- Method and/or kit for determ ning response to nuscarinic receptor
antagoni st treatnent Field of the invention The present invention relates
_to nucIeL& %ﬁﬁﬁmgygifications in the nuscarinic 5 recaptiXNgosmessTs or

determ ni 8 e response of a subject to nmuscarinic receptor antagoni st
treatnment for eye conditions. The invention also relates to a nmethod and/ or
kits for detecting the nucleic acig nodifications for determning the
response of the subject. 10Background of the invention The eye is a
conpl ex organ responsible for vision. In the normal eye, light rays are
focused on the retina. However, in eye condltlons such as nyopia or
nearS|ohtedness Ghnishat the
i mge Mgt @8l -6 i AS EST near obj ects can be
clearlgegﬁﬁgﬁbut 15 dlstant objects are blurred. Nyopla is especially
preval ent anong Asi ans and has been reported to be as high as 70-90%in
Asi an countries. In Singapore, 20%of children are myopic at 7 years, with
t he prEﬁ%L@H@éﬂéEEQ@Hing 70% upon conpl eting col | ege education. Mst
commonl y, treatnent of myopia include the use of corrective | enses (such as
gl asse?;qerpréé)éﬁﬁﬁflerhtﬁms\@étegrtoZﬂJdest;ramd inveditigaiongrigelhy [WEEHTHE LASIK). In

addi ti on, nuscarini c receptor, antagoni s t have

beeh UERGEPY JEEER el fﬂq#%mﬂiﬁts‘gr*a@g? ?@o%u@e&ﬁﬁhﬁ%gﬁ%@{ﬁ%%{g@op( Chua et

al . Qﬁ@gng@( %Qﬁhéd{ 1f0|t@ﬁe abhdre Tre hoemtidrasisd refatesyieda opshothi ch i s
S

adni ni t opi cal inic,rec or _an LAPY is a
proven anétdnddtsofmz@e’fﬁéfﬂf& @h%@q%%l%c*%r'ﬁagﬁggﬁ'% d ﬁ?"'eiﬁﬁ‘ﬁ rﬁt’[ggw Il be
keen to t thod of treatnment. However, not all myopic subjects
respon&esgbé’z’g%%%q Q{bi dgrtar opine adm nistration. In responsi ve subj ects,

adm ni stration of atropine results in the retardation of the progression of
nmyopi a.. However,, e} of 2 non-responsive subjects continue to
def ri%@&é@@%—@%%n ni stration of atropine.

The eye is a complex organ responsibie for vision. n the normal eye, light rays

are focused on the retina. However, in eye conditions such as myopia or
nearsightedness, there is a refractive defect in the eye such that the image Is
focused in front of the retina. As a result, near objects can be clearly seen but
15  distant objects are blurred. Myopia is especially prevaient among Asians and
has been reported to be as high as 70-90% in Asian countries. In Singapore,
20% of children are myopic at 7 years, with the prevalence exceeding 70%
upon completing college education. Most commonly, treatment of myopia
include the use of corrective lenses (such as glasses or cantact‘ lenses) or

20 refractive eye surgery (such as LASIK).

in addition, muscarinic receptor antagonists, in particular afropine, have been
used to retard the progression of myopia in human subjects (Chua ef al., 2006).
Typically, the atropine Is formulated in eyedrops, which is administered
topically. As muscarinic receptor antagonist therapy is a proven method of
25 retarding myopic progression, many subjects will be keen o consider this
method of treatment. However, not all myopic subjects respond positively to
atropine administration. In responsive subjects, administration of atropine

results in the retardation of the progression of myopia. However, the myopia of



- The nmechani sm of action of the m wuscarinic receptor antagonists n the
retardation of nyopia is not well understood. The reason why sone subjects

5 respond _to erapy and some do not remnains uncl egfrsdhBs@eiion of the
muscari ni M?é%@%?ﬁ? antagoni sts in nyopia treatnent may ?nvol ve the

nuscarinic receptors, of which five subtypes have been identified, m- nﬁ
(Klett et at, 1999). Although the scarinic receptor antagoni st
pirenzepine may be relatively selective for the m receptor (Tan et aI.,
2005) it is uncertain if other 10 nuscarinic receptor antagonists interact
with any, sonme or all of the nuscarinic recept ors to bri ng about

retardation of nyopia progression I\/Uscarl re i gt therapy
for ny@anaewswr@vw%ﬂﬁ%gﬁ’fgma? tPn@?tief'P'éﬁt? ngte 36% 'Q’S r%ﬁ{?lﬂ Eosm bl e
short tepppmeonplications of nydriasis, glare, loss of accommodation. In
addition, there is the possi b|||ty that the subject 15 may not be able to
take part in outdoor activi t| e Further, | on term 5ot enti al ﬁgrrpl i cations
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relatively selective for the m1 receptor (T an ef al., 2005) it is uncertain if other
10  muscarinic receptor antagonists interact with any, some or all of the muscarinic

recepiors to bring about retardation of myopia progression.

Muscarinic receptor antagonist therapy for myopia may involve years of
instillation of eyedrops, with possible short term complications of mydriasis,
glare, loss of accommodation. In addition, there is the possibility that the subject
15 may not be able fo take part in outdoor activities. Further, long term potential
complications include cataracts and light induced maculopathy. Many myopic
subjects are affected by the condition at a young age and it takes great
discipline to persevere with the treatment regime of administering the eyedrops

over many years.

20 It would therefore be desirable to have a method of determining if a myopic
subject is likely to respond to muscarinic receptor antagonists therapy before

beginning the therapy.



5 a sanple isolated fromthe subject, the genotype(s) of the subject for at
| east one nucleic acid nodification of at |east one nuscarinic receptor
gene and/or its transcriptional and/or translational QS ein the
genotype(ggy%Wm¥ﬂ%zsubject for the nucleic acid nDdlfﬁiatlo%?g¥&?§
correlated to the probability of the subject responding to the treatnent.
10 In particular, the eye conditiog to be treated is nyopia. The nuscarinic
receptor antagoni st nay be selected fromthe group consisting of atropine,
benztropi ne, darifenacin, dexetimde, dicyclomne, dinenhydrinate,

di phenyhydram ne, fl avoxate, glycopyrrolate, homatropi ne, hyoscyam ne,

i patropi um orphenadrine, 15 oxybutyrin, pirenzepine, procyciidine

hydr oc of ne, scopol am ne, solifenacin, tiotropum
tolterodine and tri hexyphenidyl. The list of nuscarinic receptor antagonist
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I'nic receptor gene is m nuscarinic receptor gene or a
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hel i casatatmpesdemt baﬁplad&dc’?&@mdhe QroUTISENHEIIE Pt aHEPHEBEIFIPHIS on referred
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solifenacin, tiotropum, folterodine and trihexyphenidyl. The list of muscarinic
receptor antagonist provided is not intended fo be exhaustive and accordingly it
“is understood that other muscarinic receptor antagonists not listed may be used
for the invention. ‘

20 .
In addition, any of the muscarinic receptor genes, m1, m2, m3, m4 or m5 are

contemplated in the method of the invention. Prefarably, the muscarinic
recepior gene is the m1 muscarinic receptor gene or a sequence at least 85 %
homologous fo SEQ ID NO: 1 or a fragment thereof. SEQ 1D NO: 1 is derived
25 from the sequence having a GenBank accession no. NM_000738 but has the
single nucleotide polymorphism af position 1 353 indicated as n, where nis C or

T.



15 transcriptional and/or translational product. Further, the nucleic acid
nodi fication may be in one or nore alleles. In addition, the nucleic

nodi fication nmay be in a codi ng and/ or non-codi ng regi ‘ carinic
recept or é’%‘h@.@g’%lﬁccor ding to another aspect, the pr egg% Ef'otr‘llg/gﬂr?%n

provi des a probe for determ ning the response of a subject to at |east one
muscarini ¢ receptor antagonist treatnent for at | east one eye condition,
wherein the probe is for determninfy froma sanple isolated fromthe

subj ect the presence of at least 25 one nucleic acid nodification of at

| east one nuscarinic receptor gene and/or its transcriptional and/or
transl ational product. In particular, the probe hybridises and/or is

conpl erfirt methddoofadetérmisingdhe nueiaiaecis moddigafipnmaydneludadbis els

transcrd ptional d/or.translatio Fodug: risi a one

nucl ei é'"ﬁ%‘idg %Ddtﬁ%r@gz[aiﬂéﬂ, o] 'l’&tregg%%krﬁr%ticﬁ]grglg? ﬁgﬁr‘g Ekg%ég?%i trtlﬂgel at% %éinot her
aspect ,sdgenting e polyomerass attesint eadios (RERY etaminétionn ragment depgiise of a

subject to at |ea e scari.nic receptor . antagoni : for at

| east &F&Vr@@h(‘%‘ha%lf%mm%e& 'QEWS%% |n§8r?%aﬁbgicg?'é§?@g%%>’di ng to the
i nvent iAo FREREyHRRST Mibloanidd chipe shitgrisesalleld gyeeifit ambliftatianes two

met hods to deternine the genotype at rs2067480; iﬁ% iIIustragjes

det er nisn@pshet Bynirsesteneng oSirehggfiERECE HPBYHRRHP N ERP A RECPE)

i Il ustraLe: tShsRadden C8d C b BgLienER S fRGU eitesiFichior ghwier 1(B) are
represerﬁ%g%t%i %@ﬂe?ﬁgm}?%%nd 7. 10Definitions "Determ ne" or

" det er mialicage dapentent empiifiektoit or cone to a deci si on about by

i nvestigation, reasoning, or calculation, or to settle or decide from

10 The nucleic acid modification referred to in the method of the invention may be
at least a single nuclectide polymorphism (SNP), a double nucleofide
polymorphism (DNP), a nucleotide deletion, a nucleotide addition, a nucleic
acidamplification, a rearrangement of the muscarinic receptor gene and/or its
transcriptional andfor translational product, and/or alternative splicing of the

15  transcriptional and/or translational product. Further, the nucleic acid

modification may be in one or more alleles.

In addition, the nucleic modification may be in a coding and/or non-coding
region of the muscaﬁnic recepior gene.
20 ,
According to another aspect, the present invention provides a probe for
determining the response of a subject to at least one muscarinic receptof
- antagonist treatment for at least one eye condition, wherein the probe is for
determining from a sample isolated from the subject the presence of at least
25  one nucleic acid modification of at least one muscarinic receptor gene and/or its

transcriptional and/or transiational product.

In particular, the probe hybridises and/or is complementary fo at least one
muscarinic receptor gene andfor its transcriptional and/or translational product

comprising at least one nucleic acid modification or fragment thereof.



. alternatives or possibilities; "determ ne" or "determ ning" enconpasses the
meani ng of "predicting" or "assessing". 15 A non-coding region of a gene
woul d include but is not limted to areas that exert ' t he
gene, suﬁﬁoﬁ@mﬁﬁﬁﬁﬁters, gene activator and repressorﬁgﬁﬁtlﬁgﬂggﬁgs and the
i ke. "Nucleic acid nodification" includes, but it is not limted to, a
singl e nucl eotide 20 pol ynorphi sm (SNP), a doubl e nucl eoti de pol ynor phi sm
(DNP), a nucl eotide deletion, a nutleotide addition, a nucleic acid
anplification, a rearrangenent of the nmuscarinic receptor gene and/or its
transcriptional and/or translational product, and/or alternative splicing

of the transcriptional andlor trans|.ational product. . nce differs
bet weehcenstingr & anothRE 28pedi & (NYENHER \XE%?F%Q? ?‘gﬁ%%rhij%ﬁ%%“é’g}‘r@% t he

or gani - 091y Nl RO bhE ennedarn pitepon( AE)orstitezadment t wo si ngl e
5 pol y‘f?%%’f"éég"?gggb‘%‘gﬂl‘g&nér p%ﬁl sns, and includes the ci r&:jmstan es tv\/nen the two
SNPs afoe ahdsddtioneeelyeh exndition. daehkib sy consRpzs M ArbG BEreP ™ i "ot i des, on
di fferent, st rtands of the same nucleic acid nolecules, or on different

nucl ei BBV ) ecul es. 10 "Deternining the genotype of a subject with

respect to a nucleic acid nodification" refers to determ ning the genetic

const i Byl desaiptionoé iffureshe subj ect for that nucleic acid nodification
and includes determ ning the absence or presence of the nucleic acid

modi fi gat |0 : WG} Qicke®Gihg tAB Hdnoglel ainsROBPL8Z e sever al
al ter ngfqu\%snl @pgt\r/aatgggtg\’;aoﬁgﬁmget erm ni ng thecb .
ilustrates determination by restriction fragment length polymorphism and (B)
illustrates determination by sequencing. The sequences in Figure 1(B) are

represented by SEQ ID NOs: 3 and 7.
10  Definitions

“Netermine” or “determining” means to find out or come fo a decision about
by investigation, reasoning, or calcuiation, or to settle or decide from
alternatives or possibilities; “determine” or “determining” encompasses the

meaning of “predicting” or “assessing”.

15 A non-coding region of a gene would include but is not limited to areas that
exert and influence the gene, such as promoters, gene activator and repressor

binding sites and the like.

“Nucleic acid modification” includes, but it is not limited to, a single nucleotide

20 polymorphism (SNP), a double nucleotide polymorphism (DNP), a nucleofide
deletion, a nucleotide addition, a nucleic acid amplification, a rearrangement of
the muscarinic receptor gene and/or its transcriptional and/or translational
product, and/or alternative splicing of the iranscriptional and/or franslational
product.

25
A single polynucieotide polymorphism (SNP) refers fo a DNA andf/or RNA

sequence variation occurring when a single nucleotide in an organism’s DNA



15alternative or variation in the subject. "Correlation of a genotype of- a
nucl eic acid nodification to the probability of a subject to respond to
treatnent’ refers 7}‘10 a correlation or link between thepfpstab§o@sisd

nodi fi cat W&ZG&H@“’{ e likelihood of responding to the treatnent or not. For
exanple, this includes the SNP rs542269, wherein a C at the position 20 52
of SEQID NG 2 indicates that a subject is likely to respond to nuscarinic
receptor antagonist treatnment. In afot her exanpl e, a DNP genotype
conprising (i) for the rs2067480 position, a C at position 1353 of SEQ ID
NO 1 and for the rs542269 position a TT at position 52 of SEQ ID NO 2
indicates that a subject is likely to not respond to nuscarinic receptor
ant agonisfuehceatiifers atdeén | lneameres obt ther SDRIEEg e (Rt ISEVeHANPFIEY | )

i ndi cates that a subject ii§ i kely to respond to nuscarinic receptor

ant agonTEPMPFIRERINTE WePP Mt er s t o confidence interval. 30 A probe refers
to a DNA or RNA nol ecul e which is conplenentary and/or hybridises to a
target PNAIRILIRNPos LGB almdlympbfslnmséﬂl\lli’b IrFfHSe tenditasy Smgiﬁjen':]i Ly t he
DNA or RNA sequence. Prohes may usu e | abe tangar t hods,
for Sexap@vrucigaiigicoRRlYMeEISBE: %ﬁjﬁlfﬁ\iﬂ%ﬁ g'éecgﬁ u%@ﬁ%%%ﬁf%rg‘%xgvﬁ e, probes
may be gﬁﬁg 42 S&ligsleddhdtiabessss otierPhéparatddNby sethee naeleptidex | ardi ng singl e
nucl eot 1 de pol ynorphisn(s). 5 A priner refe[\rs to a oligon cleotjde to

whi ch déifisent Bbands ebhedsamanycleis asidBWIeRHes: SR SUTS/RBE AUESICRY ngl e

pri mer eclgl%ﬁused to anplify a DNA or RNA region, for exanple, for

sequenci ng. "A primer pair usually conprises a first prinmer conplenentary
to one strand of a DNA or RNA nol ecul e and a second prinmer conplenentary to

a secon trand of, a € sisM pLi MRekid | #iki ng a
t ar it eﬁ?‘nﬁ%tp%gg%@?t%eo eaﬁgjﬁ%eyftWyF%p%%Aqgo%y@r Rse. 15 Detail ed
descri phidafficafionheafervientetermifirg i @enetn cosstiution 16 makeum el ther

det th f bj.ect_to. : <A t
ant agonPURoEt BR LR 51 madttatbio ) iy E e ARG e EEe " ccopt o

det erm Bt ggasérrc%moa tRaMRh@eit Satiat eedffication hends ulsheret the eidi@inoagipe of the
subj ect r at |l east one nucleic acid, nodification o east e

, : f,at |
muscar i mogificagent ePMgERE SRUPG AHINAIVER Qi NRTRRE: aq?g?%‘?m{"rgar#@?ati onal
pr oq;?.u_ct s{tg\&ﬁ%{i\?. Br{i%t%ﬁqlﬁh}@)%tﬁé{jpf the subject for the nucleic acid
icC S

nodi ion IS correlated to the probability of the subject responding
"to the treatnent. . . e s
“Correlation of a genotype of a nucleic acid modification fo the probability of a
subject to respond to treatment” refers fo a correlation or link between the
nucleic acid modification and the likelihood of responding to the treatment or
not. For example, this inciudes the SNP rs542269, wherein a C at the position
20 52 of SEQ ID NO: 2 indicates that a subject is fikely to respond to muscarinic
receptor antagonist freatment. In another example, a DNP genotype comprising
(i) for the rs2067480 position, a C at position 1353 of SEQ ID NO: 1 and for the
rs542269 position a TT at position 52 of SEQ ID NO: 2 indicates that a subject
is likely to not respond to muscarinic receptor antagonist treatment and (i) any
25  other DNP genotype than in (i) indicates that a subject is likely fo respond 1o

muscarinic receptor antagonist treatiment.

“o1 refers to confidence interval.

30 A probe refers to a DNA or RNA molecule which is compiementary and/or
hybridises to a target DNA or RNA sequence and may be used to locate and/or



25 According to one particul ar aspect, the invention provides a nmethod for
determ ning the response of a subject to at | east one nuscarinic receptor
antagnoni st treatnment for at | east one eye condition c .Sl

det er m ni W 208948Ydm a sanpl e isolated fromthe subj ec{’)&%gﬁ%b%@gg@nce of at
| east one nucleic acid nodification of the m nuscarinic receptor gene or a
sequence at least 8 85% honologous to SEQID NO 1 or a fragnent thereof.
The ml nuscarinic receptor gene (chfm) resides on chronosone 11 and
consists of 1 |large exon which contains the entire coding region of the ML
muscarinic receptor (ML receptor), a menber of the O-protein coupled
receptor (GPCR) superfamly 5(Lucas etal., 2001). Several single nucleotide
pol y nonigetitsyhe( RS RNA tbquance. doeptomayesealiabe idsdindiyestanddreéd (Lucas
and Sadee., 2001) In partjcular, two.palynorphis int carinic

r ecept Gretheds RaG@mR nrqdd‘é?ﬁtw]e[ye‘a" WQR%HéreﬁPgﬁ?eW”ﬁfaﬁ%'erﬁbgren%g' aving a
link tobhes aRllbetosealtodiesedt Bfdrehees SPNAGIH RNAUSARhOES, inelading or -

antagoni st treatnment for myopia. The two 10 pol ynorphi snms are the rs2067480
and r sBIEHS9ugePideRPrnerlisIBYh of which have been previously descri bed
(Magda et al., 2006). The rs2067480 pol ynorphismis in a coding region of
the m nuscarinic receptor gene and is at position 1353 of SEQ ID NO 1
(Lucas AarpinBadesers 200 oliganudiectity denydinte deaxuianuglesligeemeady Peenbank

accessi o moe ko 0F) winkil Spi [(Nalgl ' R eshiiar 7983015.
The po|%’&‘%ﬁ %%Nb p@g@%g%%%%) %‘gﬁmbémg?ilt%g? b%hucs%!]&ﬂogatﬁ}ﬁ nc%ccor di ngly, when
bot h alRhesgiensocexenpiel & setengiogy mor phi sm at rs2067480 can be CC, IC or
TT.

10 A primer pair usually comprises a first primer complementary to one strand of a
PNA or RNA molecule and a second primer compiementary to a second strand
of a DNA or RNA molecule, with both primers flanking a target DNA or RNA
region, to be amplified by a DNA polymerase.

15

Detailed description of the invention

The invention relates to a method for determining the response of a subject to at
_ieést one muscarinic receptor antagonist treatment for af least one eye

20 condition comprising determining, from a sample isolated from the subject, the
genotype of the subject for at least one nudleic acid modification of at least one
muscarinic receptor gene and/or its transcriptional and/or translational product,
wherein the genotype(s) of the subject for the nucieic acid modification(s) is
correlated to the probability of the subject responding to the freatment.

25

According fo one particular aspect, the invention provides a method for
determining the response of a subject fo at least one muscarinic receptor
antagnonist treatment for at least one eye condifion comprising determining,
30 from a sample isclated from the subject, the presence of at least one nucleic

acid modification of the m1 muscarinic receptor gene or a sequence at least



The rs542269 pol ynorphismis in a non-coding termnal region and is at
position 7991332 of the chronbsone 11 conti g sequence (Genbank accession 20

nunber NT _033903). This position is indicated in capit Lebel d in the
portion oWQW@’%‘)ﬁV&rmsorre 11 contig reproduced bel ow \AﬁéTr‘/%%taﬂée/%goéi tionis

i ndicated by a C. The nunbers on the | eft above the first row indicate the
position of the first base on the chronosone 11 contig NT_033903. This
position relates to position 52 of ®5SEQ ID NO 2, indicated by an "n"
where "n" is Cor T. 9 7991281 tggatccagg ccgtctgcct ccgagaccaa cctcttgaac
cctactcctg cCcttgaggg 5 gttgcggggg tttgccagec tcottgceccca cctcagctag
cttactcaag cccaactttg aatcagttaa cgatgagcaa tcggtocttc fttcagaatc

t ggcct @St hbatotigpagdg SER TheNpol lyan e fragnenit thesmioPee thmMUseaEither a C or
a T. Accordingly, en both all ' ; hi sm at
SRR B Bl At e

el’'es are 90n5|dered for both
r s 2067 4@0cia e nt0d 476 Sntitdh eodiagotegimn carthdeViCooCscaidT reamta, (MTcc, CTCT,

CUT, TTCC, TTTC and 151111. Lnt ti th 0..pol hi sm d
not | r eYarapiot, armAmRG Glcte Enuaba Gl cernids AR SRR L o, focS
ser 451 ( Lucas andofaderveri@igle hiciadttis pommarpleismsSEREEY optieymdr phi sm i s

I n a non-codi ng region. These pol ynorphi s may..alter mRNA stability which
in tur renegtongsrahavechean Wentted (yeed grd 33esH Y W n the response to

treatment and myopi a progression. According to one enbodi nent, the
i nvent ion oy elVeEs, GaLSLRHIERE it iR SANALYREIN recepiicnehavedmtenat
r520674{§8)d{@£%rh sagrr(gPe iﬂssol ated fromthe ,subg ehct o .
identified by the present inventors as having a link to the ability of a subject fo
respond to muscarinic receptor antagonist treatment for myopia. The two
10 polymorphisms are the rs2067480C and rs542269 polymorphisms, both of which

have been previously described (Maeda et al., 20086).

The rs2067480 polymorphism is in a coding region of the m1 muscarinic
receptor gene and is at position 1353 of SEQ ID NO: 1 (Lucas and Sadee,
2001). On the chromosome 11 contig sequence {Genbank accession number

15  NT_033903), this poEymorphEsm is at position 7983015. The poiqurphism at
rs2067480 can be either a C or a T. Accordingly, when both alieles are
considered, the polymorphism at rs2067480 can be CC, TC or TT.

The rs542269 polymorphism is in a non-coding terminal region and is at
position 7991332 of the chromosome 11 contig sequence (Genbank accession

20 number NT_033803).

This position is indicated in capital and in bold in the portion of the chromosome

11 contig reproduced below where the posifion is indicated by a C. The

numbers on the left above the first row indicate the position of the first base on

the chromosome 11 contig NT_033903. This position relates to position 52 of
o5  SEQ ID NO: 2, indicated by an “n” where “n"is C or T.



. I'n anot her enbodi nent, the invention involves determ ning the genotype of a
myopi ¢ subject at rs542269 froma sanple isolated fromthe subject. 25 In
yet anot her enbodi ment, the invention involves detern g ot ype of
a nyopic'@gﬁﬁggFmg% both rs2067480 and rs542269 fron1§ﬂ?2%%®gﬁ?§§?ated from
the subject. 10 Further, in one enbodi mrent of the invention, CC or TC at
rsb542269 position for both allelesgindicates that a subject is likely to
respond to nuscarinic receptor antagonist treatnment (a positive result), 5
I n anot her enbodi nent of the invention, (i)a DNP genotype conprising C at
rs2067480 and a TT at rs542269 indicates that a subject is likely to not
respond to nuscarinic receptor antagonist treatnent (negative result), and
10(1 i) aMF2BNF genotype other than that in (i) indicates that a subject is

likely, to.respon CalDk & eEept:Qly-ant @GRt Sitot E@alERAGy (pOSi tive
resul t JY9TRR otcggé&egrn%gd?gr?lggt of the invention, 15 (i) a DNP genotype

CO”PrigiéglgggfpEtEGEéﬁchSQHE@zﬁéﬁbaaBdtéﬁddfaatcﬁﬁa5@2%69c¢¢ﬁﬁccat@s that a
subject is Tikely to not respond to nuscarinic receptor antagoni st

t r eat neRcaBegatyyegdestl tygotamd o kkjcaunptDNR GyehetFped ei™®e€F Y han that in
(1) indicates that a subject is 20likely to respond to nuscarinic receptor
ant agoni st treatnent (positive result). Determ ning the genotype at
rs2067480 and/ or rs542269 nay be carried out by

10 The polymorphism at rs542269 can be either a C or a T. Accordingly, when
both alleles are considered, the polymorphism at rs542269 can be CC, TC or

TT.

When both alleles are considered for both rs2087480 and rs542289, the
genotype can be CCCC, CCCT, CCTT, CTCC, CTCT, CTTT, TICC, TTTC and
15 TTiT.

interestingly, the rs2067480 polymorphism does not result in an amino acid
change in the corresponding pdlypeptide at serd51 (Lucas and Sadee, 2001).
In éddiﬁon, the rs542269 polymorphism is in a non-coding region. These
polymorphisms may alter mRNA stability which in turn may affect cellular

50  functions involved in the response to treatment and myopia progression.

According to one embodiment, the invention involves determining the genotype

of a myopic subject at rs2067480 from a sample isolated from the subject.

in another embodiment, the invention involves determining the genotype of a

myopic subject at rs542269 from a sample isolated from the subject.

25  In yet another embodiment, the invention involves determining the genotype of
a myopic subject at both rs2067480 and rs542269 from a sample isolated from

the subject.

in one embodiment of the invention, a C at rs542269 indicates that a subject is

likely to respond to muscarinic receptor antagonist treatment {a positive result).



restriction fragnent |ength polynorphi sm (RFLP) or sequenci ng. However

ot her 25 nethods of ascertai ning SNP genotypes which are known in the art
may be used. For exanple, methods of ascertaining SNP geprLYRE&s Mz ch are
readily s%é%?@sf% handl e many sanples nmay be utili sed.6 Tﬁese t echni ques
include but are not Iimted to nodifications of mcro PCR systens,

m crofiuidic chip systens, allele s@ecific anplification, nultiplex

| i gati on-dependent probe 30 anplifi¢ation, snapshot m ni-sequencing or the
i ke. Other nethods include 11 conpeting nethods of DNA anplification that
are not based on PCR such as strand displacenent anplification (Becton

Di cki nson, Franklin Lakes, NJ), transcription _nedi at li.fication

( Gen- Prrobtier, o cneSahbosiggst o ,mH%E‘l“é'ird:?%@irg- %éhﬁgﬁgg‘?‘@ggéljﬁ% lification
(New E . 5 8hiccMB) iikaly 1O © MRlcdithic sedagiad from any
body fl%glllﬂggg%l%g@?r% grqﬁéf Fojr, exarere, the sanple may be isolated from
t he bucmtdgoniatdsmtmehbr pordivegeawt). secretions, tears, conjunctival tissue,
cornea cells, blood and/or saliva. The isol ated sanple may be used
directly. Alternatively, DNA may be extracted fromthe isolated sanmple. 10
The zpr a5 eRbiten eaiiddimeanaithe imventiethod as wel | as the construction of a
commercial assay or kit to determ ne the response to nuscarinic receptor
ant agoni st treatnent for nyopia. In clinical scenarios where the desire to
commence tr gt MeRpNg dgs@awee@brbyrian@mmm@m arftba 1T ref4228% of the 15
treatnent, a quick and relatively non-jnvasive genetic, assa be
perforned. Accor didighigs ¥k %ﬁéeéﬁi 5 el f%ﬁ‘%%%%@ g mp%@a?%i’c per f or ni ng
the method of ! hecidpepbiraBonisiedtrient Wgdeysatyfnd deter m ning t he

response of a subject to a east one rnuscarinjc, rece{%t or antagonist for at
| eaBt one ey#) coraiytDYR.genotype other than that in (i) indicates that a subject is

likely to respond to muscarinic receptor anfagonist treatment

(positive resuit).

in another embodiment of the invention,

15
(i) a DNP genotype comprising CC or TC at rs2067480 and a TT at
15542260 indicates that a subject is likely to not respond to
muscarinic recaptor antagonist treatment (negative result), and
(ii) any DNP genotype other than that in (i) indicates that a subject is
20 likely to respond to muscarinic receptor antagonist treatment

(positive result).

Determining the genotype at rs2067480 and/or rs542269 may be carried out by
restriction fragment length polymorphism (RFLP) or sequencing. However other
25 methods of ascertaining SNP genotypes which are known in the art may be
used. For example, methods of ascertaining SNP genotypes which are readily
scalable to handle many samples may be ufilised. These techniques include but
are not limited to modifications of micre PCR systems, microfiuidic chip
systems, aliele specific amplification, muitiplex figation-dependent probe
30 amplification, snapshot mini-seguencing or the fike. Other methods include



. 20Accordingly, the kit may conprise at | east one probe according to the
i nvention. The probe may be used for determ ning the response of a subject

to at Ieasft one muscarini c receptor antagoni st for at ﬁ&%‘i%zu% gye
condi ti onVO M2 cul ar, the probe may be conpl ementary 16 at |east one

muscarini c receptor gene and/or its transcriptional and/or translational
product conprising at |east one 25 nucleic acid nodification or fragnment

t hereof . The probe nmay be used for et ect i ng at | east one SNP, in
particular, the SNP at position 1353 of SEQ ID NO 1 (rs2067480) and/or the
SNP at position 52 of SEQ ID NO 2 (rs542269). 12 The kit of the invention
may further conprise at | east one neans to detect the g{cﬁfgn e of the

| abel | ednpreting. méthodsl @f DN areplitisrideh inal Gra st esed b He" Bt accordi ng
to the _inventi : I 0 g r&Q0mr I8 AUy | east one
pri mer S@@ﬂ%rl ?g%ag‘g’é&pwkﬁgﬁ&é%ﬂ? gg@g{&ﬁeggt‘ o{neL%'c()éI%rrer,zase, and/ or
at | eastarebepticesmedzted ameiifigationatGen-Frele Ins-afgnHaieoas fédt NUSIBE ki t
according to the inventiaon. d K onprising at

| east G BRGYRSICEOBREY F‘E]F’Hﬂg%é@ (ﬂé}%ﬂb%ﬁg; or %%S’aBt%% éé%’g’t% f)‘fie pol ymer ase,

and/or at lest one restriction enzyme. Having now generally described the
i nvegnt i sdrplesanebaiiddiatbd from eny dzdly| fiid andied sraiedald Fohr¥agIP'e.ef er ence to

t he foll ow ng, enbodi nent d i : ' ; of

11 ust 3¢ POy Redenaed fomteaues sl T a B SRR P et on.

Exanpl aga 3! apsianeivapliees| asmieiacieigybibed aniimesiivendiire isolaigtbsampleand not

specifically 15 descrjbed were generally followe de i i,n Sanbr ook

and Rugsay ,bem%icdlr%?ﬂyaﬁéwwivegbm r@%%a? W?fg?g%ﬁ%vz‘ﬁéﬁgﬁ%%&g Har bor

Labor atsngpI%New York (2001). Exanple 1 - Determ nation of genotype 20 The
se

met hods u "in deternmining the genotype of the SNPs was either restriction
fragnment | ength pol ynorphi sm (RFLP) or sequencing. The different SNPs were

determ-ped psrggé”}ftaiﬁ%r}‘(ioinneﬂélfﬁte@r5%94&%60&& opsli dNheErbhagtidteR of a
commercial assay or kit to determine the response to muscarinic recepior
antagonist freatment for myopia. in clinical scenarios where the desire to
commence treatment is tempered by a concern over the side effects of the

15  treatment, a quick and reiatively non-invasive genetic assay may be performed.

Accordingly, the present invention provides a kit for performing the method of
the invention. The kits may be used for determining the response of a subject to
at least one muscarinic receptor antagonist for at least one eye condition.

20  Accordingly, the kit may comprise at least one probe according to the invention.

The probe may be used for determining the response of a subject o at least
one muscarinic receptor antagonist for at least one eye condition, In particutar,
the probe may be complementary to at least one muscarinic receptor gene
and/or its transcriptional and/or franslational product comprising at least one
25 nucleic acid modification or fragment thereof. The probe may be used for
detecting at least one SNP, in particular, the SNP at position 1353 of SEQ ID
NO: 1 (rs2067480) and/or the SNP at position 52 of SEQ ID NO: 2 (rs542269).



25 Cells fromthe buccal nucosa' were collected on a sterile cytobrush by
vi gorously brushing the inner cheek with the cytobrush. The brush was
stored at -80 C until prior to DNA extraction. For DNA j t he

cyt obr ush WREPHENEd and DNA extraction was perforned Bg?ﬁgﬁtﬁﬁg&%%np DNA
Mcro Kit 13 (Qagen Inc., Valencia CA USA) according to the

manuf acturer's instructions. The extracted DNA was used for subsequent

anal ysis for the SNPs. SNP at rs2067480. 5 The nethods for deternini ng the
genotype of the SNP at rs2067480 either by RFLP (Figure 1A) or by
sequencing (Figure 1B) RFLP DNA fromthe sanple isolated fromthe
subject was used in the RFLP nethod.. 10 In this exanple, the DNA was

i sol at éhef kibof feeinbenticn meyrfpeekapmpEse g6 lapst onpyeeanbin eeigrttNesed for the
RFLP. As _jllus i i e 1A, the first step in the RFLP met hod

i nvol vepde%%qel é{;ﬁénga%aehg%gr%ngof the mM nuscarinic receptor gene fromthe
DNA of the subject using 15 the follow ng priners, 5 CCACCTTCTGCAAGGACTGT
3' (rsdfertiEDn ecorrihopioi armthersEpeach ekitgcogndng to dTchYRATAGIIVAGTCTGS 3!

(rs2067480 ,rev I E : ) : bt & enzyme
used td:l ?ﬁe@?%@g %&@%Bﬁc%&\%gﬁﬂ/% I@Q&ﬁﬁ@?ﬁ@é&&?o i\r%/g ,%gr ormed for
a misni MTNGE! § athdddr 4t at et Behpolymeaisas 7aii/onlat dearit dneelrgsirieten di gesti on
was perforned, 20 gverni ght, The di,gestiqn_pr t r i | i sed by

agar os @WW%‘P‘W&BE h8r g@?ﬂggr BPBEre G{%‘A @h%&%o(?‘g@%etrs?aﬁéc '%3{ Eé}é%é}g rrr'l‘saigf t he
agar oseiekt Bk SNP aPhEUe9ES, otabesihd BY idaseone primesicoanrising BEC iDagnent s
obtai ned after N alV digestion when. 067480 is T or C |If

thF SN,D ?t 25 rs%

t he gerd@ypadios 6Tat leashaie PNANEFASERBNRECT §F 18t 288 TefTICUoR S[RY™H7 bp are
observed. If the genotype is CC, four fragnments of sizes 31, 65, 119 and
118 bp Having now generally described the invention, the same will be more readily

10 understood through reference to the following embodiments and examples
which are provided by way of illustration, and are not intended to be fimiting of

the present invention.

Examples

Standard molecular bioclogy techniques known in the art and not specifically

15 described were generally followed as described in Sambrook and Russel,
Molecular Cionirlag:\ A Laboratory Manual, Cold Springs Harbor Laboratory, New
York {(2001).

Example 1 - Determination of genotype

20 The methods used in determining the genotype of the SNPs was either
restriction fragment length polymorphism (RFLP) or se_quencing. The different

SNPs were determined separately in different reactions.

DNA Extraction '
25 Cells from the buccal mucosal were collected on a sterile cyiobrush by

vigorously brushing the inner cheek with the cytobrush. The brush was stored at
-80 °C until prior to DNA extraction. For DNA extraction, the cytobrush was
thawed and DNA exiraction was performed using the QiIAmp DNA Micro Kit



. are,observed. In the event that the genotype is heterozygous, where both C
and 30 T are present, five bands of sizes 31, 65, 119, 118 and 307 bp are
observed. 14 Sequencing In the sequencing nethod ill i igure 13,
only the V%%Wﬁ%ﬁgﬂ?iner of SEQID NO 3 was used in tﬁgh;e&ﬁﬂﬂ%?ﬁg. The
sequencing was by the 5 fluorescent sequenci ng net hods, where the dNTPs are
tagged with fluorescent dyes. As illustrated by Figure 13, sequencing
identified if the genotype was a Tf3or a CC. In the event of

het erozygosity, the peaks corresponding to both Cand T will be observed at
that position. 10 Accordingly, the primers of SEQID NO 3 and/or 4 may be
included in a kit, as well as a polynerase, and/or any suitable restriction
enzyne (Qlagepanti dMalencia tfe WHAY secdrdiiautdethel mapulachirer's §augloNs.-opti onal |y

buffers for the PCR and restricti [ : included in the kit.
The ki 3— hﬁ'&?}drﬁgt%?s@p‘t%asdlé%ee%{m % Hﬂé&%ﬂ%ng? ﬁ%?%&ﬁ%%%@?&det ermning the
response of the subject to nuscarinic 15receptor ant-agonist treatnent. SNP
at rs542269 Detection of the SNP at rs542269 is simlar to the method for
rs2067489-§ g8:49%ed above, except that the priners used for PCR

ampki f itgat hehoas Fob de@dmiding tHEHAMPGRECT AMESNE 3t r{20854 82 Gatheoibwar d pri mer,
SEQ ID NO_5) and 5' CCTCT CCCACASCACT TA (rs542269 reverse priner, SEQ ID
NO  6) RFHR(Figgerifotgr &y seaspneng §d8Uf% i Bl he digestion was Bsil, which has
the recognition site CCNNNNVANGG (SEQ ID NO 8), cutting at the position *,
produci ng sticky ends. 25 The restriction digestion was perforned at 37 C
for 8 IRIUFS. Alternatively, the digestion may be perforned overnight. On

el ectr qphpr.esi ; ; i i sed when
the-genDuy eThite eahBR, SORRIERbR, b3 PRt 375 et Hithe LD B, 3 e T he
genat ype thissesd@mplen thdDAewss dfoldedefrorothaybubeal saraps SPTESS Sour

fr agnerge%cr(ﬂ?esd ag&\}e E:HJ ugé‘éj fozr:f)}?e Q@_Pwer €

As illustrated in Figure 1A, the first step in the RFLP method involved ampiifying
a region of the m1 muscarinic receptor gene from the DNA of the subject using
15  the following primers, 5 CCACCTTCTGCAAGGACTGT 3 (rs2067480 forward
primer, SEQ ID NO: 3) and 5 CTGGGAATAGCGAAGTCTGG 3’ (rs2087480
reverse primer, SEQ ID NO: 4) by PCR. The resfriction enzyme used to digest
the PCR amplicon was NfalV. The digestion was performed for a minimum
period of at least 8 hours at 37 °C. Alternatively, the digestion was performed

20 overnight.

The digestion products were visualised by agarcse gel electrophoresis. Figure
1A shows schematic diagrams of the agarose gei electrophoresis indicaiing the
sizes of the fragmenis obtained after AfalV digestion when the SNP at

25 s2067480is T or C.

if the genotype is TT, three DNA fragments of sizes 31, 65 and 307 bp are

observed. If the genotype is CC, four fragmenis of sizes 31, 65, 119 and 118 bp

are observed. In the event that the genotype is heterozygous, where both C and
30 T are present, five bands of sizes 31, 85, 119, 118 and 307 bp are observed.



observed. 15 Further, the priner having SEQID NO 5 nmay al so be used for
sequencing to determne the SNIP at rs542269. Accordingly, the prinmers of

SEQ ID NO. 5 and/or 6 may be included in a kit, as 5 yner ase
and/ or anV&HPYUBIE restriction enzyme. In particul ar \A?#refsgzrﬁljggor?gﬂsncl uded
inthe kit is Bsil. Optionally, buffers for the PCR and restriction digest
may be included in the kit. The kit may be used to detect the SNP at
rs542269 for determning the respodée of the subject to nmuscarinic receptor
ant agoni st treatnment. 10 Exanple 2 - Association of SNPs with response to
atropine treatnent 105 subjects were treated with atropi ne according to the
treatnent regi ne described in Chua et at, 2006. The subjects were sel ected
accor digupuencinge eligibility criteria described in Chua et at, 2006 and the
study was approved by the Singapore Eye Research Institute Review Board.
Subj ectjs Wb aehasRsINg enethbd titustatapim &igure atBreoniy ibe doorefrii rpinersoft hose with

progressi on _of spherici al ui,val ent, SE (cycl opleaql orefraction) of
| ess t HeEROSD® ép‘f"éﬁsysqcﬁﬂé 112 SGHEgEng e&ngg@%@g}é Seg?l%c{h%
aut gr ggg%?éécﬁﬂt Yaf R inethaeC ahet the GNTHe aretggbdiwiti fiubeticent Chua et

al ., . Treatment was_deened to be i_ne,ffegfti & en the nyopia increased
by nor elverahsoliusteied\by JSdgiieg1 B SApHECIgafeD '%% i ﬁlgﬁﬁ’to“(p@g’a ¥ 0.5 D or
nor e hde i J SchBRdRE e HREPONSi veness.
or seni T DR e e e g Pene st abl . and
const i tartdeE wilbbe sheved yt ihed peadient o at ropi ne. DNA extracti on was
undertaken from buccal scrape sanples according to the 25 nethod descri bed
in Exanple 1. Atotal of five SNPs in the nl gene were investigated and

t hege wecrdinglyr 812083, ofr SPQEDANS); Sraykar4 a8y be Barkaigl @rrikit, $067480.

Fromt hﬁei{ Iag ea pSo Fns“leisés%?ia%giortarﬁey éjuriiea%%n}esitr%YﬁRt&{z@rﬁg\iﬁ pajrtfiscular, the
enzyme included in the kit is AlfalV. Optionally buffers for the PCR and
restriction digest may also be included in the kit. The kit may be used to detect
the SNP at rs2067480 for determining the response of the subject to muscarinic

15  receptor antagonist freatment.

SNP at 15542269
Detection of the SNP at rs542269 is similar to the method for rs2067480 as
described above, except that the primers used for PCR amplification are &'
20  TTTGCAAAAGGCCTAACCTG 3 (rs542269 forward primer, SEQ ID NO: 5)
and 5 CCTCTTCCCACAGCACTGTTA (rs542269 reverse primer, SEQ 1D NO:
6). The restriction enzyme used for the digestion was Bsll, which has the
racognition site CCNNNNNANNGG (SEQ ID NO: 8), cutting at the position %,
producing sticky ends.

25
The restriction digestion was performed at 37 °C for 8 hours. Alternatively, the
digestion may be performed overnight. On electrophoresis, three fragments (58,
71 and 177 bp) were visualised when the genotype was CC, two fragmenis (71
and 235 bp) were visualised when the genotype was TT1. In the event of
30 heterozygosity at rs542289, four fragments (58, 71, 177 and 235 bp) were

observed.



surprisingly identified an associ ati on between two SNPs of the nil receptor
gene and the response to therapeutic treatnent of nyopia with nuscarinic
receptor antagonists. The nmethod of determning the p ' -was by
restricti 8% PPA4WEAt | engt h pol ynor phi sms ( RFLP) acco?ill ng 2?%'1(?{1523 met hod 5
described in Exanple 2. The procedure took approximtely two days, with a
m ni mum 8 hour di gest peri od. Accoiéii ngly, this association was used in a
test to determ ne the response of nmyopi ¢ subject to treatnment with
muscari ni ¢ receptor antagonists. The two pol ynorphi smwere: 101. rs2067480:
pol ynmor phi sms of CC, TC, TT. 2. rs542269: pol ynorphisns of CC, TC and TT.

Table 1. Observed frequency_of subjects with vario enot ypes.and response
t o atr bpither, t‘[fﬂﬁeafii’fﬁhﬂ’?‘llﬂ@e‘%%@y@e“éjﬁ 5mﬁﬁ%@e(chgfor%egpﬁlﬁfgg%{%) and

rsb422 | I habet) No of bj ects: SE wor b t | t
@}ﬂg ubogbp et) subj S se by at |eas
0.5 D ?%E:?%Enmeetggon e%{s) No of subjects: SE worse by less than 0.5 D

(Responders) Total no of subjects CCIT 25 39 64
Accordingly, the primers of SEQ ID NC: 5 and/or 6 may be included in a kit, as
5 well as a polymerase and/or any suitabie restriction enzyme. In particular the
enzyme included in the kit is Bsfl. Optionally, buffers for the PCR and restriction
digest may be included in the kit. The kit may be used to detect the SNP at
1542268 for determining the response of the subject to musc_arinic receptor

antagonist treatment.

10 Example 2 - Association of SNPs with response io atropine freaiment

105 subjects were freated with atropine according fo the treatment regime
described in Chua ef al., 2008. The subjects were selected according fo the
eligibility criteria described in Chua et al., 2008 and the study was approved by
the Singapore Eye Research Institute Review Board. Subjects who responded
15 to atropine treatment were defined as those with progression of sphericial
equivalent, SE (cycloplegic autrorefraction) of less than 0.5D Diopters) in a
period of two years. Cyclopiegic autorefraction was measured according fo the
method described in Chua ef al., 2006. Treatment was deemed to be ineffective
when the myopia increased by more than 0.5 D. Worsening of spherical
20 equivalent (SE) by 0.5 D or more was considered as undesirabie and
constitutes the non-responsiveness. Worsening of SE by less than 0.5 D
indicated that the myopia was stabie and constituies satisfactory response to

atropine.

DNA extraction was undertaken from buccal scrape samples according to the
25  method described in Example 1. A total of five SNPs in the m1 gene were
investigated and these were the rs2067477, rs2067478, rs2075748, rs542269
and rs2087480. From the five SNPs studied, the present inveniors have
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surprisingly identified an association between two SNPs of the m1 receptor
gene and the response to therapeutic treatment of myopia with muscarinic
receptor antagonists. The method of determining the polymorphisms was by
restriction fragment length polymorphisms (RFLP) according fo the method
described in Example 2. The procedure fook approximately two days, with a

minimum 8 hour digest period.

Accordingly, this association was used in a test to determine the response of a
myopic subject to treatment with muscarinic receptor antagonists.

The two polymorphism were:
1. rs2067480: polymorphisms of CC, TC, TT.
2. rs542269: polymorphisms of CC, TC and TT.

Tabie 1. Observed frequency of subjects with various genofypes and response

fo giropine freaiment.

PCT/SGZH08/000375

Genotype at No of subjects: No of subjects: Total no of
rs2087480 (first 2 SE worse by at SE worse by less | subjects
alphabets} and least 0.5 D than 0.5D

18542269 (third and | (Non- (Responders)

fourth alphabet) responders) \
CCTT 25 39 64
CTTT 4 10 14
TT1T 0 1 1

CCCC 0 1 1

CCCT 4 16 20
CTCT 0 2 2
NNNC' 0 3 3

Total 33 72 105

TThis notation "NNNGC" indicates any genotype at rs2067480, and TC or CC at rsb42289.

Table 1 illustrates that a test criteria using the outcome(s) in these SNPs could

predict drug response.



4 16 20 CTCT 0 2 2 NNNC1 0 3 3 Total 33 72 105 This notation "NNNC'
I ndi cat es any genotype at rs2067480, and I1C or tiC at rSbh4z2d9. 15 Table 1

il lustrates that test criteria using the out '
PR LI N 0 COmE(S) dhddiiRRLS coul d

17

The rows indicate the genotypes at the 2 positions (loci): the first two ietters
represent the genotype at rs2067480, and the third and fourth letters represent
the genotype at rs542269, respectively. The genotype at each locus is specified
by 2 letters or bases, one for each chromosome 11. The cells in the table with
5 numbers indicate the number of subjects with the specified genotypes for that
row that fulfilled the drug response requirement or otherwise. The tofals for
each row are specified on the extreme right column. The last row represents the

total number of responders and non-responders.

For the genotype NNNC, insufficient material in the isolated samples of 3

10 subjects prevented the determination of the genotype at 15542269 and one
allele at rs2067480. However, Table 1 showed that a criterion may encompass
the use of CC and CT in the rs542269 position as a positive test regardless of
the SNP at rs2067480. Alternatively, a C in the rs542269 position is indicative of
a positive test regardless of the SNP at rs2067480.

15
By collapsing the genotypes (rows in Table 1 above), the final test coniingency

table can be expressed as shown in Table 2. The first two rows in Table 1 were
merged to give the genotypes representing a negative test in Table 2, and the
lagt five rows in Table 1 were merged to give the positive test genotypes.

20



17 The rows indicate the genotypes at the 2 positions (loci): the first two
|l etters represent the genotype at rs2067480, and the third and fourth
| etters represent the genotype at rsb542269, respective type at
each Iocué‘P(?%”G%’?)%&ﬁZfi ed by 2 letters or bases, one for%,gtsz-ﬁ%gﬂ?&%%sone 11.
The cells in the table with 5 nunbers indicate the nunber of subjects with
the specified genotypes for that row that fulfilled the drug response
requi renent or otherw se. The tot al'€ for each row are specified on the
extrenme right colum. The last row represents the total nunber of
responders and non-responders. For the genotype NNNC, insufficient material
in the isolated sanples of 3 10 subjects prevented the determ nation of the
genot ype 226 taodabigshonig f 4 206 2Re VRS A tfe BT 1 showed
that a criterion may enconpass the use of CC and CT in the rs5422/9
positionjas a positive tgdONegardl ess oéﬁ%?gg%Ngﬁgt rs2067480.
Alternat|vely, a Cin the Q. pasiit tative off a pogitive
PR PG5

test regardl ess of the SN - . ¢l i ng the genqtypes
(rows in|Table 1 above), itihienfdntiah tesit %%E‘{%%ﬁ'ﬁﬁﬁeﬁféﬁ% e can be gxpressed

as showniin Table 2. The (first two rowg in Table 1 were rrerg%té;o gi ve the
genot ypes representing a Y& e test |iSE Feidancd balegdsthan llast fijve rows
in Tablej1l were nerged tq give the posiitd.§8 (beaty gepotvgges. |20 WO
2009/ 0451 72PCT/ SG2008/ 00G331 wihsdritd oy 2 ovep 2ypeatrswo tabl e shqwi ng tiest

result and effectiveness |oft itsagatsmnt. | NON- RESPONDERS: i nt ervent ijonnot
effective SE worsened by \alvdr@agdard. 50 jover 2 years RESPONDERS:

i nt er ven{ {EERECTER?

(rs20687480: CC or 78
TC) and rs542269 | 20 49 (74%)
TT

POSITIVE TEST o7
Any genotype not 4 23 (26%)

coverad above

33 (31%) 72 (69%) 1105

From Table 2, it can be seen that a DNP genotype comprising a C at 152067480
5  and a TT at rsb542269 indicated that a subject was likely to not respond to
freatment {negative test) and any other DNP genotype indicated that a subject
was likely to respond to treatment (positive test). Put in another way, a DNP
genotype comprising a CC or TC at rs2067480 and a TT at 55542269 indicated
a negative test and any other DNP genotype indicated a positive test.
10
If the test outcome is positive — expected 1o be 28% (85% CI 18-35) there is a
85% chance (calculated from 23/27 x 100%) that the subject is a responder to
treatment and treatment may be justified on the basis of the likelihood of
efficacy. If the test is negative, there is siill a chance that the subject may still
15 respond to freatment. In this instance, the decision to start treatment or
otherwise for myopia could be made based on clinical grounds including the
age of the subject, the history of progression over the last year and/or the family

history of myopia.
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Statistics

Statistics were calculated according to standard formulae,

Fisher's exact p value 0.0331

Odds ratio 3.40 (85%C!: 1.07-10.82) Sensitivity 32%(95%Cl: 22-44)

Specificity 88%(95%Ct: 71-96)

Positive predictive value 85%(95%Cl: 65-95)

Negative predictive value 37%(85%Cl: 2749)

Note that the percentages on the extreme right column of Table 2 indicate the
proportion of subjects with negative and positive test results, not the proportion
of responders. These percentages showed that more subjects obtained a
negative test result compared fo a positive test resull in our trial (these
percentages may be different in a different target screening population). The
last row in Table 2 indicates the percentages of responders and non-responders
to treatment. These showed more subjects responding fo treatment rather than

not responding.

Interpretation of statistics

When the odds ratio is above the value of one, it indicates that the test result
(genotype combination) is significantly associated with the drug response
(myopia progression). The Fisher's exact probability test was used to test for
statistical significance because one of the cells has a number of less than 7.
The p value of 0.0331 indicates staiistical significance at the level of
alpha=0.05. A high specificity and moderate sensitivity of the test has been
achieved. In any diaghostic test, the threshold for considering a result to be
positive or negative may be varied so that the sensitivity and/or specificity will
change. However, the change in the sensitivity and/or specificity is reciprocal to
one another. in other words, it is difficult o have a perfect test of very high
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test. 10 If the test outcone is poSrtive - expected to be 26% (95% Cl

18-35) there is a 85%chance (cal culated from 23127 x 100% that the
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of Tabl Rl gieRtRetRaud impiasst thana obgatitg tast snay 1dt heexsy ipvedistive posi ti ve
test results, not the proportion of responders. These percentages showed

t hat noofdreaiippRiddUTEht ai ned a negative test result conpared to a positive
test result in our trial (these percentages may be different in a different
target screening population). The 15 last rowin Table 2 indicates the
pertent ages of responders and non-responders to treatnent. These showed
nore subjects responding to treatnent rather than not responding.
Interpretation of statistics 20



When the odds ratio is above the value of one, it indicates that the test
result (genotype conbination) is significantly associated with the drug
response &&¥§ﬁia grogression). The Fisher's exact probability test was used
to test f 40158t cal significance because one of t hBCTEFRUSNYISy nunber
of less than 7. 25 The p value of 0.0331 indicates statistical significance
at the level of alpha=0.05. A high specificity and noderate sensitivity of
the test has been achieved. In anyZdiagnostic test, the threshold for
considering a result to be positive or negative may be varied so that the
sensitivity and/or specificity will change. However, the change in the
sensitivity and/or specificity is reciprocal to 30one another. In other

wor ds, Raferspicdsfficult to have a perfect test of very high 20 sensitivity
and/ or specificity at the same tinme. The ideal conbination of sensitivity
and/or specificity in a test is often decided according to the clinical
scenario, or, in the case where the threshold is a continuous variable

(1i ke Bawp Whds Balpashnen, Vb Gwd: gl Heoey, L.t Heg.chaRdeh. &-ils@nedanfP.a recei ver
oper at i Ukddpinediof e @bitdny @F YehlldikHddPagddid. VeptRbRbicdy v& Va1 inplies
that when the test result is positive, the chances of responding to the
treétnéﬁ@5ﬁ@9high, wher eas a nodest negative predictive value inplies that
a negative test nmay not be very predictive of treatnent failure. 10 21
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det er m ni ng rohecariéponeecmier aastagiosist tibeaimandader ofBYRIZ c ARSI cept or

ant agoni st treatnent for nyopi 51 d 1 npl e
S0l dt ed fr GeHANE o0 R ARTRIEIaR RecSiiRct B Penot e 1880 2
nucl ei ¢ aci dy st ffof ait i jeastodné MRictdic racse anodificaticec epttios rgéneuacarinoe its
transcriptional and/or translational product, \gner%i n ¥h_e nucl ei,c_acid
modi f i cat i orfeeeptpr | ere agnd/aasits JrangsTigliondlsiandd freesiaienaEdPEiRlo 1
(rs2067480) r at It - I &f 88482%9) and
t he genot ype\'?%%g]f th{% h@”iﬂgjaec@? ﬁ?gﬁf%eéiutéﬁgra m nEQSrd?g%?ﬁ%I\tﬁbhe %NPS S
correl ated t1@saEhef PEQLHBONOL ty(rsP067H80% abfliec b SNBpaimdisitpnt B2 oheEQ Hat nent .
2. The net hod_accordin laim1 i

to ,, Wherei.n the nuscari.nic ant ISt is
15sdlect ed fN(.a'rr?t(Fﬁ@“g?%%baE H&@?T“ﬁgpﬁé)ﬂ%&)ﬂ@?cg 2t SBPHS,O?g% i f enaci n,
dexetim de, c{i"tﬁa e f%ecor@téi%ﬁ%%é BASBabild} Bheny Bysiearfieapondihguetiaé e,
gl ycopyrrol ate, homat ropi ne, hyoscyam ne, 1 patropium orphenadrine,
oxybutyrin, tmatewenepi ne, procyclidine hydrochl oride, propiomazine,
scopol am ne, solifenacin, tiotropum tolterodine and trihexyphenidyl. 20
2. The method according to claim 1, wherein the muscarinic antagonist is
15 selected from the group consisting of atropine, benztropine, darifenacin,
dexetimide, dicyclomine, dimenhydrinate, diphenyhydramine, flavoxate,
glycopyrrolate, homatropine, hyoscyamine, ipatropium, orphenadrine,
oxybutyrin, pirenzepine, procyclidine hydrochloride, propiomazine,
scopolamine, solifenacin, tiotropum, tolterodine and trihexyphenidyl.
20
3. The method according to any one of the preceding claims, wherein the
sample is isolated from the buccal mucosal, lacrimal gland secretions,

tears, conjunctival tissue, cornea cells, blood and/or saliva.

25 4. The method according to any one of the preceding claims, wherein the
nucleic acid modification is determined by hybridization, primer extension,
ligation, invasive cleavage, sequencing, polymerase chain reaction (PCR),
restriction fragment length polymorphism (RFLP), sequencing, multiplex
ligation-dependent probe amplification (MLPA), micro PCR systems,

30 microfluidic chip systems, allele specific amplification, snapshot mini-



3. The method according to any one of the preceding clains, wherein the
sanple is isolated fromthe buccal nucosa!, |acrimal gland secretions,
tears, conjunctival tissue, cornea cells, blood and/or saliva. 25 4. The
met hod according to any one of the preceding clains, wherei nMcl eic
acid nodification is determ ned by hybridization, prinmer ext :

| i gation, invasive cl eavage, sequencigg, polynerase chain reaction (PCR),
restriction fragment |ength pol ynorphi sm (RFLP), sequencing, nultiplex

| i gati on- dependent probe anplification (M.PA), mcro PCR systens,

30m crofluidic chip systens, allele specific anplification, snapshot mni-

MCSLLP 23 sequencin strand,di spl ac & anml i f ] j K0S wpti onal
nedi at ed anpsf‘?%eé‘ﬁﬂgo%,tr%mc%éqpéa%%ﬁﬁ%s%%:nelrrff%e-i as{er%ﬁ%&n%)l%gp |a¢:at| o%%gnd/ or
hel i case depgpgpmiatiBAP hutiefaborn sedbendebhsest apgsifidation tamddmy heliwasef t he
precedi ng clains, wherein the nucleic acid nodification conprises at |east

a singl e nucdarsnidgst poipjifieatisii sm (SNP), a doubl e nucl eoti de pol ynor phi sm
(DNP), a nucl eotide deletion, a nucleotide addition, a nucleic acid

anplification, a rearrangenent of the nuscarinic receptor gene and/or its
transcripti ongd nadtEbOradcoading abi amalongr otltret prevedirg chlimer néteraie tpl i ci ng
of the transcriptional and/or translational {)roduct. The et ho ?.L%cordi ng
to any one otudieie okt emsIARNMECOTMAESSS nat hi83RCP e SUE] &%E?(ﬂ Fcation

s in one or.gngealilal GeNFIhe TeiRk AREIEAAD SavBoIs DNBI Br ecedi ng

claims, wher hucl'el ¢ “acl ification is in a coding region of the
muscari ni ¢ reeteitele deletion Thenumeeditite adddiodi agnuaeiangcid ramplfficatienpfecedi ng

laims. whereinth o 0 modi ficationis ( :

the muscar | E@TRBERHEE Ohehe MRt rbciee dear i IRV Beddd o ©

pregedi ng Clzfricﬂ@r WaRLRIIBnEhe PHGEA! | tirkyéeCaRbMatigeneswiRNY | 98 thesequence
Yo honol I‘EQID No 1

at least 85 ogous to S or a fragnent thereof. MCSLLP 24
transcriptional and/or transiational product.

6. The method according to any one of the preceding claims, wherein the
nucleic acid modification is in one or more alleles.

15
7.  The method according to any one of the preceding claims, wherein the

nucleic acid modification is in a coding region of the muscarinic receptor

gene.

20 8. The method according to any one of the preceding claims, wherein the

nucleic acid medification is in a non-coding region of the muscarinic

receptor gene.

9. The method according to any one of the preceding claims, wherein the
25 muscarinic receptor gene comprises a sequence at least 85 %

homologous to SEQ ID NO: 1 or a fragment thereof.

10. The method according to any one of the preceding claims, wherein the

nucleic acid modification comprises a C at rs542269, thereby indicating



that a subject is likely to respond to nuscarinic receptor antagoni st
treatnent. 11. The nmethod according to any one of the preceding clains,
wherein the 5 nucleic acid nodification conprises a CC or TC at rs542269
for both alleles, thereby indicating that a subject is |ikelyytg r®spond to
muscari ni ¢ receptor antagoni st treatnent. 12. The method according to
any one of the preceding clains, whepgin the 10nuscarinic receptor
antagoni st is atropine. 13. The nethod according to any one of the
precedi ng clains, wherein the nucleic acid nodification conprises at | east
one DNP conprising a SNP at position 1353 of SEQID NO 1 (rs2067480) and a

SNP at posi t| on 52 of 15S D NO 2 42269 14. The ordi ng
to clai m 13,thghér sHRiect ‘SEI(?ﬁy 9 R éjni )}BES?&% IRiF i eeRgt %H%%Oﬁs 067480

and a TT at sb42269 indicates that a subject is likely to not respond to
S t . . .

muscarini c receptor 20antagonist treatnment and (ii) any DNP genotype other

than that in (i) indicates that a subject is likely to respond to

rruscarlncr nt agopi st treat - i to claim
T3 or 14l Twiidiec istaad B8R oo 'ArSRRAE Br o dusrafing AR SaEHM 2 0,

I ndi %—at es t hlcidlc A Qﬁédlhéaﬁdrk%bmﬂriéegoé CEespond tay 1542269 roc bodicept or

ant agoni st treatnent and g any DNP genotype ot her th%n that in él)

i ndi cat es t tedleles, shasebgtin |§a an(é]%ﬁ g sulbieshisritkeb RPN MMEEH BY!

ant agoni st treat.nen 6. The nethod according to any one of the
precedi ng Clrgi;%torahggg?(%hjﬁgtr%én 0od of determning the SNP is by

restriction fragnment | ength pol ynorphi sm (RFLP) and/or sequenci ng.
12. The method according to any one of the preceding claims, wherein the

10 muscarinic receptor antagonist is atropine.

13. The method according to any one of the preceding claims, wherein the
nucleic acid modification comprises at least one DNP comprising a SNP at
position 1353 of SEQ ID NO: 1 (rs2067480) and a SNP at position 52 of

15 SEQ ID NO: 2 (rs542269).

14. The method according to claim 13, wherein
(i) @ DNP genotype comprising a C at rs2067480 and a TT at rs542269

indicates that a subject is likely to not respond to muscarinic receptor

20 antagonist treatment and
(i} any DNP genotype other than that in (i) indicates that a subject is likely

to respond to muscarinic receptor antagonist treatment.

15. The method according to claim 13 or 14, wherein
25 (i) a CC or a TC at rs2067480 and a TT at rs542269 indicates that a

subject is likely to not respond to muscarinic receptor antagonist treatment

and
(ii) any DNP genotype other than that in (i) indicates that a subject is likely

to respond to muscarinic receptor antagonist treatment.

30



517. The nmet hod according to claim 16, wherein the RFLP for determ ning the
SNP at rs2067480 conprises the steps of: (i) anplifying a region of the m
nmuscarinic receptor gene using at |east one primer conprising SEQ ID NG 3
or a fragment thereof and/or at |east one priner SEQ ID NO 4 Fgragrrent
thereof to produce at |east 10one anplicon; (ii) digesting the arrpl i con
with at | east one restriction enzyne;o5(H ) determning the size of the
fragnent (s) obtained after the enzynme digestion; and (iv) determ ning the
SNP genotype. 15 18. The nethod according to claim 17, wherein the
restriction enzyne corrpri ses NalV. 19. The nethod according to claim16,
wher ei n sequenC|n i nvol ved 20 se uenC| a reagign of, the inic

r ecept or1Gendamidihad 3aeRENgHE HY RBF ¢ %r?r ﬁé'@E@afrﬁsl\@We%%ﬁ
fragment th t Qyed t hged yRe feBBicBHIR &laghse6 Tekfh

20. The net ﬁgﬁﬁggc&fd?%%@éﬁggapﬁne1§W\Aher et%fn t he RFLP for determ ning the
25SNP at rsWﬁﬁ@rptmrpr(RféE)taﬁ@/mweﬁﬁﬂg (i) anplifying a region of the
m rnuscarinic receptor gene using at |east one priner conprising SEQ ID NG
5 and/or at least one priner conprising SEQID NO 6 to produce at |east

one @WDH?COFThe (ﬂe‘tﬂodjbg@ét@ir@td Briramd, vitreln the RFLPedastetemminiegtthé ction
enzyne; MCSLL (ii1) determning the size of the fragnents obtai ned

after the erﬁNE’r@’i mwwmoranﬁses the steps of:
(i) amplifying a region of the m1 muscarinic receptor gene using at least

one primer comprising SEQ ID NO: 3 or a fragment thereof and/or at

least one primer SEQ ID NO: 4 or a fragment thereof to produce at least
10 one amplicon;

(ii) digesting the amplicon with at least one restriction enzyme;

(iii) determining the size of the fragment(s) obtained after the enzyme

digestion; and

(iv) determining the SNP genotype.

15
18. The method according to claim 17, wherein the restriction enzyme
comprises NialV.
19. The method according to claim 16, wherein sequencing involved
20 sequencing a region of the m1 muscarinic receptor gene with at least one

primer comprising SEQ ID NO: 3 or a fragment thereof fo determine the

genotype of the SNP at rs2067480.

20. The method according to claim 16, wherein the RFLP for determining the
25 SNP at rs542269 c.omprises the steps of:
(i) amplifying a region of the m1 muscarinic receptor gene using at least
one primer comprising SEQ ID NO: 5 andjor at least one primer
comprising SEQ ID NO: 6 to produce at least one amplicon;

(ii) digesting the amplicon with at least one restriction enzyme;



(iv) determ ning the SNP genotype. 521. The nethod according to claim 20,
wherein the restriction enzyne conprises Bsll. 22. Akit for performng the
nmet hod according any one of clainms 1 to 21 conprising at |east one neans to
determne the nucleic acid nodification. 10 23. A kit according to claim
22, wherein the nuscarinic receptor antagonist is selected fromytdg @roup
consi sting of atropine, benztropine, garifenacin, dexetim de, dicyclom ne,
di menhydri nat e, di phenyhydram ne, flavoxate, glycopyrrolate, homatropine,
hyoscyam ne, i patropi um orphenadrine, 15oxybutyrin, pirenzepine,
procyclidi ne hydrochl ori de, propiomazi ne, scopol am ne, solifenacin,
tiotropum t{?ili)t gg?e?‘;ww?r%ngnt et gi[zgeé%/?}'ra]eeq{'adﬁ/rrlwénis obtained after the enzyme
digestion; and

(iv) determining the SNP genotype.

5 21. The method according to claim 20, wherein the restriction enzyme

comprises Bslil.

22. A kit for performing the method according any one of claims 1 to 21

comprising at least one means to determine the nucleic acid modification.

10
23. A kit according to claim 22, wherein the muscarinic receptor antagonist is
selected from the group consisting of atropine, benztropine, darifenacin,
dexetimide, dicyclomine, dimenhydrinate, diphenyhydramine, flavoxate,
giycopyrrolate, homatropine, hyoscyamine, ipatropium, orphenadrine,
15 oxybutyrin, pirenzepine, procyclidine hydrochioride, propiomazine,

scopolamine, solifenacin, tiotropum, tolterodine and trihexyphenidyl.



