p%em e assay for

i denti f;tlg %th g’“%?%i geg%%%fﬁoﬁ%hgﬁgkﬂggeﬁ%%@fa a%s{slgaltﬁd]a skin
sanple. In accordance with one enbodi mrent of the invention, the MCIR

vari ants, tested .are.sel ected. from.t he group consistin f allelic
vari ant ASSHEIeTeiE Sieptosis L G iAaNaTRE TS BrinS BORISat OUIRRCe(0h &
accor damggatitinlod combiReionTRAIITRES dR6fr infBschUBAnbAfor hidRgbMéde! Rhe

variants tested are .selected fromthe group consisting of 084E,

R151 C, Hegoeion ofglm mutgtiep(Vganbe xtepi the 31%@%9@ g disg#senon-i nvasi vel y
coll ecting skin sanples and perfornming MCI R genotyping are provided
in the Exanple section. One of skill in the art will appreciate that,
15 unl i ke usechateingtibletionsd neansDdiomal tofib regim, of N A or maYNA| front a1adreiguous

thrqugh the lifetimne. of..an individual as .a result. of R exposyr e
pat t7 nSSERES G BUPES FPHo RIS EE D oI R HE *EHHRGARs of bases
t hr ough@uiarg. i ndividual's life, Accordingly_ M R may only be
tested once during the lifetime of a patient, if so desired. 20
Genot ypi ng -assays such as those used for evaluating the MC lit ‘
vari ant Il payce et 5k b Lndi Vi dl ess
of whi cﬁ“\éﬁélé‘%/h"?'é@’s %&lds] sa%rjplﬁlgé ggwﬁﬁ%egﬁ%gﬁg%ﬁﬁ%ﬂwﬁ%ene is-
i nherited and does not change throughout ones lifetinme. An individual

skilled in the art, woul d,,recogni ze that..Lhaugh the sanpl.e. can be

20qUPT ed B, o GRSV aE BT CHE PR GE PO FORFS Ot mmy
al so . be ygiglchgaiDNrORam e vatd§pe Lg6bhct,iisduing Qitkdut AR@fich pdig same
genotype. Col |l ection of suitable tissues for use in The nethods of
t he i nvargtatipas.iesnsitonseinjrstionsy sy ersignsy trapslacaiéonsy delefivas. Mersions! ude

R R R

the mtochon
assays wbquehceare ektesd fremapegid base shanpdt fochenadditon@nslimibatien of am entire
acc%r da %’th one emnbodi nent of the invention, there is provided a
met K3d g@ﬁ% P8MAY- col l ecting a tissue 30 sanple froma subject,
wherein the tissue sanple is other than a skin sanple. In accordance
wi th anot her enbodi ment of the invention, there is provided a nethod

conpr i sddedsm ‘sanplagreiers togay prepphemdeivef &em skigdasibicethBorexample, 4 s a

buccal | i.on. : f - _
inder t anaAPsf s bERRlLATe fl ndi AR AL AAIRE e BB e .
al | el es isviate padynieleotidésnpalypeptidey, aumitochondriabDN@) for el hethbds of tlessprasent
ABl's a.qPCR T NP genot y.pi ng assay .. - T )
5 he pe P BROU SAE I Bp SO TREL PR Rigoats ats koruforafhe deppis o cpidermis

Li kew sef tHEakin0TBe Sinplis@RAiteRbBUSKATf BRAKR sufftfeusAidthoR iR 8F € el |
known in the art (see, for exanple, Ausubel, et al., Current :

Pr ot ocolmainmpllyinasiye gein seplpgynetipss dispysseshezeisons, 1nc., NY). -
Alternatively, allele variant assessnent may be based on eval uating

the amno acid sequence 10 of the MC IR gene. Techni ques for ,
under t aKiha¢erartiskio” sférd teathabytsi ro@etiveweéringrod gredtodpctohsistingef dretcosiom

(riob) bl ety Bh oo RPN sl e e o Well i

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

10



Not only can the methods of the invention be used to assess an

i ndi vidual for the presence of 15 allelic variants, but may al so be
utilized to determ ne a skin type that is an approxinmation . of the
Fitzpatri &Pb%?/?i??iﬁpe of the individual. In this regar H?T@lﬁé‘”’?’&%‘aﬁ S
of MCIR genotyping additionally allows for the grouping of .

i ndi vi dualused it€n SReaeinf ¢skinsddite? refepes tichmndidorof the skibhwithhespasgtsotieat ed
ri sk for canc

.20 These sk def i ned. bel ow. -Ski,n Type .1
5 char AEPUHS BYH St oo R b B SHAS™e WP 0700 & Y ReRR b

al I eli c guasdboiiashoprd associated with risk of skin cancer. 25Skin
Type 2 is characterized in that the individual has one of the four
allelic variants nost associated with risk of skin cancer. Skin Type -
3 or .higher. is.charactard g : ]
Four al (F ey s ARE s hFERehd d1ta hfspACkity Ao, BAG: R crigh
Thus, i pedioredadthcke intdnkion ofingnddn ambiect’s stene Tle ippowetest @nivet hod

of identifying an.individual's skin type and skijn cancer ri.sk factor
o t he BHETEVERT NEeTRE SRETHRRY T rorae RS FeBs e R b 1601
Non- | ”ngév\éﬁixlg%b&él@o%fnerj SGltbri BK pathdibSpefesskii Esdake; aRBidet GHwesd.i on
provi des for. non-invaSive or mninmally invasive tecludques of

col | ect iThys,$he tarmsetherepsarddreatpeant arg ysesn dre Wpaslgrt sersecandarglude the, ¢ he -
cont.ext of the Dr¢ LD At | o nanals ' Lyes

Thodd "t a8 BRSRN RuioRH R, Rduonh MdBiny of dURSkY Aokt Bl B
of the  skiidus skigks. Breventirigtdetesioration of dbubiedt’s Hatns Isialsotenergnmssed bly dlee tefm.
non-i nvasive or m:nimally-invasiye techniques used for, call ect.in
skin samPissts i”h’éqeéc?é,{{‘%{?@ figptmeptifiug Wﬁ?@%@gie&ie?%%vingtm%‘gfﬁﬁe’ dEPeL al
tape, Stekialetis SRas MRk fdndMol b 84 WEBNEREILFInAChEdisSke disofies vodatvaid ed
wth distilled water, wax strip, cotton tip swap, .scraping of skin
usi ng a thesen whom theylisease, digorderptstatesis faulpsi migrestedski n usi ng a wooden
scralger, sticky surface of an adhesive pad (CapSureTM Cl ean-up Pad, _
Arctdrus), filmfromLCM MacroCapTm (Arcturus), heated filmfromLCM
Macr oCapilssays(féF Deterniining SkineSiple ayd dgsasingGlehetiieipdispesitibe to( Skin Disease
exanpl e, 28 gauge), to collect mcro-cores of skin tissue. 15 The
sanpl € may be collected fromthe dernal or epidernmal |ayer of the -
ski n andryzeyeBedS T he prbdeBMiskatonIcBAPrief coupfink Othh-iaasiveOkkif xamplife
the heel, nose, inner arm ear, nouth, scalp, chest, shoulder,

but t ock, tedbaisies with @ssaymgfiective inhideriding ap ndividuadis gengtis aedisprsition fhskin
» > &5 ™ e ‘ .
2 DR B IR thiorealoon@d I OUREATTHD SuaihaP D bR U

sanpl e aarinkempinatién edthane pnother. (The wompinkd s 6f thesnpdseys mbtvides a unique
preservatives, .reagents, and the l.iKe. One .skil.led in . the art wll.
under st aaa?t}l | O‘Esip’a?‘fs‘?%gel?&ﬁﬂﬁlf tofseaé‘fjlﬁ\nb{i StyigyhaBis: SherTbPEdipe o
singl e td MBeofit folEfofBEAh MRS EfedidhaId S Betl nfoRltbe 6dViQ dndareat p-aiahts fRd,
for exanple; for the -nmonitoring of a skin state over time, the sane
or dif f eareprong wahskgering framy Phatogping, YR damege ot skindiseaser t hr oughout
t he Jsest period. In this regard, skin collections may be taken once
only,” or at regular intervals such as biweekly or nonthly. '
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 -
30  number per cell of mitochondﬁal DNA as compared to nuclear DNA it is a more robust target

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

1



One of skill will also appreciate that certain collection nethods
yield extrenely Iow |l evels of nucleic acids (approxi mately 0.1ng)

whi ch wou useful for an assay targeting nucle :
however, Ehg‘?g@%‘ﬁﬁgﬁ al DNA targets that are in nuch grggpgr%dg%bnla%{nce
(approximately 1000 fold greater) would be uniquely suited to a

col | ect ipaasemehventomyi thédreforss howpkd n@riatasivedechpiqabdfor clleeting skigp banspléretvithy
show.that skin cells collected via the .non: .- WO o

2009/ 0465 85EY-TorGRESBAA BTN 1 AVSH THOSHPHIA ETHR: he present

i nvention provide sufficient ntDNA for obtaining results conparable
to mt DNA obtained via previously used skin collection nethodql ogies.
Wt h r efher disressed derspe sicpsusingghanlsnd obmitophondnald N A gherrationg Hiea skin Sample
enbodi . .S ' : = LOVASI -ecti0 '

i oh 1 o aB e S BLAE 492 fusnd iy HKER o Eplai AT Db SO TAINAR
col | ect idamagd. Tutheahore.etmessummenddf anbNAp as wabkr iftleealst aich lae wedkly or

renmoved fromits pac i and i.s ruhbed, on skin site.of interest

br 6 or aBRGALY K Bt oo Lt oo B eR Mibedes e QLA R raplofng ot
ensur e tfhatorRpaiddd hgiR0 trediBiGEcoAm&idhtions 8h bidep ted@ahliRCtheid effédtiveness -
genot ypi ng ‘or di agnostic purposes. Al though the present invention is
descri bdd preaewingsbindantage equegddiydéVRo a specific exanpl e, the nethod
may .al so be used to collect skin sanples for the diagnosis or

characterization of disease, aging, or exposure to ultraviolet :
radi ati oFhe paesenttifreentiohe nhdréforzapiovided methbd forclesrmbsimgthaslau staleef e \patidnt
Fol | owi ng. .t he swabbi n f. t kin, the swab is deposited i.nto.a ..
sterile IHb SSPRR 1% F‘"ﬂﬁ@“ﬁe %o‘iﬁ‘@@g‘f’of"{% 5% _80135’%?{'@0 asTEYYPR iR
t o nmai ntRiBetinB QedHAlRE Withy arP hsshy GordRAREhE a MBitcRhbrmlrial bbepratibNh accordance
contained therein. The DNA is then extracted utilizing well known

met hods With eneeenzhodiment obthe inveptienisdnitashendsipl mptstion sselseted Fowithe &ioup a
m niqal | V. i:avasisver.t: Qe i . - QV'S ' I MAS RGeS
(25 B SnyRtBsie ek Qaiiflly i SEAK IR Ldidhod Wi gL EH
genet i ¢ afnthesinvveibh,othe ntatibn §s enbothNdndeletishi n @eddrdanee evitho¢teatodr

fromthe derms a epiderms of a subj iercing. through.a :
tented reorimgt hie SRAEGUIE waris Herabs By pEbR tdiondédite b pet

a m cr osfphéion M6 WO/08f1106I9TE] acehrdarRivier il anbiheSditbddinad BEhe dnveatid) e
inner core of the needle. The skin may be tented by raising the skin
usi ng, ftBe masesieplisthe SRPYRY deletiopes sefrfeith gy SER ARNGJy d8 aggordangs,jyith $tilba
oKi torial S cant ai P . Lo '
Fur (o Sr onlt Sl 8 BBl e BRBN Cmithin ockbobdndy © i hogfiEee s 1"
f r om t hefortb&@dSEQ IPANBBhat e buffered saline i's deposited into the
colum of the needle and then forced through with the plunger into a
sterile tube. DNA is extracted utilizing well known nethods in the

art. As Eilehipbdry dhicdkbd oexchipkaivesl eolectidy skitTbmhpled dnd dsBiyas Meodihigd
for the collection of a skin sanple yields suffjcient DNA or ntDNA
for the Tu@BeseE provadedipthedixagplasisesiandirtighon elgntiINA fomba sample 8wy by
LTV 7sadi @l @hen Adsith ¢ Byt NGitRE S %{E‘B{%ﬁi RSNAL BifaciBh 'R fiowed b
obt ail ni ng ski r?nsa?rﬁg% es ylt S %a#e angﬁpal nless. Furt her%c as 111 usotv?eat eé :
bel ow, anipifisatier ofsalif driacieging oDiA ngtocheriONAl gegoe, andimaycindudd spquencing of
conduct Itﬂg _n‘fa:%o%ﬁtgnadtri%l ggnso%}/e,s as isvglo%w%ol%/ %@%?13%@%s%99 %roegcg'nqg €, 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
30 from suitable techniques known to those skilled in the art. For example, analyzing mtDNA
’ can"cotnprise sequencing the mtDNA, ampl’ifying mtDNA by PCR, Southern, Northern,

Western South-Western blot hybridizations, denaturilig HPLC, hybridization to rhictoarra_ys,
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D agnosi ng and Monitoring Skin States and Detecting Genetic Risk
Factors Associated with D sease 5 As descri bed herein, the assays of
t he invenw ﬂ)o%%sge used al one, for exanple to assesspéb'bgm%/%gmor
genetic risk, or in conbination to evaluate both genetic

predi sposition to skin disease and identification of risk factors_
associ abieghips ehgeng chivei mplgerdar markerranplysib.criosendorss mglting tewpethtyreupeling

bel ow, B{‘:?cdrﬁ{fl%iog;io?%}%h?%vgom toring of these factors are-
In the de

i mportan efmnation of effective preventative and
treat ment neasures agai nst UVR damage, 10 phot oagi ng and skin

di sease., ‘D agnosin nd Monitari Sk tat es Many Jndiyiduals. who
e oki Ang BRY Gisity B Saures etinsRenab A, A Seriard derblh PaPRA B e
the proamplifed BPPORPFibY 0 sb@iehtifgl THe ARRddofFTSMs! elSkHolinGh @dtarCiAb V-
or to reapply at the 15 recommended intervals, creating a false sense

of pr ot bepeiirmedas desgribedindMpbisiand Felagead 18D ddethadsthipzymel., 155: 335. PCR
Fur ther gfigers gQﬁ !bgu%ﬁge%géaeﬁﬁé‘éﬂgyor SERRCHES RSB vﬁ#&blsooﬁ plased T

appl i ed*by i ndivi aring sun éexposure generalTy pr
agai nst badierialrhosigExinzlexgofDNACtequanting\Bthdaistard fiuhé dn Boumlent Ri b. Bgemt S

directedq a har | effects of LTVA radiation Q0 These factors
anong ogﬂ’ét_ﬁ"s &ﬂ@e e@s"ﬂ gzta@%t ﬁ@%@%ﬂuﬁ@m iy yhogizonfal B%qatznfrb g8k eleFtRanharesis: n
ini gpal Nekielt Adidd ResM 9:8127106P8Ghd 1LackeYR. A 28me 980 digh Ege@&ﬂ PN LGRS

of studies, nonitor the success and appropriateness of preventative

measur e$y awnillary eelagiectrophnssicg Methads Bdzimenlps 18y ébt-1721The eombiedl wrerdPER o
the okt gy NEgETINe o Rl i gaoac | al, DOyl LL0RS LA i0e

s
skin -of “a y non-rnvasive ing 'sKi fi 54 ri‘ra"’tu omiated

O
S
regul ar sequtminvpbf hamal ONA wireklyy from PORnmodttsy RiokchiigueotIRS2-92 and

sui tabl e interval rovide health car r ssignals with a-
eal -t ek i A5G iR S Reingt MRS Mshiods ettt a8k 4aine
receggmendations to determne their efféectiveness in preventing skin.

damage caused by UVR ‘This collection nethodol ogy pernmits regular,
sanmpl i ndlelgropastiv 1diegensord@4(ER) érenotwingli sconfort and can be perforned

at hone.i i 4 Si i [ tin Kin
canp! o6 ik B BRREF L ool s 81 RPldeol BN BBl Ren Bd R IRS B o
nt DNA namatiitofipignest dchemelxtioreimeheyskiro @ivenehad skin highidAt etenninte dhdjegree
swabbi ng.are . suffice for undertaki ng suc Ls. 18 WO .
2009/ Q4g§§51ﬁ@ﬂ W@’Eﬂ%‘ﬁ‘iﬂonfﬁ FﬂF’%@gWMW Regenstspiag oo detespine
enbogi MeRkeibilith & DRUARHIESAER HEUTVRExpSEuits R adsRssGRk ratdrs kbBak! | S
for the quantification of biomarKkers associated with damge caused by

UV r adi #thekincaugsr. Beuph. svalyatingthecPNAGlajno ackisequeenhoel thé Melrmoportiz dnt

i nventi ( Sk . St f.or, del etions
i the Roc (MR kbRl b SA0R) SR @hul Rl Mbadlafin ™ O
del et i oincthasarsuh echshivity end shiseepeakiditgio 4R divdadehprovidkd avatedblestosiofbt ect ed
via the. pon:i.nyasi ve net hod, pf, the present inyentio rovides .
suf fi i HPURPGRCHA]S altaler isk dpridiserte@ad SPRFMP LB Fanee o EEERSHI Pred
Vi a2pr eyoRiisringkdnd teMleBfhiRtreset hodol ogi es. One of -ordinary skill in
the art will understand that the non-invasive collection of DNA 10
sainples fromthe epidermal or dental |ayers of human skin for :
quanti fi [ ) La Q‘%\bﬁz t Vi ans far a
heal t h (Il;gé?{élle%crlféefrtﬂﬁ %Q egem%ﬁilﬁ? é(;l{rHo %ce)u e enc?ﬁ(,%sg\;neesss cgpgct%?lég?%ﬁl{l SRt ks
and | i f estyfoe MEIRO gereryghartgl DNA 6raRNA ketrguteehfeont skim saafiplédbyelesaed &t ed

ski n and, DNA damage Wi the intent_to prevent such, consequences as
phot oag}dﬁgﬁﬁﬁ’ﬂe gk&’ﬂm\g@h@% ariang aligles. Fer eég‘a‘i’]ﬁa § SSKkR P’IkﬁWWI‘rlaﬂl‘fl E,
apps@ci Ri42H, R sUCi Ri 60, 9290t DIGYIBAd V921 afs%i_a’eéa]‘ﬁviﬁb’m&l%é’éea thefRAbRa risk

providers in identifying poor sun habits or ineffective protection
met hodsmaghe tesigd simuliangoysiyeivigativalyeMGLR genetiyping f@, thavfier allelic variadisng

to one %@R%gln%y &tsocrlggd WY Gl b risk BF slﬁl?_gélﬁlt:ér,si.g fDSﬁlu:,rﬁfg IPC? ?)2521?1, nas
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An addi tional diagnostic nmethod of the invention that makes use of a
m ni mal |y invasive sanpling procedure coupled with the identification
of a mtochondria mnarker is the 25 determ nation of photoage. As

descri bed i n tfipedxadpl € section, the purpose of thispaRtOededisoit o
eval uate an individual's UVR exposure by sanpling the individual's

skin ti SSUue .of ,,'tag(‘i:" Véﬂ?r% [e lpxge%gs\eﬂsmg«f&ﬂeﬁg, g@lhﬁ#ﬁ?fg a4 ES V& fétlﬁ'iz_p

col l ecting teclhnl qUE and nmeasuring the anmbunt of a rplfochondrl al
target assoGEIBAGRt I adiitonddierdigeR Bétrequencaisprifortidr BiQ BhNOThi s resul t
is then conpared agai nst a database of results achi eved by the sane
met hod and the 30 individual is classified into_an, age cohort based
upon the | eVidp Bfsew prpRtige| Beehr RIPREE o e BEsfTmehe GF grewe
phot oage,s t hedfsReiibh 9f @ imRiduiidh skl uinage: ortdaNAr anqkisisg sorbtsnigoampan-ed

WO 20091046535PCT/ CA2008/ 001801 agai nst their..chronol ogi 0
det er i ne i PORHEKELY “f‘l’?‘ggfﬁé?"q%rm WP pith 5“@%1%% lfr%sg%a %ﬂ%@gg}a&

i ndi vi dual s NMQIR heiksts mgeskgrsavyde. 1T hgerdanioy witit prieiemberment off thainksptipmilgsi ve
techni ques t b J0.61.0- Gar [ [ B QF AR A 0RHaMS IDR40f
S oohonar i OfcfiQ g ééeggga%h%g"“ﬁ ﬁg%régg%g%,fﬁfég an jdentify an

i ndi vi dual ' RIgHBRI At RAsH, B4k WhHe a2 Me n aggoeiance 31ith prpshgecrphydiment
consi steff  Qf e RHRARDh SHERNT 1 Mvirnd Bekd a6 BNRRO rO-li1eAdroud G6nsisting of D4E,
Det er mi nati on of q%got oage thereby provides a neans for health care
pr of essi onalf3to ‘?‘%Vég[plaﬁipﬁzé{'el y prescribe preventative and
treatment neasures to conbat phot oagi ng, UVR damage or skin disease.
10 Determ ni netjc, Predi spositi t oD sea 'n.uL wkopful Iy
eval uate an xﬁ'a?qe%i?’aﬁﬁf"-"ssﬁ“ﬁ F@Weaé“'*wlﬁﬁ%@%né} F%smgﬁ%seﬁnﬁg r Hgék of skin
cancer it i sehaypratdpeidhatheizahplhsecindngobkilde s atwdl spprovdteiéd wi t h
as _fuch i of gp _t-dmocﬂwaﬁmggiﬁrg@dl“ Mnﬁ&ﬁ%%é}%ﬂwgﬁgﬁmﬁmﬁﬁéﬁﬁ heir

patient's risk factors. I zation 15 genot ypi ng _not
only cont ri Godivduat as agesulf of IR roesire gatems dlepeshili TomCHoeepnipingaivt gt

caused by UR.BXBempicat aMdividusiks 18 ALRWBIRPMOR Sy ShyORNGRE onde turing
provi des a val uabl e t ool ti? |deré€5i| fy patients with greater risk who

are potenti dhqYfetme ofapdesf Werdedggr essi ve nonitoring and treat nent
nmeasures. 20 The present invention therefore provides a non-invasive
et hog fap t@?ﬁﬁﬁl;éa@@%isﬁdg_mo% ﬁ’?ﬁ%m&'@f’mmm‘?ﬁ%&%@?' dl ][1
accor dance ne.enpbodi nment o nventi.on, extracted from
cells coll e\(,:m‘fi@‘&”gvs‘ihﬁ'é a’?r’é*f“hq‘g'ﬁs %Mﬁﬁse&b‘#“é}élégﬁf R S %W‘ff@ceused to
i denti fy oneoftire MibiRezemlid iehiested md ideps bt clasgdioprghatbng Hfdtimendn adisideh!

mel anoma. 11 Sfed 136heTR WD S e SRz ot Hké%ﬂﬁ;’e@a:@&%ﬁﬁo’é aRffirddRdin el for the

presence of these variants and to additiopally determ ne a 25 skin
type of the PHgvyolestien methd foF gl pay alsp baveHaged Bty sridodrisreioor e
all ows fap téhenghaupt fgotak. Gonetiivi duabitde isnkofospeiaith nethsdsiontt ypes

characteriz eﬁve%%an%%%d%?%&ﬁ!ﬁ@&%ﬂ%& {ni 1!?@&1:];:9{311319 A& such nont imiting examples as.

buccal tissue, muscle tissue, nerve 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
30  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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Coupl ed Anal ysis 30 The conbi ned use of MC IR genotypi ng and rnt DNA
anal ysis provides a tool for health care professionals to nonitor,
advi se an reat patients by considering both g I

pr edi sposi‘*{(?g&r?;/gir?s the end results of their sun |if e‘stg?g/bﬁg%)?/?osl?m _
Thi s conbi ned use of assays WO 2009/ 046535PCT/ CA2008/ 001801 provides
a unique ability to simultaneously assess risk factors as well as
consequgpces. | t e.g\g% R ﬁQT% L SP Ak Ak didble &aRNEd
from re%’e‘%%cganf’ggﬁ%%%%#oh% noni Itrrllggfs)? é}?éco; Pec'?lgonyaf (;r .I’?i t. DNA

t est i ngmathdd shétedtiohef sizeificialelbaumdy he desmineslovingsuctadybreeognized sechriques
possi bl e begaus i nf tion .obtained fromthe MCIR test will not
change %?ﬁﬁg,ﬁgﬁpkgﬁq@apﬁ%mlngaﬁw e though the DNA damage | evels
el uci da D¥rodB&s bslieghiflykie sl 0k abah/UNNArad ). @iliettisepinktholld afgirepatisg as.
a resul tof UVR exposure 8atterns. Not eworthy is the faé& tB t sarl n
damage cuntensidedgrirapyRandprabenarg velhknayyy igjth 28 0T CARBRIE A IRY 3’, etiaj
cannot ] BTy IRV p Markggts will always
have 1oEﬁ“?%‘???ﬂﬁ%&%%@%‘%@#’%b%gﬂ’%‘3"&{" 9Wl t hout,”’ ng? will it be the
case that anindividual who reports regular sunscreen use w ||

necessarily haye | ower .damage than ane who repprts. no sunscreen use.
e CAdets Y Al oot RESMSTOBNE VT o RS BF gD S hees
heahph eafe MOTKEER: TWhhiduédor titicftleng AaingAtidlahalysis € wellamtiersiodi
more informed recomendations to those in their care. 15 Evaluation -
of Ther #peutdnd meydneludes fra esrnple.digheparioraance quid shromatnezrnhy (HREC)-
present invention may al so be used for w despread skin screening for

bot h nedi cal and cosneceutical purposes. The nmethod of the present
i nvent i @eramminiteShis Egpefand RiskrpSkipiCagceand/ or to nmeasure vari ous

bi omarkers assocjated w th.skin cancer (poth non- .20 apona skin
cancer g?&O%%@ﬁé%e%“’\gﬁBP%m@ Jor} B USRE RASSPH R ngéquggfx %ﬁ&“’&%‘ﬁ’ﬁ&‘é
in a9 i ngiyd vheahts Subkiaf aldiBe LidliZdl td dldritlineaiskad typeithat i B apiRbiinatisios
fromany external” anatom cal |ocation provides the foun altzl on fqr a

uni que AheFitzpetoekphotopeseltbeindividuak dp thipregand; the resalts of MedR Esnofing

t he safefy.. i ) Std-ng. Al {Fi SRS, in
care pr%g%lg&gﬁl g%@%ﬁ%ﬁ%ﬁ%@ﬁglfﬁg@vﬁgﬂﬁ{fﬁdé‘élpgngi?lé@ag ﬂi‘?ggﬂ%i fyi ﬁ%s}%(he'
speci f i chgmpeidtal idhdfog@ac5 underl yi ng a subject's skin disease or
state, it may be readily. determ ned whether and to what extent a .
patient will respond to a particular therapeutic agent, skin care
pr oggct msg&g{tgpes_a@ dcFined belowhe coll ection naterials used in the
met hod of the present invention may be packaged, 30 depending on the
desired application, into a consunmer kit or a nedical kit to-be used
in a cligqica i : i 18 i
mor 6 sarrl RS S oM bR e SR RS b L e s
" most associated with risk of skin cancer.

25 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
vanants most associated with risk of skin cancer. '

30 ' ,
Thus, in accordance with one cmbodi,rﬁent, 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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sterile swabs, cotton tip swabs or needles, but other materials
necessary for genotyping and/or the identification of ntDNA

mut at i ons.ywJBfekicsss can optionally include reagents regpi&shobBo1so1
conduct a diagnostic assay, such as 5 buffers, salts, detection
reagents, and the like. O her conponents, such as buffers and
solutions for the isolation and/or treatnment of a test sanple, may

al so be included in the kit. One or nore.of the components of the kit
may be |yophilised further conprise reagents suitable

a
for theﬁ’é‘é’ﬁ’ﬁ%’t"’l4@W&O}£O?¥ﬂ€’&%fﬂuf%ed conponents. 10 Were

appr opr irfd fresdaPRivkitfonPRovidds T6r foRNhvtisive beAGinally 085 tchnituss o) |
vessel s and ot her .conponents thatfacilitate the preparatjon of the

t est sanqllestingitkin semplasor @IHQWP’@EPF élﬁ&quSSlc fesies Jndies gomtsit ofdhs BRE or
]ch gre - Wg Ln%%nté y“rggmg valb%?sﬂie" Je%ciﬂnﬂﬁxeé fRatGeIRYA Ble- preﬁ&fjﬁgh f one

15 To gain a better
under st anslbfedayers dfiike skivy, dot draw lntho ﬂnmzbdhh'meimtmgfe:amples ofmqmgmvaswe

| t forth, i d that t
oo | nt BrAOED-HEETTS G R A o IFLRG Ot AERDES BP0l 86 BRI

and ar etd“@épehﬁhﬁﬂgiﬁﬁgkﬂ t&ﬂensientefms GRA& With BIAMAIEOAdid) Stdrile &03b Way .
20EXAMPLES " Ex 17 Analysis of 3895 bp hurman nt DNA del etion The

met hod mettcchmﬂp rheeléfnt watery em b, GRéten B B GCTapiag 97 i KingyBYeilp surmicaing

e s

Skin sampéaealp\memeAmaimg)cﬁmd&day L@Mhﬁm@apﬂ%ﬂéuctums}, daeeaeptﬁloxfrmatléll\si 15

times V\nthasterlles S wer-e Iecte om hee
41), nodbacrafapifiAr &Ia @fln%gmalg%ﬁ“gﬁﬁ forseﬁﬁrﬂglﬁeig e
bUttOCkcélFbctéﬁcro- s BRGk 6 e'S) 30 2 nt DNA was extract ed usi ng a

comercially availl abI e kit (QaAMPT"'" DNA Mcro Kit, product no.
56304, Q agen, -Maryl and USA) accordi ng to the manufacturer’ S

D Ol 8Ot sof16 B R SRR R AOBL O oy b B L AR, ‘ﬁé‘
(o %g? E%Bedlﬂum‘sflfoh I ﬁﬁﬁi: ngyam ﬁ)Eiahjlﬁlﬁ?‘pmmetamel N mﬁmaﬁhumrl eve rof
{ e *S808e4 chet.eprabeBoph SRk e iapr EDR peswe i iapdar sk g Sy

usi ng tRe; hluse thhe@dﬁ@cﬂly% B@ﬁﬁie?l F¥h(thé Qstcetor 'T&llovﬂiﬂé)a BRRGreatniRin® tdIR6dify

California USA) and the follow ng prlmers '
For war d%he (a@aCcEna{he e Aaplg e lgﬁ@—pgatpqtpn tou%for

Revehse%, s AR TpTrsTe %ﬁﬁﬁﬁ@e 3 (SEQID NG 6).

~ One skilled in the art will understand that more than one Sampling technique may be
employed at a single time. Furthermore, where a course of collections are required, for
eXample; fof the monitoring of a skm state over time, the same or different techniques may be
25  used alone or together throughout the test period; In this regard, skin collections may be taken_v ‘

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

One of sklll will also apprec1ate that certain collection methods yield extremely low levels of

. nucleic acids (approxunately 0.1ng) which would not be useful for an assay targeting nuclear
30 - DNA; however, mitochondrial DNA targets that are in much greater abundance ,

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

| eXtremeiy lowyields. The eiamples below show that skin cells collected via the non-
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In this exanple, the pair of anplification priners are used to
anplify a target region indicative of the presence of the 3895 bp

del eti on. rd primer overlaps a spliced regiony ter
8’? §'qh£ Pigse )}/CKEJR%@J 3

del etion bp sequence has occurred (ie. a sp | ce at
position between 547 and 4443 of the nUDNA genone %hbTherefpre,
ext ensi dhavasivemigthods ef 1hap}:ﬂsm upfuentnmarprmd@me‘ﬁ@lenttnﬁa for ebteingigzesults

lif I ' ‘
PR L R A o L A
reaction was set -up as follows: 2512.5ul of iQ Sybr Geen Superni xTm
350nmol d SEQ 1 D.NO. 5); 350nnol r EQ
O NG Ot e 1o SReifietaetkods of iemeb e, SO haeRge) tefad Brovidbda -
25uls 3Gk c&i’écﬁ@i?{e@l’in? ue%tf}ﬁéh hvA9&s thOhisedt 'ﬁ‘sfémees%vab S§u€19 a@tho&ﬁgfed
for 30 seconds; Ste for 30 seconds; 35Step 4

seconds;in Qte@pllwlopbgbveccmﬂs or3pgor{ip swebsofThe sepls sivab 1svempvmigfrc@u uwe
55- 110Cr conds I, n v for 10
m nut es. a%%lln:%%nggss u?glfe?d opa's ?ﬁl Sltg%g?i%esé glg%er% ﬂl{bSlgl aﬁg%cds 1to 3
and denmmppioxatiateln 16 Liewe 1robraetrltasl eﬁsumthhelsuﬁhﬁbns kmba\oﬁa&n t:alseafe doliecred

ar eas r eI ex to sunll ht / diation (ie. ;heel and buttocks) .
and tho y f% g’ﬁ&%‘&&" g Seﬁ Oaéaﬂ!sarasen&wgv@l isfescHedrdoyw by

del gi 0%ﬁfx%fe§éng@ tdd ﬁ@arﬁt: léxﬁﬁ;ﬁé’ aﬁeeﬂemad AP aRo B@ﬁé%ki\fé B8lleBt ékhﬂéaﬁ{ 1ds $)E!
of UV radiation such ™as the nose and shou when corrpare to areas

gener al |the gagiosis e charactarization e disaase cagingy ghe@ssqrﬁ@ weatiolatradiatirh end

butt ock he real time PMcycle
t hr eshol s@%ﬁwﬁm}&?ﬁ@i%?sg&aégﬁl ?I o'thh indicate that there is a

hi gher .i nci dence of the deletlon in skin sites usually (nose or ear)

or occa nal Iy (shoul der k) exposed. to. UV radiation conpared
to thos?g >{]E‘fh%"t’ %E’G'gé’lf g’ersgllﬂe swatyisdeppsitrdinto pytelg fubsc Byiter ayyba e

3 shews hiat oM Rke &%eh&%& ¢h SH0 %M el ﬁte%‘@%%? ﬂﬁ%e#ét&%a?éﬁa@ fi.d hat

are usually exposed to UV radiation (e.g. nos r ears
char act @Ngb@ntwquﬁhﬁr@asﬂm Didkhas thew txttah@d:&aﬁﬁnb ped Ehewn mathods kodhe arhan
nmt DNA col |l ected fromskin cells obtained fromsites rarely exposed 25
to UV radiation (e.g. heel or inner arm

In another embodiment of the present invention, a minimally invasive technique which

~ employs a very small gauge needle (28 or 29 gauge) is used to collect skin cells for the
20  purpose of genetic investigation. In this embodiment, skin cells are collected from the dermis
and epidermis of a subject by piercing through a tented layer of the skin such that little or no
“blood is drawn, but a microscopic amount of dermal and epidefmal tissue is adhered to the
inner core of the needle. The skm méy 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
25 - itis eXtracted fbr_further processing (ie. ‘DNA extraction). To expréss the skin sample fror_n '
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 is extracted utilizing well known
methods in the art. As illustljated by example below, this minimally-invasive methéd for the
collection of a skin sample yields sufﬁcient DNA or mtDNA for the assessment of DNA or
30 mtDNA damage, for exémple, caused by UV radiation. As with the previous émbodirnent,
" thiis 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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These results al so show the effectiveness of collecting skin sanples
I n accordance with the present invention, in order to obtain

suffi ci entydrdoifyesg conduct the assays. As such, the npemg (f%§/bdﬁ§01
skin collection nethods of the present invention are simlar
effective for 30 obtaining ntDNA for analysis as invasive

met hodol ogi es, for exanple, the nethods used in the Appl i cant's PCT

bl W/ : '
publ | 2t e MatoAA9R o1 L 5ad neFRTRIGAOFe Riol siasHee

wer e t estitioDiseaser der to identify 35 which, if any, would yield
sufficient quantity and quality of nucleic acids for nolecul ar
anal yses such as quantitative real-tine PCR The five nethods tested

veres W3 R9QHAARRSRe hsLdPOARE R0dRRA niny RS afléneufdr @ﬁhn?lé £ £8dss

tape; Biore(r) adhesive strip; Sterile swab wetted with 8% mandelic -
aci d; Stskinistae ngenetioeriskeer incembigptian tp kealuaibath gengfiel pvd;sp@mmqrﬁo skipOo

The tap i
of the :&&Aeﬁ do%\g/l\nﬁtriléatn %gflg%gf %%tal?%o#ao \Q@ ﬁgﬁgfi g%ah)g{ép (lfy i ze
the ar eaAstwdmssed Bslour élewmt1ﬁmbnanﬂmnnitdrimgmf tHa& heps aoarmqiortmptmﬂ& :
reaned |ckI swabs were first deposited in.a | e solution
of eit h ?ﬂj‘éth ciiyeiRevepiat v 2 tepnf %%@Fweéﬁ%m%m f irmy
on tjpe %b@aghégn@ghﬂmgﬁg@st 15 after the skin had been cleaned with

70% i sopr opano Foll owi ng the collection of skin cells from3

i ndi vi dual s each col | ection medi um was deposited into 200ul phosphate
buf fered_saline saqal ution (PBS& and incubated overnight at 56C. 20 All
of the Qﬁ@?"é@g\ﬁéﬁé@t”ﬁ@’ﬁ”% éfeéd to nucleic acid extraction using

the Q agg é?ér s, %%Mﬁbgfgdhctss&ﬂcag JI.!IF A8 Shi Ql\%ﬁg%?op m

no. 51304 |ed sanpl es were quant using t
ND- 1000 T&)emdn@p hopopetgrialiog detapplyi themiif smffa:mk nnaxtity- on t(p repplyuatehe

fid - i f y o
B 3o e Rishied L Rlsr stepun pote UaheoRe SlorHeR Ui RlisE tadnsraed o

exposure to UVR. Furthermore, until more recently, sunscreens and sunblocks regularly

applied by individuals during sun exposure generally protected“ against the mutagenizing
effects of UVB, but failed to contain agents directed at the harmful effects of UVA radiation.

20  These factofs aniong others necessitate the availélbiiity of é tool to determine both initial skin
state with respect tb UVR damage and, through a coﬁrse of studies, monitor the success and
appropriateness of preVentative measures and thefapies'being advised to prevent further UVR
damage to the skin. Measuring the level of mitochondrial DNA deletions in the skin of a
patieht by non-invasively éollecting skin samples at regular intervals sucgh as biweekly of |

25  monthly (or any'other suitablé interval) can provide health care profess.idrials'with a real-

. time, quant1tat1ve monitoring tool to compare agamst treatment recommendatlons to
determine their effectiveness in preventing skin damage caused by UVR. This ollec‘uon'
methodology perrmts 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

_30' swabbmg are umquely suited to the detection of mtDNA mutations, as the extremely low

' y1e1ds of DNA prov1ded by swabbmg are suffice for undertakmg such analy51s
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DNA concentration ng/uL A260nm DNA Purity 260: 280 Ratio 1 biore -042
-0.008 0.48 1 swabith water 5.03 0.101 1.6 1 swab with mandelic acid

5.05 0.

10%d20bhoskss3ur i cal tape 2.22 0.044 PCT/CA2008/001801

* Turning now to the examples, in one embodiment of the invention the method is used to

collect skin cells for the qu_antiﬁcaﬁon of biomarkers associated with damage caused by UV

 radiation (see Example 1).  Specifically, the method of the present invention was used to

. collect skin samples for testing for deletions in the human mitochondrial genome, namely the -

10

15

20

25

3895 bp mtDNA deléﬁon described above. The exémple shows that skin cells collected via
the non-invasive method of the present invention provides sufficient mtDNA for obtaining

results comparable to mtDNA obtained via previous skin collection methodologies.

One of ordinary skill.in the art ‘will understand that the non-invasive collection of DNA_‘
samples from the epidermai or dermal layers of human skin for quantiﬁéatioxi of a
mitochondrial DNA target provides a means for a health care worker to monitor the
effectiveness of treatment regimes and lifestyle recommendations for the prevention of UVR

associated skin and DNA damage with the intent to preveht such consequences as photoaging

. and skin cancer.

One of ofdinary skill will also appreciate the utility of mtDNA analysis for use by health care
providers in identifying poor sun habits or' ineffective p:ofection methods. Such uﬁlity is
demonstrated in Example 6, where according to one embodiment of the invention, thé_ results
of sunscreen usé was analysed for two individuals of similar age and skin tone to assess the

effectiveness of sun protection regimes.

Determination bf Photoage

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 segtion,. 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

- of a mitochondrial target associated with UVR damage such as mtDNA deletion. This result

30

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 photoége, the results of an individual’s mtDNA analysis is compared
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4.4 1 wax 3.52 0.07 1.69 2 biore -0.02 0 -0.09 WO
20091046535PCTi CA2008/ 091801 2 swab with water 2.74 0.055 1.97 2 swab

wi th manded g egfiedss 4- 9 0-098 1.82 2 surgical tape 2. 99:0:8%0s/001801

against their chronological age to determine if they have higher or lower photodamage than

other individuals in their age group.

'Thus by ut111z1ng minimally invasive techmques to collect micro-cores of skin tissue for
5 analys1s of mitochondrial DNA markers, health care provides can identify an individual’s
- photoage and determine whether their photoage is: consmtent or inconsistent with their
- chronological age. Determination of photoage thereby proVideé a means for health care
- professionals to more appropriately prescribe preventative and treatment measures to combat
* photoaging, UVR damage or shin disease. ..
10 -
| Determining Genetic Predisposition to Disease
In order to fully evaluate an individual’s risk of photoaging and their risk of skin cancer itis
* imperative that-health care providers are p’rovided with as much information as possible to
understand and communicate their patient’s risk factors. The utilization of MCIR
15 genotyping not only contributes to an 1nd1v1dua1’s susceptibility to DNA damage caused by |
UVR exposure and risk of developmg skm cancer, it provides a valuable tool to identify
patients w1th greater risk who are potentlally in need of more aggresswe monitoring and

treatment measures.

20 The present invention therefore provides a non-invasive method for the collectlon of DNA - |
‘ samples for MCIR genotyping. In accordance with one embodlment of the mventlon DNA
extracted from cells collected by the method of the present invention may be used to 1dent1fy |
one or more allele variants associated with increased melanoma risk. The méthod may be
used to assess an individual for the presence of these variants and to additionally determine a
25  skin type of the individual. The results of MCIR genotyping therefore allows for the
grouping of individuals into specific skin types charactenzed by the associated nsk for B

cancer

Coupled Analytis | , .
30 The combined use of MCIR genotyping and mtDNA analysis provides a tool for health care
professionals to momtor advise and better treat patlents by considering both genenc

predlsposmon and the end results of their sun hfestyle habits. This combined use of assays k

- 20



1.78 2 wax 2.17 0.043 1.84 3 biore -0.26 -0.005 0.24 3 swab with

wat er

3.26 0.065 3.15 3 swab with mandelic acid 2.71 0.054 12.1 3

surgi cal 4apsgnsess0- 049 4.26 3 wax | PCT/CA2008/001801
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15

20
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30

provides a unique ability to simultaneously assess risk factors as well as consequences.
Importantly the MCIR test may be temporally removed from reoeated testing with the non-
invasive collection for mtDNA testing and still be used in tandem As discussed above, this is
poss1ble because the information obtained from the MCIR test will not change throughout an
individual’s life though the DNA damage levels elucidated by measuring mitochondrial DNA

deletion will fluctuate as a result of UVR exposure patterns.

' Noteworthy is- the fact that skin damagé caused by UVR is a multifactorial procéés’.

Accordingly, it cannot be assumed that an individual with MCIR variants will always have
higher damage than an individual vtfithout, nor will it be the ca.se'v that an individual who
reports regular sunscreen use will necessarily have lower damage than one who reports no

sunscreen use. Thus, the coupling of MCIR genotyping with mtDNA analysis provides

“health care workers. with the unique insight they require to make more informed

- recommendations to those in their care.

Evaluation of Ther. apeutic A gents and Skzn Care Products
The method of the present invention may also be used for w1despread skin screemng for both '
medical and cosmeceutical purposes. The method of the present invention may be used for

genotyping and/or to measure various biomarkers associated with skin cancer (both non-

'mel_anoma skin cancer and melanoma). The ability to assess the level of DNA damage in an

individual’s skin due to UV radiation at any time point and from any external anatomical
location provides the foundation for a unique and informative screening test for skin health
and to assess the saféty and efficacy of | existing and new therapeutic agents, skin care
products and skin care regimes. Furthermore, by identifying the specific genetic changes

underlymg a subject’s skin disease or state, it may be readlly 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 inveutioh may be packaged,
depending on the desired application, into a consumer kit or a medical kit to be used ina

clinical environment. Such kits could not only include one or more sampling means, such as
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2.67 0.053 4.25 Wen considering both nucleic acid concentration as
well as the purity of the sanple, the nost consistent results were

achi eved b sanpl es using either water or mapdelhsyodhiighids
a wetti n‘gfxgéze&r??/,ﬁ“%ér@t'he wax. sanples. 10 Next, a PCR was per ormeg0 on

all sanples to determine if anplification inhibitors were present or
si gni f i eterile stkabs, gotéani timsveebs phreedlasyputotherdnaertaly nesessaiyforggnptypine sad/oy .
Sanpl es e bifi. \GC I: to the following conditions: Table
2: PO? %%%tﬁgﬁéonfogﬂg%ﬁgg %%l i fication Reagent Final : S
Concentration in Reaction 10X reaction Buffer | x dNTPs 0.4 mM each

o X T L LMD .t M L as, B R e YRR sy T LA
5  buffers, salts, detection reagents, and the like. cher components, such as buffers and .
solutions for the isola}tiori and/or treatment of a test sample, may also bé included in the kit.
One or more of the components Qf the kit may be lyophilised and the kit may further

comprise reagents suitable for the reconstitution of the lyophilised components.

10 Where appropriate, the kit may also contain reaction vessels, mixing vessels ‘and other
components that,faciii’tate the preparation of the test sainp_le. The kit may also optionally
include instructions for use, which may be provided in paper form or in computer-readable
form, sﬁch as a disc, CD, DVD or the like. | |

15  To gain a better understanding of the invention described herein, the following exémples are
- set forth. Jt will be understood that ’thvese ‘examples are intended to describe illustrative
~ embodiments of the invention and are not intended to limit the scope of the invention in any

way.
20 o 'EXAMPLES

Example 1: Analysis of 3895 bp human mtDNA deletion o
The method of the present invention was used to analyze the 3895 bp mtDNA deletion -
identified in PCT applicatioﬁ n0.WO0/06/111029. Collection and extraction of the mtDNA

2_5 was conducted as provided below.

1. Skin samples were collected by swabbing a skin sife 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=v5)'. |
2. mtDNA was ext;acted using a commercially available kit (QiaAMP™ DNA Micro
Klt, product no. 56304, Q_ia.gen,'MaIYIand USA) a‘ceording to the manufacturer’s protocol.
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5 ul (of above concentration) Water To 25ul 15 The prinmers used were
m tochondri al DNA prinmers having the sequences provi ded bel ow. 12s

primer se Mo§ode§gswar d 5' - CGTTCCAGTGAGTTCACCCTC- 3' Ao V601401
12s pri mar%tgequ/ence reverse R 5' - CACTC TTACGCCGGCTTCTAE%% dbg({)

NO 8) 5 The anplification reactions were cycled on a DNA Engi ne
Tetrad (Bi o-Rad) according to the follow ng protocol: 1. 94C for-

m nut es gﬂg v4 30
seconds% R@%&g@ ?g@ggé§&l?| Hgscggrl 4%§%8?%%1{ fltT ‘lgscggl\;‘?gr%

pr oduct sAsssyr Kit (reduce he@:&?ﬁ@hdme&egknoﬁalafoﬁ% agay asthe @bltahﬂlusﬁomeﬂ:ed ,
with ethidium br The anplificat results are provided in

Fi gure QP roffpd pg- @ﬁﬁ?bﬁ’%&e al‘tf?f@ladg&ont ai ns: Lane 1 500ng 100bp -
GeneRul er SMD323. (Fernmentas) 20 Lane 2 Biore fromIndividual 1 Lane 3
Swab with water fromIndividual 1 Lane 4 Swab wi th nmandelic acid from

| ndilfi ddfal 1 Thalrvelbofdha Hide ap delafien waothen auantiier iyl real-timn BCB (MBCR)r om
I ndi vi d"ﬁ@ng :I:he iQ Sybr Green SupenmxTM (product no. 170-8882, Bio-Rad, California USA) and

the followmg primers:

Forward -CTGCTAACCCCATACCCCGAAAATGTTG 3’ (SEQ ID NO: 5);
15 Reverse 5 ’-GAAGGATTATGGATGCGGTTGCTTGCGTGAG -3’ (SEQ ID NO: 6).

In this example the pair of amplification primers are used to amplify a target région
indicative of the' presence of the 3895 bp deletion. The forward pnmer overlaps a sphced
‘ reglon of mtDNA after deletion of the 3895 bp sequence has occurred (ie. asplice ata
20 . position between 547 and 4443 of the mtDNA genome). Therefore, extension of the
overlapping primer to create the correct size ampliﬁéétion product can only occur if the 3895

bp section is deleted.

- In the step of quantifying the 3895 bp deletion, the RT-PCR reaction was set up as follows
25 12.5ul of iQ Sybr Green SupenmxTM
© 350nmol forward primer (SEQID NO: 5);
350nmol reverse primer (SEQ ID NO: 6);
Sul of template (approx1mately 0.5ng dsDNA)
water to 25ul;
30
Cycling parametersﬁ _
' - Step 1. 95°C for 3 minut-es;.'
Step 2. 95°C for 30 seconds; |
v Step 3. 67.5°C for 30 seconds;
35 - ‘Step 4. 72°C for 30 secoﬁds; |
- Step 5. Plate Read
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25 Lane 7 Biore fromlIndividual 2 Lane 8 Swab with water from
| ndi vidual 2 Lane 9 Swab with mandelic acid from I ndividual 2 Lane

10 Surgi c@o 3@busidsom | ndividual 2 Lane 11 Wax from | ngivicdshdsonisei®
Lane 12 enpty Lane 13 Negative anplification control Lane 14

Positive anplification control Lanes 15-18 enpty 35 And where the
bottdm hal f of the gel conttaicydesafsieps2-5Bi ore from I ndividual 3 WO

2009/ 046535PCT/ CA2008/ 0018 > | & ' i vi dual
SRy 695 55 PIBE Wbl WRET byl i Vi dua

3 Lane 3 __vaab wi t h mandel.i ¢ aci I VI Lane Sur g1 cal
tape from I ndividual 3 Lanét&vdlax from | ndividual 3 Lane 6 500ng
100bp GeneRul er SMD323 (Ferpentas)~10.Lane 7 Biore extract negative
control Lane 8 Swab vm'th»mm$at3§tQ§oétlb%lg?ﬁ've control Lane 9 Swab "
wi th mandelic acid extract negative control Lane 10 Surgical tape
extract negative control Lane 11 WAx extract negative control 15 Lane

12 &9t Yhe eeseltsiod thesgassexsarasioPpin Eigiresh 1@ 4 ARG mqugtipe p cleprdistgigomg t o

Lane 13 . t 1L A£ | | Qn: GO biaf; gl ieat

e, L3RR e Ep e OO ARigO Al vl
buttocks) and those usually exposed (ie. nose and ear). Levels of the 3895 bp deletion are
significantly elevated in areas receiving a higher level of UV radiation such as the nose and
shoulder when compared to areas génerally protected from 18)Y radiation such as the heeland = -

15  the b_uttocks.

As shown iﬁ Figures 1 and 2, the real time PCR cycle thresholds (Cy) for the 3895 bp
- deletion indicate that there ivs a higher incidence of the deletion in skin sites usually (qosé or
ear) or occasionally (shoulder or back) exposed to UV radiation compared to those sites that

20 - are rarely exposed (heel or buttocks).

| Figure 3 shows that mtDNA collected from skin cells obtained from sites that are usually
exposed to UV radiation (e.g. nose or ears) are characterized by increased levels of the 3895
bp deletion marker than mtDNA collected from skin cells obtained from sites rarely exposed

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

These results also show the effectiveness of collecting skin samples in accordance with the
present iﬁvention, in order to obtain sufficient mtDNA to conduct the assays. As such, the
nén_—iﬁvasive skin collection m_ethods of the pré_sent invention are similarly effectivex for

30 obtaining mtDNA for analysis as invasifze methodologies, for example, the methodé used in
the Applicant’s PCT publication no.WO/06/11 1029. | o

Example 2: Comparison of Skin Collection Methods _
Five different non-invasive skin collection methodologies were tested in order to identify
35  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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20 Results No ntDNA was anplified from nm DNA col |l ected from skin
cells harvested using the Biore strips. The swabs for both the water
andthem%gkﬂ idanplified, though the water swab

brightly. ngbs/ﬁQ‘r(sgﬁcal tape anplified sporadically. Thgé\;\ﬁg&@?mﬁsép
brightly however the extract negative control in Lane 11 -of the

bot t5m hal f 'Mpeﬁﬂasiggburgiaslta&cont amnated likely as a result of the
non-sterile pature or. handling difficulties associated with the wax.
Wth %l factr® edSVa¥FPRY this exanpl e demonstrated that the use of
a sterile S"‘@t@ﬁ tiogipf collection of a

non- |e{1va5| ve Ileﬁwgg%eaéeﬂﬁ}ﬁg%gnv\g% can be dry or wetted 30with
various |i quStdnletswab&(ettédwmhélsnldﬂdl\eatmmd or buffering of the sanple.
Exanpl e 3: C{)X}“rp'arj son of Additional Skin Collection Mthods In this
exanl e five"dd tonal nmethods for the non-invasive collection of
sklﬁ,sarrpl es were tested in order to identify which, if any, would
yield sufficient quantity and quality of nucleic 35 acids for

ol ecul dhe mpelify Hore stripand svag waiptwaraepplied tethe surfage ofbRrskin foliomang e

ol Cov HRpiretaRa0 e SetaRie Sl B ik Pl Bt s A0 ey

scrapi Ngypbr &K%gzabl Sdnit@red wemglemhé: owrzbe Sere it desysied iif asterilokolation of
adhesi ve pad (

SureTm ean-.up Pad, Arct%gg fil fromLCf‘M
Macr oc:aprmﬂr@%rmmﬁeu@ geid, o digtiled watprrﬁnfirﬂe% k“»)é@}yo@a TR ARGt
The Ki A b wth a 70% i sopropanol w pe.
The 5/00 e%ﬁg%gr%}gd%ngmﬁgqgﬁ%g@g/gﬁg%l g%lg were passed firmy over the.
skin surface to renpve skin cells and then deposited into a

I e e S P o

nul tipl gegf téc?ﬁﬁd 0051 T%@E}ﬁlawm&ﬁﬁeﬂ%dlmé%bm@oﬁ WBSYiahd ticeltedtvetridit aaci d
extracti on net hods. e first set was extracted usi ng a protel nase K

digesti 8f°@s is well known in the art while the second set was
extr?ct ed using the QaAWMP DNA M ni Kit (Q agen 51304). 20 The -
sanpl'es processed with the Q agen kit were then quantified using the
NanoDr o pAINB-AO@hpEpeetre ﬂnpinsubgﬁctﬂdeo nucl¢iosed extractien Rngithe dagen’s set

o e ool ER P PNCAERLIGL  GlER Rt BRI Sk | Fhepkllien VP
Extract gshnple %élfllum@@wu@ﬁgq@moﬁwpmw Cadol szjetmphowﬁtetwdsde(t@m@eﬁ

extracted le 1D
-~ the extrac’uon procedure was successful.

25 ,
Table 1: Determination of Quantzty of DNA Extracted ﬁom Skin Collected by Five Non-
' invasive Methods '
DNA " | DNA Parity
concentration 260:280 :
Sample ID _ ng/uL ~ A260nm Ratio
Tbiore 042 20,008 048
.| 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 | 44
1 wax . : ' ' 3.52 0.07 " _ 1.69
2biore T | 20.02 0] -0.09
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DNA concentration ng/nl, A260nm DNA Purity 260: 280 Rati o AE Buffer
-1.09 -0.022 1.6 Wodscrape 2.06 0.041 0.95 Capsure 5.59 0.112 1.29

Bl ade 2. 3%y§ 1364653 PCT/CA2008/001801
* [2 swab with water 274 0.055 | 197
5 swab with mandelic acid 49 0.098 182
2 surgical tape . 2.99 0.06 1.78
3 wax | 217 0.043 134
3 biore -0.26 -0.005 0.24
3 swab with water 3.26 70.065 3.15
3 swab with mandelic acid | 271 0.054 | 121
I3 surgical tape 245 0.049 426
o [Bwax 2.67 0.053 425
‘When considering both nucleic acid concentration as well as the purity of 'the. sample, the
* most consistent results WCI'fC. achieved for the swab samples using either watef‘or mandelic
acid as a wetting agent, or the wa:k_ samples. - ' '
10 Next,aPCR was performed on all samples to determine if amplification inhibitors were
present or significant degradation of the sample had occurred during processing. ‘Samples
Were amplified according to the following conditions: | |
Table 2: PCR Conditz'ons for Sample Amplification
Réagent _ ' | Final Concentration in Reaction
10X reaction Buffer 1X ‘ |
| dNTPs 0.4 mM each
BSA 1X
12s primer (forward) 0.4 uM
A 12s pﬁmer (rever'sé) 04uM
[ Taq LA (Takara p/n RRO0ZB 1.25 Units
‘ Terﬁplate Sul (of above concentfation)
Water To 25ul
15

The pr_imér_s used were mitochondrial DNA primers havihg the sequencesA provided below:

125 primer sequence forward 5’-CGTTCCAGTGAGTTCACCCTC-3’ (SEQ ID NO: 7)

12s primer sequence reverse R 5’-CACTCTTTACGCCGGCTTCTATT-3 > (SEQ ID NO: 8)

26



1.41 Blade -ye control 1.19 0.024 0.8 Capsure -ye control 2.47 0.049
1.2 Wodscrape -ye control 2.92 0.058 1.35 QaGEN kIT -ye control 2.4

0.048 1. S%V%%%RJG?% were anplified according to the prg{%ﬂt&%oogﬁ(ﬂg&ded
e 2. on a

i n exanpl npl1fication products were then el ectrophorese
2% agarose gel and stained with ethidiumbrom de. Results are shown
I n gure 5, where the gel contains: 10 Lane 1 500ng of 100bp

GeneRul g, &Mﬁgn Fafoné \x’é'?egﬁrcf.e& %n'g‘.rﬂNA fE’ngi‘BE i[g@.acf:@%-k%) according to the
folloWing protocol: : . ' | '
1. 94°C for 2 minutes | '

2.0 94°Cfor 30 secbnds

103. 64°C for 30 seconds
4. 72°C for 30 seconds
5. Repeat steps 2-4 39 times
6. 4°CHOLD

15  Amplification products were then élecfrophoreSed ,oh a 2% agarose gel and stained with
ethidium bromide. The amplification results are brovided in Figure 4, where the top half of

the gel contains: .

Lane 1 500ng 100bp GeneRuler SM0323 (Fermentas)
20  Lane 2 Biore from Individual 1
Lane 3 Swab with water froni Individual 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 Indiﬁdual 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 ll'Wa_x from Individual 2
30 Lane 12 empty . .
Lane 13 Negative amplification control
La.ne 14 Positive amplification control

" Lanes 15-18 empty

35  And where the bottom half of the gel conta’ins:
| Lane 1 Biore from Individual 3
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Lane 3 Positive anmplification control Lane 4 PK buffer wood scrape
Lane 5 PK buffer surgical blade scrape 15 Lane 6 PK buffer CapSure

pad Lane M’ gg%gégr MacroCap Lane 8 PK buffer I\/acroCap(i@%g%ﬁgm’?@;a 9

PK buf fer scrape negative extraction control Lane

sur gi cal bI ade scrape negative extraction control 20 Lane 11 PK

buf fer CapSure negative extraction control Lane 12 PK buffer MacroCap
negat i igmeiSvabhiithvaefisendiddel 33 PK buf fer MacroCap heat ed
negative extractl on con r ol ga MP surgical bl ade scrape Lane
15 Q aAMPeéyah Cicé‘ih ’i‘gé wood scrape Lane 17 Q aAMP

sur g Caian9|465%€gl§£lia%gq'roﬁﬁmaitvgdﬁ§1§xtractl on control Lane 18 Q aAMP
CapSure pad negative extraction control Lane 19 Q aAMP wood scrape

negat i vIean@ﬁtW@zcﬁDmﬁn@@ﬁwlél Lane 20 Q aAMP reagent negative control

30 The 865391 3t gmlggqgars CapTm were anplified using
t he PK %ﬁd(ﬁgﬁeﬁgﬁ&p ur n@pa _ angl ified well using the -
Q al‘UVPdeémBlthﬁﬁaclmamlvedoﬁtEISkl n swabbi ng, the anount of ntDNA

col l ected and the amount of r’rl)l i fi ed. product obtained using the

met hodsLanes Svebi with Wrier exatice Ve 8l found to be as effective. 35

Exarnpl %ﬁxemalb%ftm&a&hc&iaext?@ sg@ﬁvy@nﬁgl Needl e 5 Needles were
used to collect skin sanples from5 different body.sites of 9

i ndi vi dUarded0 Stingicdd tagpp esﬁrqcésegahm ¢paedl t he eyebrow,  earl obe, nape bf
t he nec and a needl e -as described above, the skin
e e RftetR R b0, 2 | -

was pi ni etween the thunb and forefinger of the sarrpl e
col i gct pinesi2heiply The needl e was passed through the skin, draw ng

Idle';)'E)ISIet f,;r&nl(é o Owge(aér-lr qlﬁcatlonnco%tarmdgpﬁ@%% lga 8 rL { 14 ovct: he need| e by

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

Lane 15-18 empty

20 Results
No mtDNA was amplified from mtDNA collected from skin cells harvested using the Biore

strips. The swabs for both the water and the mandelic acid amplified, though the water 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
25 contaminated ﬁkely asa fesult of the noﬁ-sterile, nature or handling Qifﬁculties 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

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

- Example 3: Comparison of Additional Skin Collectidn Methods
In this 'ex_ample five additionél 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

35  acids for moleeular analyses such as quantitétive real-time PCR. -
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10 buffered saline into the colum of the needle and then forcing the
sanple fromthe needle with a plunger into a sterile tube. DNA was

then extr this volunme containing the skin ti | he
Q aAMPTmM %/516 ~ | t Tm (Q agen product no. 51304). ﬁéH%A%iﬁ&/&HS&I

sanples were then anplified in order to identify the 3895bp nt DNA
del el i oRroniTheingls lnd@aduatl,@hmcsemules mmoﬂc@edcweelsmrwlewmgﬂmthqdﬁi s
exarrpl e were_ the 53 as. for rovi ded above. The results

are present PRl %mg?éf?r‘ ﬁéﬁ{?ﬁ?s for Skin Sanples.collected

via Needl e %@p@k@@ggﬁ@sﬁ%m@mmﬁp@ Sanpl e Cycle Threshold C(t)
Subject 1 left eyebrow 25.82 Subject 6 |eft eyebrow 2115 Subject 1

| eft eearl obest@léygsf@bf@chh@swea:ad(%ﬁum%qglnalp bfxac@trusn) neck 26.26
Subj ect 6 neﬁlk from LCM MacroCapTM (Arcturus) '

10e heated film from LCM MacroCap™ (Arcturus) -

- The skin was first bfepa‘red by cleansing with a 70% isopropanol wipe. The wooden scraper
and the surgical blade were passed firmly over the skin surface to remove skin cellsand then
depos1ted into a centnfuge tube. The adheswe pad and ﬁlms were pressed ﬁrmly agamst the

15  skin without rubbing to collect skin cells

The multiple collections were processed using two different nucleic acid extractiqﬁ 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).. |
20 o | | |
The sémples processed Wlth the Qiagen kit were then quéntiﬁed 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 quantiﬁcatibn.

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

DNA — DNA Parity

concentration | 260:280
Sample ID | nghl | A260nm Ratio
AE Buffer , 09| -0.022 16|
Woodscrape 2.06|  0.0a1| 095
Capsure 559 0.112 1.29
Blade B - 2.32 0.046 1.41
Blade -ve control T 19| 0.024] 0.8
Capsure _—vé contrdl 2.47 © . 0.049 1.2}
Woodécrape ~ve control 292 0.058 - 1.35
QIaGEN KIT —ve control . | 2.4 0.048 | 1.83
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25.87 Subject 1 right hand 26. 73 Subject 6 right hand 27.91 Subject 1
right heel 27.93 Subject 7 left eyebrow 29.89 Subject 2 left eyebrow

30. 85 Sub .l earlobe 19.18 Subject 2 left earl
Subj ect 7%5%3/%%%?9 Subj ect - 2 neck 23.92 Subject 7 ri gﬁﬁcﬁgﬁgooﬁqul

Subj ect 2 rlght hand

Samples were amplified according to the protocol pfovided in exémple 2.

N Amphﬁcatlon products were then electrophoresed on a 2% agarose gel and stained with
ethidium bromide. Results are shown in Flgure 5, where the gel contains: -
10 Lane 1 500ng of 100bp GeneRuler (SM0323)
" Lane2 Negative Ampliﬁcation control
Lane 3 Positive amplification control
Lane 4 PK buffer wood scrape | |
Lane 5 PK buffer surgical blade scrape
15 Lane 6 PK buffer CapSure pad '
Lane 7 PK buffer MacroCap
Lane 8 PK buffer MacroCap heated
Lane 9 PK buffer wood scrape negative extraction control
Lane 10 PK buffer surgical blade scrape negative extraction control
20 Lane 11 PK buffer CapSure negative extraction control -
Lane 12 PK buffer MacroCap negative extracﬁon control
Lane 13 PK buffer MacroCap heated negative extractlon eontrol
Lane 14 QlaAMP surglcal blade scrape '
, Lane 15 QiaAMP CapSure pad
25  Lane 16 QiaAMP wood scrape
© Lane 17 QiaAMP surgical blade scrape negative extraction control |
Lané 18 QiaAMP CapSure pad negétive extraction control -
Lane 19 QiaAMP woed scrape negative eXtraction control }
Lane 20 QiéAMP reagent negative control |

30
The surgical blade scrape and the MacroCapTM were amplified using the PK buffer, Whlle the
CapSure™ pad amplified well using the QiaAMP™ kit. When compared to skm swabbing,
the amount of mtDNA collected and the amount of amplified product obtained using the
methods tested in ﬂn’s example were not found to be as effective.

35

Example 4: Collection of Skm Sémples using Needle
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27.01 Subject 7 right heel

27.05 Subject 2 right heel

35. 55 Subject 8

| eft eyebrow 21.82 Subject 3 left eyebrow 29.64 Subject 8 left
3 left earlobe 23.51 Subject 8 n?eg/

Subj ect. 3 TLAWHSES

22. 47 Subject 8 right heel
Needles were used to collect skin samples from 5 different body sites of 9 1nd1v1duals The

5

10

15

Subj ect- 8 ri ght hand 16. 35 Subj ec

body sites included the eyebrow, earlobe, nape of the neck, hand, and heel.

Fhiown

rignt

‘Using a needle as described above, the skin was pmched or tented between the thumb and

forefinger of the sample collector’s hand, The needle was passed through the skin, drawmg

little or no blood. The skin sample was extracted from the needle by 'd.epositing phosphate

buffered saline into the column of the needle and then forcing the sample from the needle

with a plunger into a sterile tube. DNA was then extracted from this volume containing the
skin tissue using the QiaiAMPTM DNA Mini KitTM_(Qiagen prbduct no. 51304).

- The samples were then amplified in ordei' to identify the 3895bp mtDNA deletion. The

reaction conditions and cycle parameters for this example were the same as for example 1

provided above. The results are presented in Table 3.

‘Table 4: Results for Skin Samples COllecied 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 , 2626 Subject 6 neck . 2587
Subject 1 right hand 26.73 | Subject 6 right hand 2791
Subject 1 right heel 2793 Subjéct 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 T27.05 |
Sﬁbject 2 right heel 35.55 | Subject 8 left eyebrow 21.82
Subject 3 left eyebrow . 29.64 | Subject 8 left carlobe 21.32
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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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 WO

27. 74 SubjecC

ons S At soant S5 ¢ ek 25 08 S g
right heel 23.58 Subject 9 right heel . ) '

Subject 4 neck . . 24.96 | Subject 9 neck 27.74

Subject 4 right hand . 25.93 { Subject 9 right hand 25.24

Subject 4 right heel -23.58 | Subject 9 right heel 22.39

Subject 5 left eyebrow 2235 — 1

Subject 5 left earlobe T 2439

Subject Smeck 22.06

.| Subject 5 right hand 22.04
Subject 5 right heel 226

10

.15‘.

* cotton tip was placed within the subject’s mouth é_.nd the cotton tip was rubbed on the inside

20

25

* analyses such as reaH:im'e PCR.. S_p'eciﬁéally, the ainpliﬁcatibn product indicative of the

3895 bp mtDNA deletion has been detected and quantified as evidenced by Table 3.

3 4

" Itis clear that the méter_ial obtained through this collection method is sufficient for molecular

Therefore, the collection of skin samples via the needle cdlleétion method yields sufficient
DNA for use in an assay of this kind. | '

Example 5: Detection of MC1R Variants

Buccal samples were collected from three subjects. Each subject rinsed their mouth with tap

or bottled water and expelled the water. A cotton swab was removed from its protective -

packaging and grasped by the handle. While holdir’ig"the handle of the cotton swab, the

of the cheeks for 30 seconds. The swabs were placed in sterile tubes and sealed for further

. processing.

Detection of specific alleles was detenninéd using ABI’s a gPCR Tagman SNP genotyping
assay. Each subject was tested for the seven allele varianfs‘D84E, R142H, R151C, _Rl 60H,

D294H, V60L, and VO2M.

V60L-Assay #C751905410
' D84E-Assay #C751905520
| V92M-Assay #C203340520

32

" The genotypes for D84E, R142H, Rl 51C, V60L, and V92M were identified using ABI
assays (https://products.appliédbiosystems_.conﬂab/en/U S/direct/) as follows:



22.39 Subject 5 left eyebrow 22.35 Subject 5 |eft earlobe 24.39
Subj ect 5 neck 22.06 Subj ect 5 right hand 22.04 Subj ect 5 right

heel

10

15

20

25

30

22. 6 w0 2000/046535 PCT/CA2008/001801

R142H-Assay #C2754163410

- R151C-Assay #C203340420

.Cuétomized primers and probes, as listed below, were used for the detection of the D294H

allele variants. .

Forward Primer MCIR-294: CGCCCTCATCATCTGCAATG SEQID NO: 9
Reverse Primer MC1R-294: GGCTGTGGAAGGCGTAGAT SEQ ID NO: 10;

| Probe 1 MC1R-294V1 VIC: CCATCATCGACCCCCT SEQ ID NO: 11;

Probe 2 MCIR-294M1 FAM: CCATCATCCACCCCCT SEQ ID NO: 12.

The reactions conditions used for all assays were as outlined in the Custom TaqmanTM SNP

Genotypmg Assays Protocol

The R160H allele variant was tested for using a Sac IT digest. Primers were used to amplify a
target regiOn of DNA in the MCIR gene. The amplification product was then subjected to a
Snc IT digest. Lanes 1 to 4 of the gel (see Fignre 12) show the results for the three tested
subjects and the control sample.- All four of these samples wore homozygote wildtype. The
size of tho amplification product indicative of a homozygote wildtype for this allelic site is
436 Bp, which after SAC II digestion yiélds 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 i in Figures 6 to 12 Two tests were run for each 1nd1v1dua1

and a control sample was also tested: tw1ce The control sample genotype was a heterozygote
for V6OL, homozygote variant for Vo2M and wildtype for the rema.mmg alleles. The first
individual tested was determined to have Type 3 skin (no MC1R variants found) The second
mdmdual tested was deternuned to have Type 3 skin (no MC1R variants found) The third
individual tested was deternnned to have Type 2 skin (homozygote for variants V60L and
R151C and heterozygote for R142H). - '
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5 It is clear that the material obtained through this collection
method is sufficient for nol ecul ar anal yses such as real-tinme PCR
Speci fi cakyyzoob/pRsampl i fication product indicative of bBfCRERP0AR0

nt DNA del _et(lyon has been detected and quantified as evi denced Ey Talbl e
3. Therefore, the collection of skin sanples via the needle
col | 2ct i'd# dﬁ%tt%ahwéfﬁagl obtafirer diranah s cprextip® pefhog ' filagen dardJCoR
this ki BghotfprdMRRciFicalBe RGN bf MNARaNMds 3 the BllCsRdwab 30 RS VT €
collected fromthree subjects. Each subject rinsed their nouth with
tap or Bwthodgipldseublicient N foeubaia apfaesayiaf Bes kind.cot t on swab was
removed fromits. protective 15 packagi ng and grasped by the handl e.
Wil e holding the handl e of the cotton swab, the cotton tip was

pl aced Wixhinple 6: Mmatysiy efdhé EffeativieesaofiSuldercen®egimési p was rubbed on -

t he bns" de of the cheeks for 30 seconds. The swabs were placed in
steﬂ_ l e Qndhg seal ed for further processing. 20 Detection of :
speci fi gvad ligl@e yWRsmAR! & UVRCGhMStdSes \BlvtiRnR HabFurARHERYiSM cue that -
genotypi ng assay. Each subject was tested for the seven allele

vari ant §v@egRsurRic| N harpsaged RTBO Fiequopeand syetity oferythv@ala often usedrmen
gg:’]g;yg&% éa g@l}zt}g&ss Bt 4L ﬁdi\%ﬁf'gz’sunvgrgﬁabﬁc?nngab\l@.z Movv\s’%\r/ee}, it (iise W g\gn»that
(htt ps: UV oehibustesaqopkireatidi DIy daevage baril o oY ddbl eice@bit ehasndcadchowsd
V60l - Assay . #C7519Q5410 4E- Ass C751905520 V92M Assay _
4Co08 24995 C%i%aqil%@%@wé@?@%’eg@g 5 1 jus aseenapioseerodish whergby an
Cust omi zRkidi HBHS saidreBl YBEBrot@fing HRhBEVAEI AWt WR Lyl eHinkRl -
det.ection of. the %28941rl al 1 e?reo var%"ant S. VForg\%m}é{r"sd Prel nmer I\/ICan-%gﬁecw

CGOCCTCATEXBORtomhas sSEeyingzvriomode prtongedsexppyurerian Key RopBlhave otherwise

GCCTGT D 410, Proh -Mz. 1R- 294V1 WI.C.

T A TR o BB A AR g v
CCATCAT CEAGRCEETCSE dn aN(alth 2are Phavides awinldomstakonldiabdeiBatipebuded vedd |
ass%s re.as outli neclﬁiéﬁ t he Custom Ta nThi SNP Genotypi ng Assays
Pr otBcoPCg kR 50 Brse| Uk dapags Whin iRcfacttas palient yips el bsggapraigeteq from
di gest. URIA BRI StiMBE Sk Eoll@stBIR Jebyhign20 target region of DNAin the
MC1R gene. The anplification product was then subjected to a Sac Il
digest. Lanes 1 to 4 of the gel (see Figure 12) show the results for

t he the : i _gan ' . |, four. qf  t e
sampl oo el Sul BhERHE LGes SR1Lr E RSB pioracplit Sia iERG
pr oduct ir thelepidérmiecalectad hithrazytat evabiak tigylacintedvald fiich asbiv@blilg oBmbthiys
436 gp, whi ch a%%ﬁ"t& SAC |1, .dige tg%P .yi el ds a product, of 327 bp. In
hond2y g BP0 AT BFaté chts Poeyidergiich p el HineArentifative wemigring fopk toporppare
anpl i f i gadidspRedhBstdonREMREMhs ¥ ddertlifahaf i § of the
tests are shown in Figures 6 'tSo (12. Two %g@%ﬁﬁgﬂ%@ﬁe@%@ﬁeﬁ% ‘
i ndi vi ddemhagesared by .0l sanple-was al so tested twice. The control
sanpl e genotype was a heterozygote for V6OL, honozygote variant for
VO2M and wi |l dtype for the remaining alleles. The first 30 individual

t est ed Whis coddctommetwdologhpermitd yHpeladsaaipling (MithoddahiRsMaeifed bs disesniret.
The,secand indi.vidual teste s determned to have Type 3 skin (no
VC1H0 y al Pestrad 3 %Weﬁﬁgs’?wﬁ?vgﬁ A ardriadsns ?aég%an%xﬂx Odeekvhichwquido

have Tygas bé uSdfulfof AOIRAYEREEnS ﬁfcle\éﬁDN%rﬁo%veV@fqm@dﬁgmﬁﬂa? BN ARets such
het erozygote for R142H). - o ‘ :
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.

35 Study:
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WD 2009/ 046535PCT/ CA2008/ 001801 5 It is clear that the materi al
obt ai ned thr ough this collection nmethod is sufficient for MCIR
genot ypi n§yo SR6RIcical |y, the collection of DNA sampl egc¥icRadoBBo1sor
buccal gY) FI ection met hod y| el ds sufficient DNA for use (lsonﬁan
assag of thls kind. ~Exanple 6: Analysis of the Effectiveness of

r

Sunseér edhe REHYHE @@U%%@ﬂ@ﬂﬂﬁsw m\;@rmévmg]éocg e kabifsponeffiative hat
causes I

ae oo ST ARHRUR Rctonadolfd b B BB R ch OBl AU IBARKRE SR MY
a neas [tmE Fhtign 26241 nof usersunsectiens a abliwhsle Patienp 22 excd sarscleersi df&ctwely

1 ¢ Ve s DR SRR ade B RSB RC0b hahs Aimec T RAE

cont ai ngelea&@ QEdrsinto 1 Be 8 83 ba telbli@Ckiivging\Wish IERISoFDINARRRBEOfrbE SVRAL ed
mhereby an indjvidual using sunscreen was, protecting.thensel ves

agailflst ckprsursrthanRabignt23q (wherg adrfTediftsrense l@vmnml@nt&a ke frdd differance iy

even no e ?P@ﬁéﬁ t he
mut agenﬁﬁgaﬁ@q@c?}%ﬁ &ygér%%?%l Vi IV|ﬂlr111 ?ﬁﬁé&g £t\§4tslﬁg%r %I d
self-r epmotlateﬂahntdhmygwwld bcnsmnlaemseqarvdleat Hedi30 5 deletion qonpieddmhthmul d
m st akenl y.assess asu bei reven

armge WRRENYS St EHETpac Bit IVZEoRSE B ERCD2 4 e ANbVA and
ul ti mat kasumbsll GuéRWelaibirkll diff@enRE YuchiagBunsésert@er i €d out in Exanpl e
1, msasurl ng the |l evel of the 3895bp mtochondrial DNA deletion in

t he 1@pi derm's collected with a cotton swab at regular intervals such
as bi V"e%bbéﬁpaﬁém&vw Eédﬁﬁfzrg&&\éf&%i‘ﬁ@ b} &are providers with a
real -tine, quantitatrve nonitoring’tool npare agai nst treatment
recomTehdatl ons {CTdg8%r nj ne their effbct [ ver ess in preventing skin
damage taused by R. Th|§ col liecti on |ret hodal ogy pey g%fts regul far
sarrplinb W t hout y si.de| effe¢t or dijsconforit. 30 Th GHB yi el ds
ext reme| palrmt eyedisidd) nUAGE ¢ sExi ds (@apr oXiswst el y Qun%agénm'ch |
woul d npt_bhe useful fof an assay targeting nuclear DN owever

i nitochpndrial DNA targetps such as the 3895b|c Dt et i pn are in nuch
gr eat erj abund e (ap mat,el 000 -l ter) d are unijuely
suited [o a cg Jad oihgfr)r%t ho gw)fvtl% suclh 1913 % §/’i el ds. ’
35St udyf. WO 2008/ 046535PCT/ CA2008/ 001801 The uﬂgm[lty of mDNAT .
del etiop analysis in jdentifying poor jsun habits or jneffective '
prot ect|on me§ Pods i s2¥hpnsEBa é‘é}alﬁy tBrevined Betes of | Yo i ndi vi dual s
of simiar age and—skKinm tone. Pati ent ZuZz grd-Tot—usesunscreens - at
al | while Patient 225 used sunscreens effectively. Their levels of
damage reflect this behaviour with Patient 202 havi ng approxi mately a

10 fold_gre uantit e, 3895 n|nd catln

| evel s ﬂﬂi—?eii ‘}fﬁ‘ﬁﬁ)&&] 5@5@‘2‘8&2& tiogtp Lredi 2%“(%@‘?9@8 of 3
CT QbffShﬂ@a&eR%%ﬂM' valent to a 10 fold difference in:target
gquantity). Though phenotypes of these two individuals indicate that

ri sk for UVR associ at ed skin danmage vvoul d be simlar or equivalent,

the 389% oIIec S
able to gg%rﬁﬁsl%r atth#E I?‘grlgat I gbgﬁg{gﬁ a% gr ea r I'S kaSSOClal ed&#ﬁ%
due 't o bmhmvkaeas aprody fdrestimateg thaﬁfecasensssrtsfsmeme t@ﬂneslﬁ; \iFeﬂbdsahé :
Patient dg{eg;uhelltﬁma ?9{4(5'1? \I;arggtc hadlisis Elgmonstrateggga W where two patients-having

25  similarage, skin colour, and sunscreen use have different levels of DNA damage presumably '

-as a byproduct of different MCIR genoty_pes.' Patient 300 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 sc.o're‘ similérly on the Fitzpatrick phototype scale (Type 3) the increased
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PATI ENT CT (3895 bp deletion) AGE SEX Hair Skin Effective Sunscreen
use 202 23.16 25 Male Black Dark Brown No 225 26.06 28 Fenuml e Brown

WO 2809046535 PCT/ICAZ008/001801

5 susceptibility is reflected in a 3 fold greater level of DNA damage in the Patient having the
MCIR variant than in the patient without (where 1 CT difference is approximately 3 fold

" difference in target quantity).

Table 6: Comparative Analysis of MCIR Variance and miDNA Deletion for Two Patients

WCIR Variant {Amino Acid Bositon)
Tiof Effective
3896bp ’ Skin | Useof
PATIENT | doletion [ 60 | 84 | 82 | 142 | 151 | 160 | 284 | AGE | SEX Halr | Tone | sunscreens

563 1 ) 0] G| ©] O 42| Femal | Biack | Oive | Yes
G| AN 6] 0| 8] 0| @107 T 45| Female | Brown | Ofve | Yes
10 |
As previously discussed, skin iiamag_e caused by UVR is a multifactorial process and,
accordingly, it cannot be assumed that an individual with MCIR variants will always have
higher damage than an individual without, nor will it be the case that an individual who
reports regular sunscreen use will necessarily have lower damage than one who reports no
15 sunscreen use. Combining these two tests provide the health care provider with the insight
they require to make more informed recommendations fo those in their care.
The following two tables illustrate this point as individuals with variants and without are
generally equally represented across the DNA damage spectrum.
20
Tables 74 & 7B: Comparison of MCIR Variance to Level of DNA Damage
A,
% of % of
population population
with without
variants variants
low damége v 30 70
average damage 37 63
high damage 44 58
B.
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Li ght Bei ge Yes Exanmple 7: Analysis of MCIR Variants and nt DNA
Deletion to Predict Effectiveness of 20 Sun Care Regi nes The conbi ned
utility o ng both the DNA danage with the UVR

3895 bi onéxf(gydabgis%%% proxy for estimating the effecti veng'g/?go(*()%(ﬁgm
care regimes, as well as the determination of MJR variant status is
denonstr at ed bel ow where two patients having 25 simlar a ski
col our ,

presu
has no

danmagi UVR on| téhg has ¥ne| vadli ant
at amr _ %m.f Qg ?c Eyemg fToggh f )Qot e 48at | entss .
are ver ar pul dl scare siml ! ;tél_p‘trlgck T

phot ot y K3 T‘y; ezm%)ot he? i|ner ¢aded M

2009/ 04 7 00T47/ 00189 bSsuscepti bi Ti ty is reflected in a) fold
greater W(Rbm%tsdanage in the Patient having the MC 1k. variant
t han i €3, CT difference is approximately 3

Q,E
fol d a'l“*ffe?%ﬁsce“l‘?"ﬁhefe”? Al L /5 £ .6 Conparative Analysis of

MOl RO iFARERTNY Y T?e?"emm'(;)va"afﬂ){ Vs%y\-/g\og atients 10 As previously
di scus¥&d Pa@ﬁﬂ“ﬁﬁﬁh@%"a?&ﬂgmd’ B OVR is a mul tifactori al process. and,

accordingly, it cannot assuned that an individual with MC it

vari anke Pt damage el SORP0RstepR ) frdsionBERIR R EH" an i ndi vi dual wi t hout

nor wat High | Averdgeand #peve damsee SPURERY) iHlpFs FArev PRSIV RN P r @R PSPl gul ar
sunsgreen use W || necessarily have |-ower danmage than one.who reports

no 15s-unscreen use. Comnbining thes t est. de t al.t
care prORicdesPLoR Sipbseree lﬁéhedk?% Ei?se%%nr“@n?‘ierﬁﬁ BjerﬁlF%n P H?e‘?'% ly
recommendalh &‘%mh‘an h‘?&?hbﬁbt%&e iThe&Aafantd Bitanfind AQDbEEKdneB0 bbb Sre

illustrate t I S poi nt I ndi'viduals with variants and w thout are -
gener al mydee-q@a&tsblyced ypthe bondaserge pppidalion perhepaindisatingdhal et yoigHe 20

1ab! o pé?ra ndionsts Oggoﬁazgﬁubﬁ% 1danthbERE: 3Nt BN 1R QaitSlouBled WHRRABASE A

10 visual cues such as fair skin or red hair, indicating increased risk result in a con51stently

higher level of damage in carriers.

Table 8: Comparison of MC1 R v60 and v92 Variants to Level of DNA Damage

15 ' Pooled Proportion Tests Usin Only v60 and v92

nov Patients with no variants .

one v Patients with one heterozygous variant in v60, v80, or v92

tv\ro v . Patients with two het variants or one homo variant in v60, v80, and/or vo2
>0v Patients with at least one variant in v60, v80, or v92
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wi t hwi t hout vari antsvari ants | ow danmage3070 aver age danmage3763 hi gh
damage44 C. WO 2009/ 046535PCVCA2008/ 001801 no v Patients with no

variants ents with one heterozygous vari ant or
%@?%o‘é?{@%%is i’ET/%?Q(}O%/X@g%,

v92 two v S Wth two het variants or one hono vari

v80, and/or v92 >0 v Patients with at |east one variant in v60, v80,
or v92L‘I_“bv(1°‘1’_?fW96%(ﬂ'B§§)'ﬁ’f‘%ﬁi’ﬂi’a’d&‘(”f’T"ﬁb%’e‘t??i’@“"éf’ﬁ‘hdard devi atj on above
po WP Higho rAvefeatid ohgve AamapegirupARfis lasg BenaprEeap B IPEaten PR REPUBTBTIN® C(t) is

| essst han one standard devi ati on above popul ation nean 5 An

exception is in th Xt -two,.ta en consi dering onIy
vari ant X%P'“%yﬁ"&‘i‘le%? mpling ‘?" ‘%"Wi“f‘ﬂ”’hﬁ'llgt{”tm%‘k phenot ype. These
var i ant g ,alidigbhdl ot faf mhRs ukd Qﬂ‘bsmﬁ@na@%%ve%ﬁph&m%cédaﬁrc%wea fethian

t he I.ow damage popul ati on perhaps indicating t their unig
conbi nanu@momﬂn@lmmfmﬁm purpose! guateaing élé/Paexp@sw is ppvifed prb)oar iants

oy PL :f' F%pl thehe | A% ktés%f ¢ Pth: S48 p fiead Such s s %{10 n% §r n%ﬁé ﬂlﬁ Brcmf &&E *19%1{

gase resualt in°"a“consiste
damage kmalt gaugk aeslle (D8 lgh@e& expalimpthe s0dro@brelhitd BoMﬁGn Epleﬂomﬂﬂg Madldiant s

to Leve laclc? th?alélﬁorl?gnr&an%eeasurmg the amount of a m1tochondr1a1 target assouated with UVR
damage such as the 3895bp deletion (see Example 1). This result is then compared against a
database of results and classified into an age cohort based upon the level .of 3895bp deletion' ,
The database i is created by measurmg 3895bp deletlon levels in multiple md1v1duals in5 year
‘1 5 intervals from ages 0 to 80 years, finding clusters or means for each interval, removmg
outliers, and correlating the range of level of 3895bp deletion with an age range. For
eiample, CT values from 21.5-23.5 may co'rrelat'e_ with anvage range of 45-65 years of age.
The results of an individual’s test would be then compared against theif chronological ége to
- determine if they have hlgher or lower photodamage than other individuals in their age group,

20  and assignthema photoage based on their result.

To creafe this database, microcores were collected from 289 individuals at both their earlobes _
and brow ridges. ' As shown in Figure 13, following DNA extraction and quantification of the
level of the 3895bp deletion the database was constructed as described above with age

25  cohorts fallmg 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

30  skilled in the art are intended tq be included within the scope of the following claims. .
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15Pool ed Proportion Tests Using Only v60 and v92 1*Mle:-" NQY2. :Qv4d
Odfi entsad4: ::11i,:, ri 19 1 20 11lgtH ghr 63 29 92 no v Patients
with no variants one v Patients with one heterozygous variant in v60,
v80, or v92 two v Patients with two het variants or one hono vari ant
in ve0, v80, and/or v92 >0 v Patients with at |east one variant in
v60, VMECIAIM;92 |ow Low damage group; C(t) is one standard
devi ati on above popul ati on nean vg + Hi gh Average and above danmge
group; C(t) is less than one standard devi ati on above popul ati on nean
5

1. A diagnostic method for determining the skin state and genetic predisposition of a
subject to UVR damage, combrising:
(a) assaying a skin sample from the subject for a mitochondrial DNA (mtDNA)
aberration, wherein the aberration is a 3895 bp mtDNA deletion between nucleic acids
546 to 4444 of the mtDNA genome;
(b) assaying a tissue sample from the subject for one or more melanocortin 1 receptor
(MC1R) variants, wherein the one or more MC1R variants are selected from the group
consisting of D84E, R142H, R151C, R160H, D294H, V60L, and V92M; and
(c) determining the skin state and genetic predisposition of the subject to UVR damage
based on the detection of the mtDNA aberration and MC1R variant(s) in the skin and

tissue samples, respectively.

2. The method of claim 1, wherein the skin sample is obtained using a non-invasive or

minimally invasive skin collecting technique.

3. The method of claim 2, 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.

4 The method of any one of claims 1 to 3, wherein the skin sample is collected from the

dermal or epidermal layer of the subject.

39



Exanpl e 8: Needl e Sanpling for Determ nation of PhotoAge An
additional tool that makes use of a mninally invasive sanpling
procedure coupled with a mtochondrial marker for the purpose of

eval uati ng UVR exposure is provided for by sanpling the skin tissue
on the face or head such as the earlobe or near the browridge with a
10 smal | gauge needl e (28 gauge), expelling the mcro-core into
solution, performng nucleic acid extraction and neasuring the anount
of a rhit ocHB#e Oty pee chelains Liodw Wiptel R/Rkin sangle istriyed ombe
3895bp deletion (see Exanple 1). This result is then conpared _ agai nst
a dat a¥Eb&08¢: p arrfu,seaé,,{ggglp,ggglpfql@at, PhRUeRPUigel OBfIbfacenRrRPESf Hisaipck.
the |l evel, of 3895bp del etion. The database is created by neasuring
3895bp"a7d) %‘?qdoﬂr?‘é‘s}@t?'gatloﬁ BPiple individuals in 5 year 15 intervals
fromages O to 80 years, finding clusters or neans for each interval,
removing outliers, and correlating the range of |evel of 3895bp

Cor i R o RO g AR S B Bl
M L S R R R
i ndi V|%%agisg{]?pﬁqi?g]agg%r%rptyﬂ}cego and assign them a phot oage based

on therr r rea S ‘dat abase, microcores were collected
from 289 individuals at both their earl obes and brow ridges. As shown
in Figure 13, follow ng DNA extraction and quantification of the
level of them3dgdaha rﬂﬁit@?i%@sﬁﬂ}@ct’g%s?gﬁ&eto%e%mﬁ/é BEhBFp8Stic treatment
descri bed above with age cohorts falling into 3 groups having a

si gni fioegttoddidg OVRNEMABNEIaR disBayB, ERfPHsHE: - Al t hough the invention
has been described with reference to certain specific enbodi nents,
vari ous nodhfagsayingaFirst Bieh espléifion e satearfeni ritocHdhass DNA (mtelA) n
the art without departing fromthe spirit and scope of the i1nvention.
Al l such nubefraiol whaginathe wbertadioh & AR I VhtDNA deletiosbedhddnl rRdieicacidse
art are intended to be included within the scope of the follow ng
clainms. W54GLtAUAM4S of theédmtDg gesdne; net hod for determ ning the skin
state and genetic predisposition of a subject to UVR damage,

conpri si ng:(b) {sspyiag 8 diysusgarmpikirom fergubject fooone dreneranjedatochrtin 1aeceptor
m tochondria! DNA (ntDNA) aberration, wherein the aberration is a
3895 bp nt HME& 18 Manants wheteiretba oneiof mpts MC R yarkangs are s¢ledied difomt the graubNA
genone; (b) assaying a tissue sanple fromthe subject for one or
nmor e el anc@osisting of DB4EeRt4zH, RIEIC.H} 1604k P3AdH, VaRkeand YO4Mie one or
nore MCLIR variants are selected fromthe group consisting of DB4E,
R142H, R1510), detergning he skip staiesend geqetic medispositinn of the subiackiond VIR demagee
skin state and genetic predisposition of the subject to UVR danage
based on tﬁ@s%?'éﬁ’leid@??cg?” piibe MUPINA ahgreaticadn Bs K gkivsamrpigand dht @) o n
the skin and tissue sanples, respectively. 2.The method of claiml,
wher ei n thé“%rﬁi@p%ﬁiaé Si"%”‘t%tsé'i“%%“%%"i ng a non-invasive or mnimlly
i nvasi ve skin collecting technique. 3. The nethod of claim2, wherein
the skin sanmple is collected using a sterile swab, cotton
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tip swap, a small gauge needle to collect mcro-cores of skin tissue,
or a conbination thereof. 4. The nethod of any one of clainms Ito 3,
wherein the skin sanple is collected fromthe dermal or epidernal

| ayer of the subject. 5. The method of any one of clains 1 to 4,
wherein the skin sanple is derived fromthe heel, nose, inner arm
ear, nout h, (dspRViging@ueentaling ar erapelis tragdrent frf@kotopgipg, UYfagamage ehe
neck, hand, head, or a conbination thereof. 6. Use of the nethod of
claim 1 forSkSr@eHasei ng phot oagi ng, UVR damage or skin di sease or for
determning a roghylactic or therageutic treatment for preventing or
anrel { or at i HE) BIGYDSGiISRE AR SR BB IUbiPcE R REmONA a8 R Tod T or
noni toring subject’'s response . to reventative or therapeuytic
(reat ment r QoG stspnkh S0 ot iy B AR st LGB L g ond
(a) assaying,a first skin.s I romthe subject, for g.mtochondyia!
bR (e D) OsBarpieih 45 ot 3R s phe st fontieBheshane st Su e ARt
del etion between nucl eic .acids.H46 t 4 f the enone..  (b)
assayi ng a W CelRRRT TPt el 886 Brmdsti B HENECER Rton

el anocortitner%br ﬁ‘%ﬁgécf%rt%%w\égé%g}%m s%ﬁﬁéﬂdthe one or nore MCIR

variants are sefecC consi of D84E, R142H,

R151C, R16 , QQH? t i Nl Sk :
and geneti 3%?%?@902%{9 %ﬁ to %@gﬁﬁuhbafééﬁ%n F‘% %@g&%ﬁ%ﬁe&@g?@giﬂgﬁht@] gt
detection b UViCaHdRsraRRE GabLied chdhgblfh the hﬁbNa%b§rr§tﬁ>ﬁp' e and the
one or nore MCIR vartants 1n the tissue sanple; d) providing a
preventative or therapeutic treatnment for photoagi ng, UVR damage or
skin disease; (e) assaying a second skin sanple fromthe subject for
the MONA alRIhthb®8f claifnf?) wheBif dd $6h S4reMss drdobibd(UBingd ndnBiBsive or
intervals over a prescribed period of tinme; and (g) conparing the

| evel m@hikdl§ inkBNAsiah eolleatingtacteduaeen the first skin sanple and the
skin sanples taken at regular intervals to detect changes in the

nt DNA aberration, thereby nonitoring the effectiveness of the
treatnment; and (h) optionally, adjusting the treatnent based on the
geneti& pr edhespetbod ofareimfs, wheresLthg @ot-intvasild/ét diamsadle ireasivé bidn delteetiriged
changes in the m DNA aberration. 8. The nethod of claim7 wherein

t he skiechrsqueplospriseseotdditiag asdffisent@maeuntofithe sempleve yield ultraniowddejs of DNA,
i nvasi ve skin collecting technique. 9. The nethod of claim8§,

wher ei suchlae ahout-0. hgefinugleigradid. ni mal |y i nvasi ve skin collecting

techni que conprises obtaining a sufficient amount of the sanple to
yield ultra low | evel s of DNA, such as about 0.1 ng of nucleic acid.
10. The nethod of claim7, wherein said regular intervals are

bi weeklG; orTheohethed,of claim 7, whakeinmesif wpulstintesyalggyetbiyeskly asfosty.ve

t herapeutic or cosmeceutic agent for the treatnment of photoagi ng, UVR
damage or skin disease, conprising; (a) assaying a first skin
sanple froma subject for m tochondri a! DNA (nt DNA) aberrati on,
wher ei H-t he* Q‘SH}OP&? POReIY r%%gfgeoﬂbe RSB COPPRCHUE GBI TiRS ei ¢

aci ds t?edé?méra o?é#o oe(ljgfing}, rL]R/F{Téamagegoef\gfgilrﬁn(ajisease, comprising;
(a) assaying a first skin sample from a subject for a mitochondrial DNA (mtDNA)

aberration, wherein the aberration is a 3895 bp mtDNA deletion between nucleic acids 546 to

4444 of the mtDNA genome;
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(b) assaying a tissue sanple fromthe subject for one or nore

mel anocortin 1 receptor (MC1LR) variants, wherein the one or nore MCIR
variants are selected fromthe group consisting of DB4E, R142H,

R151C, R160H, D294H, V6QOL, and V92M (c) determning the skin
state and genetic predisposition of the subject to UYR damage based
on the det &) PERYBY artisausganmple Berathagybinet fon opeer mpregpelanqcArtddnsrertend
the one or nore MCIR variants in the tissue sa

b can (ETRISBEGMS Wiersih e e FRSHIOTR \aBTis ore et ack oo

mieh ¢ fRosting ot Bafh MEREL RRFe tunt Vel andVeRlt © &) Ceompar i ng
ocond ski derddiEiEg ek Stk aht ottt Bresisnas ot the S dVS chiGge
o 1 et o M SdiberBh of R TRRRA R eud P Mo R el il P e or mare

The ne f. of ¢clajms 1 to 6 or 7 to 12, wherein the tissue
sanpl e&ﬂt}grﬂvgﬂae'%%fﬁggsssggf%@ r‘rapri ses a skin tissue sanple, a buccal

i | . I i i 14.
St o IS B ALy P LK AAME ST b
P SB0%LID, B 85k b RN AT} S 4

priners, pr ' I\ i r
PACHED ene AP RARRISEEMEAR KBt b TGRAR I e

etection of a mtochon

aber r a§iiP&ample againdVa&ofird té BeteiRheaiRERBREQ bf itfe Re@BERiCRI cHEFdRutical
del eti on between nucleic acids 546 to 4444 of the nt genonme and
wher ei gyehie MC1R genot ypi ng conprises the assaying of one or nore
MC1IR vari ants selected fromthe group consisting of D84E, R142H,
R151C, R160H, D294H, V6O., and V92M
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12. The method of claim 11, wherein the first skin sample and second skin sample are

obtained using a non-invasive or minimally invasive skin collecting technique.

13. The method of any one of claims 1 to 6 or 7 to 12, wherein the tissue sample for the
MC1R assay comprises a skin tissue sample, a buccal tissue sample, a muscle tissue sample,

or a nerve tissue sample.

14. A diagnostic kit for determining the skin state and génetic predisposition of a subject to
UVR damage, comprising:

(a) material for collecting tissue samples; and

(b) suitable primers, probes and reagents for carrying out melanocortin 1 receptor
(MC1R) genotyping and the detection of a mitochondrial DNA (mtDNA) aberration;

wherein the mtDNA aberration is a 3895 bp mtDNA deletion between nucleic acids 546
to 4444 of the mtDNA genome and wherein the MC1R genotyping comprises the assaying of
one or more MC1R variants selected from the group consisting of D84E, R142H, R151C,

R160H, D294H, V60L, and V92M.
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