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HLA-B*1502"exon2+3-546-bp

1 intron-2 45*]);]41

Rt

GCT OCC- ACT- CCA- TGA- GCT- ATT- TCT: ACA: CXG- CCA- TGT- CCC- GGC- CO0- GCC- GCG- GOG- AGC: CCC OCT: TCA: TOG: CAG: TGG:

GCT ACG- TOO- ACG- ACA- CCC- AGT- TGO TGA: GOT- TCG: ACA GOG- ACG- CCG- (G4 GTC: G4 GOA TGS OG- CCC- 606 €68 CAT:

1
GCA- TAG- AGC- ACG- ACG- GGC- COG- AGT ATT- GGG+ ACC GG A- CAC- AGA TCT ~ CCA ACA- CAC AGA-CTT- ACC CGAG-

g 3 4
AGH GCC- TGO GGA ACC: TCC- GG GCT ACT- ACA- ACC AGA GO0 ACG COu GOT- CTC ACATCC- ACA- CCA TCT A @C
/

Contain'24.5bp in the balnk region (not listed in detail)

3
GCT- GO0 ACG: TGG- OG- 40G- ACG: GGC- GCC- TCC TCC 6a0- GC@ AlL- ACC AGT- CO5- OCT- AQD- A0G GCA- AGG: ATT- ACA: TOG- CCC

TGA- 4G+ AGG- ACC: TGA- GCT- CCT- GCA- CCC- OG- {66+ ACA OGG- GG CTC: AGA- TCA CCC ACC: GCA: AGT GGG+ ACG O0G- £CC

0
GTO- ACG- QUG- ACC AG@ OA- GaG- €CT- ACC- TGO AGG-GCC- TOT-GCC- TGO AGT- GGC TCC- GCA' GAT- ACC- TOG- AGA- ACG- GG A- 8GG

AGA- (0C TOC AQC: GOG- C0G»

(57) Abrégée/Abstract:
This invention relates to a method of determining the presence of certain HLA alleles, such as HLA-B*1502 or HLA-B*5801, and a
kit for carrying out this method. Also disclosed is a method for assessing whether a patient is at risk for developing adverse drug

reactions (e.g., Stevens-Johnson syndrome, toxic epidermal necrolysis, or hypersensitivity syndrome) based on the presence or
absence of a genetic marker (e.g., HLA-B*1502, HLA-B*5801, or HLA-B*4601).
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(54) Title: HLA ALLELES ASSOCIATED WITH ADVERSE DRUG REACTIONS AND METHODS FOR DETECTING SUCH

HLA-B*1502%exon2+3-346-bp

3 -, .} - I \.‘4 s "‘.. %!_;g '13 -

3 H g Vs - .

~ o1 intron-243-bp-
<>é ;‘n ; ; §§ LA 0 k)\g

AGK T0C- TOC ALC COL- COGe

GCT- &CC- ACT CCA- TCA- GOT- ATT> TCT: ACA- &G+ CCA- TGT- CCC- GGC COG- GCC- GC0- GOG- AGC CCC- OCT- TCA: TOD: CAG- TOG:

GCT A0G- TGO ACG: ACA- CCC- AGT- TOO- TOA- GOT- TCO- ACA- GLU- ACG OG- (0A- OTC COA- oA TOG- O6C- TCC 000 LT CAT:

1
GCA- TAG- AGC: AGG- AGD- 00T €OG- ACT- ATT- GGG~ ACC GG & CAC- AC4 TCT

AGA: GCC- TGC- GOA ACC TGC GCG: GCT- ACT: ACA: ACC: AGA: G- AGG- Cb 6

Contain’24.5bpr in the balnk recion (not listed in detail)

3
GCT- G0 ACC- TGO GOC- QOG- ATG: GUC CC- TCE TEC 000 GC@ hTO- ACC A0T- COG- CCT- AOQG AOG- GCA- AGD- ATT- ACA TOG- (EC
TCA AQG- AGG- ACC TCA- GCT- CCT- GOA- CCG- G60- 000 ACA- TUG- 006 CTC: AGA TCA CTC A0C GCA- AGT GGG- AGG- LG CCC

6 |
GTC- AGG- QOG- AGC AG@GA- CAG CCT- ACC- TGG- AGG- GCC TOT- 000 TGO AST- GOC: TCC- GCA- CAT- ACC TGG- ACA- ACD- GOA- AGG

A/ CCA ACA- CAC AGA- CTT- ACC- GAG-

- 3 4
T-CTC ACATCC- AGA OCA TGT A@o

et

(57) Abstract: This invention relates to a method of determining the presence of certain HLA alleles, such as HLA-B*1502 or HLA-
B*5801, and a kit for carrying out this method. Also disclosed is a method for assessing whether a patient is at risk for developing

adverse drug reactions (e.g., Stevens-Johnson syndrome, toxic epidermal necrolysis, or hypersensitivity syndrome) based on the
presence or absence of a genetic marker (e.g., HLA-B*1502, HLA-B*5801, or HLA-B*4601).
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HLA ALLELES ASSOCIATED WITH ADVERSE DRUG REACTIONS AND
METHODS FOR DETECTING SUCH

BACKGROUND
An adverse drug reaction {ADR) is an undesired and unintended effect of 2
drag. In particular, an adverse drug reaction occurs at doses used for prophylaxis,

1 diagnosis or therapy, According to a widely cited meta-analysis, ADRs were ranked
between (he fourth and sixth most common cause of death {Lazarou et al., JAMA,
279(15):1200-1205, 1998). Cutancous ADRs gecount for about 2-3% of all hospital
admissions (Bigby et al., JAMA, 256(24).3358-3363, 1986}, They range from nuld
maculopapular (MPE), with increasing scverity, to life-threstening ADRs, such as

15 hypersensitivity syndrome (HSS) , Stevens-lobuson syndrome (818 and tosic
epidermal necrolysis {TEN: Lyell’s syndrome). The mortatity rate of the latier can be
as hugh as 43%. '

HSS is characterized by multi-organ involvements {e.g. hepatitis or nephyitis)
accompanicd with systemic manifestations (e.g. fever, arthragis, cosinophiiia and

20 lvmphadenopathy) in additional to skin rashes (Roweaws ot al., N, Engl. 1. Med,,
331:1272-1288, 1994). SIS and TEN are immune~complex-mediated hypersensitivity
disorders characterized by rapid development of blistering exanthema of purpuric
acties and target~like lesions accompanied with nuctdes mvoivement and skin

detachments (Rowjeau et al. § invest Devmatol, 1994, 102:288-308). They are caused

I
LM

mostly by drugs, such as sulfonamdes, anficonvaisants, alloparinol, nonsteroidal anti-
inflammatory drugs. and antimatanals (Roujeau et al., N, kngl. J. Med.,
3332416001607, 1693), In Tabwan, anticonvudsants (e.g., CBZ, phenyioin and
phenobarbital’ and allopurinol are the most common drugs causing SIS/TEN. '

Recent developments of pharmacogenomics bave immphed that the

30 suscephbihity to ADRs ts associated with particular genctic alleles. For exampie,

-1-
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genomic polymorphisms of the thiopurine methylivansierase gene were found {o be
closely related o ADRs induced by azathioprine, a drug for rheumatologic diseases or
cancer { Yates ¢t al., Ann. fotern, Med., 126(81608-614, 1997} It 18 also sugpested
that the susceptibility {0 SISTTENHSS induced by certain drugs s genetically
determuned {Goms MAL Am d Med,, SH{O)X631-034, 1991 hdwards 5G, Postarad.
Med. 1., 7MEEOR6E0-081, 1999}, However, the exact responsible genetic factors
have vet o be identified.

These pharmacogenomics studies suggest that detecting ADR-associated
atlcles in a patient s a uselul approach for assessing whether that patient 18 at risk for
developing ADRs. This kind of molecular diagnostics certified by Climeal
faboratory Improvement Amendments 18 now offered by reterence laboratorics in the
LIS and Rurope.

To determine the presence of a particular genctic allele, one or more allelic-
spectiic nucicotide need fo be detected. In many cases, muliiple regions within the
atlele must be targeted 10 achieve an accurate determination. For example, currently

vailable methods for determining an HUA-B allele (e.g., HLA-B#1502 or HLA-

BHSK01) requires detecting at least 6 regions within that allele.

SUMMARY OF THE INVENTION

The present mvention provides a methad ol predicting the nigk of a patient for
deveioping adverse drug reactions, particudarly SIS, TEN, or H3S. It was discovered
that HEA-BY 1532 15 asseciated with SIS TEN mduced by a variety of drugs, ¢.g.,
carbamazepine (CBZ). Inaddition, HLA-B®3801 1§ particularty associated with
SISATEN induced by allopurinel. HLA-BY3801 15 also associated with allopurinol-
induced HSS. Milder cutaneous reactions induced by CBZ, such as maculopapular
rash, ervibema multtforme, arbicana, and Hixed drag eruphion, are particalarly
associated with HLA-B®4601.

Accordingly, the present application provides g method of assessing the nisk of
a patient for developing an adverse drug reaction in response o a drug, nehuding

performine HLA tyvping using a bwclogical sample from the pattent. Any HLA allele

1ot
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that 18 associated with the ADR with a sensitovitly of at feast about 40% can be used as
at least about 50%,, 60%, 70%, 80%, 85% or 90%. More preferably, the sensitivity i1s

at least 93%. The drug 13 preferably selected from the group consisting of UBZ,

)

oxcarbazepime (brand pame: rdeptaly, icarbazepiue, allopurmod, phenytom,

subfasalazine, amoxaeiibn, thuporfen and ketoprofen. Alternatively, the drug is

preferably not a nonsteroidal anti-inflammatory drug. Preferably, an HLA-B allele s

the risk {actor.

Assessing the risk of a patient for developing an adverse drug reaction in

10 response to a drug, can be gecomplished by deterniining the presence ol an HLA-B
aliele selected from the group consisting of HLA-BF1502, HLEA-BS38GT and HLA
B¥4601, wheram the presence of the HLA-B alleie s mdicative of a risk tor an
acdverse drug reaction. The drug can be selected from the group consisting of CBZ,
oxcarbazepine, Hicarbazepine, allopurinol, oxvpurinol | phenvioin, sulfasalazine,

15 amoxscithn, thuproten, and Ketoproten.

The adverse drug reaction can be a cufaneous agverse drag reac :F;tifm., such as

S35, TEN, or HSS. In one embodiment, the drug 18 8¢ iected from OB

.-(

HELA-B¥3801 15 used o 'p‘f{tdict the risk tor 8IS, T

20 selected from allopurinet or oxypurinol,  Other subtypes of HLA-B1S, BS8 or B46,

N, ar HSS, and the drags can be

such as HLA-B¥ 1503 or 1358, can also be used to predict the risk for developing an
ADR.
A genetic allele can be detected by direet detection of regionsinucieotides

within the allele using genomic DNAs prepared from biosamples, ©.g., blood, saliva,

3
¢

S urine or hawr.  The allele can also be detected by, tor example, serological or
nucrocyiotoxicity methods, 1t also can be deternuned by detecting an equtvalent
genetic marker of the allele, which ¢an be, e g, an SNP (single nucleotide
polymorphisi}, a nucrosatetine marker or other Kinds of genetic polymorphisis. In
other words, the presence of the HEA-BY1302, 3801 or 4601 haplotvpe, rather than

30 the allele per se, 15 indicative of a risk for adverse drag reactions. Exemplary
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(f.‘?iiv*{}S{} i, iZ.‘i*;w‘*‘i’}S{}:ﬁ, A¥LHA, and MICA¥O1D iff.}:r:::ﬂ‘ipl:;u‘y equivatent genelio
markers of HLA-B¥E80T includes HLA-A®3IZ03, Ow™0302, DRBIY030!, and
MICA™OI201 .

Another aspect of the present mvention 15 a method of pharmacogenomics
profiting. This method includes deternuning the presence of at least one HLA-B
aflele selected from the group consisting of HLA-B*1502, HLA-B*5801, and HLA
8461, In one example, the presence of at feast two alleles selected from the group
1 determined, such as HLA-BH1502 and HLA-B*3801. In another example, the
presence of gll three alfeles is determined. The method can optionally comprise the
determination of other genetic factors. Those othier genetic factors can be associated
with the predisposiion tor any discase of medical condition, meluding ADRs. bor
cxample, these other genetic factors can be selected from the group consisting of

cenes for the long-QT syndrome,

s':-"'

thiopurine methyltransferase and the
Also within the scope of this mvention 15 a method for determining whether a
pationt carries HLA-BY 1502 or HLA-B*3B801. This method includes the steps of: (1)
detecting a first region selected from either Regions -6 of HLA-B® 1502 or Regiong
i-0 of HLA~B®38GE, (2) detecting a second region sciccted from cither Regions 140
of HLA-B¥1302 or Regrons -6 of HLA-BY3881, the second region being ditferant
front the first region, and {3) determining whether the patient cames the allele of
inderest, the prosence of the first and second regions ndicating that the patient carries
HLA-BI302 or HLA-B®3801, These regions can be detected by Real-Time PCR or
Competitive Seguence-Specific Oligonucieotide hybridization assay coupled with
ELISA (CSSO-ELISA) In one example, detecting two regions seiected from
Regions -0 of HLASB* 1302 or from Regions -6 of HLA-B™3801 15 sufficient to
deternune the presence or absence of HLASBT 152 or HLA-B¥3801. f\iiﬁ-_zﬁna.tive'i,}.’T.s
Potection of Regton 1, Region 2, and Region 3 of HLA-B¥ 1302 can be
achivved respectively by identifyving nucleotides at positions | and 3 withan Begion 1,

at positions 1 and 6 within Region 2, and at positions 1 and 3 within Region 3
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(ncluding the nucleotides i either the sense strand or the anti-sense strand at the

POSITIONS ).

Detection of Regions 1-6 of HLA-B¥38G1 can be achieved respectively by
wentifving nucleotides &t positions 1, 2, and 5 within Region 1, at positions |, 4, 6, 7,

)

&, 15, 16,and 20 within Regton 2, al posthions 2, 4, 5, 8, and Y within Kegion 3, at
positions 3 and 5 within Region 4, at positions 1 and 9 within Region 3, and at
posittons 3 and 10 within Region 6.

The present invention also provides a kit for detecting a genelie alielg, e.g.,
HEA-B*1502 or HLA-BF3R01, In one example, this kit contains a first probe and a
13 second probe, each targeting a region selected from Regions -6 of HLA-B*1502 or

Regions -6 of HLASB*S80]. The two probes target different regions, The kit can
further nclude a third probe that targets an internal control allele. It can also include
ong or more additional probes for detecting one or more additional regions within
HLA-B¥1502 or HLA-B¥3R01.
i3 Further provided s & method for deternuning whether a compound 15 8
candidate that imnduces an ADR (e.g., SISTTEN, HSS, or a milder cutaneous ADRy ma
paticnt carrying an HLA allele {e.g., HLA-BY 15302, HLA-B®3801, or HLA-B#4601)
associated with the ADR induced by a drug {(¢.g.. CBZ, allopurinel, or phenytoin).
This method inclades the steps of: (1) wolating T cells from an ADR pationt carrying
20 an HLA allele associnied with the ADR, {2) expanding T cells reachive o the drug
that induces the ADR, (3) iselating anfigen-presenting cells from the patient, (4)
contacting the expanded T cells with a compound i the presence of the APUs, and {3)
examining whether the compouand activates the expanded T cells. A compound that
activates the T cells s a candidaie that induces the ADR in a patient carrying the same
S HLA allele.

A pationt has a “risk” for an ADRR i the probabihily of the patient to develop

3
¢

an ADR is higher than the probability of the general population to develop the ADR.

aom

The probability of the patient (o develop the ADR 15 at Ieast about 1.3 fold, more
proferably at least about 2 told, still more preferably atieast about 3, 4.5, 6, 7. 8 or 9

30 fold, and most preferably at teast about 10 fold as hugh as the probabiiity of the

'."
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gmem% '_;'3(};_;12uiziti<;;n‘1 £ devﬂmp the ADR. The _;ﬁ.rr;ﬁ::a'ibiéiity can be deternnned by any
a g;iven risk factor is present in 5% i:‘sf the gﬁfﬂ-&l‘fﬂ population, 1 this factor is present

mn 10% of the patients who have an ADR, then the probability of & patient with this

)

risk factor to develop the ADR i3 2 fold as bigh as the probability of the general

population to develop the ADR,

A Urisk factor” for an ADR 15 a factor that i3 associated with the ADR. The
sensitivity of a risk facior is preferably at least about 40%, more preferably at least
aboul 30%, 60%, 70%, §0%, 83% or 90%. Most preferably, the sensiivity s at least

‘n

10 93%. The "sensitivity™ of a risk factor for predicting an ADR is the percentage of
patients with the ADR that possess the visk factor. In other words, if every 8IS
patient has allele A, the sensitivity of allele A for predicting 8IS i3 10094, 11 20 out of
40 815 patients have allele B, then the sensitivity of allele B for predicting 8IS is
50%.

13 An “equivalent genetic marker” of an allele o mierest velers to a genetic
marker that is linked to the allele of interest, Le., o displays a hinkage disequilibrium
with the allele of mterest,
nresent i a subject that are associated with diseases or medical ﬁrmditim}sﬁ

20 particularly adverse reactions o drugs. Typically, a pancl of genetic Factors s
determined in pharmacogenomics profiling, and the factors may or may not be
associated with the same disease, medical condition, or reaction 1o druy.

A dr‘ug compound, as used herem, refers to a wmpt}u;ﬁ:‘;{i@ that 15 a drug or the

3
¢

S halo, hydroxyl, acylamino, alkyl, alkenvi, -zilk.}fn vi, alkDxy, ﬂ'i.‘}fli}?i}", arvl, arvloxvaryl,
carbonyl, carboxyvialkyl, carboxyl-substituted alkyi, carboxyvi-cveioalkvl, carboxyi-
substituted cveloalkyl, carboxylaryl, carboxyl-substitated arvi, carboxyiheteroaryl,
carboxybsubstituted heteroarvi, carboxvlhsteroeyclic, cm*i;*u:rx;s:*b:fsubstimted
heterooycelic, eycloalkvl, substituted atkyl, substituted alkoxy, substituted arvi,

30 sghstituted arvloxy, substituted arvloxyaryl, substituted cycloalkyl, heteroaryl,

Y
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sabststated heleroaryl, beterocyelic or substituted heterocvehe group, The chenueat
groups are defined below. The subsistent can contain zevo to ten, zero 1o six, zero (o
four, or zerg o two carbon atoms,

As used hergin, “alky!™ refers to alkyvl groups having 1 1o 13 carhon atoms or |

)

to 6 carbon atoms.  “Substituted alkyl™ refers to an alkyl group, preferably of from |
ty 1O carbon atoms, having from { 1o S substituents selected from the group consisting
of alkoxy, substituted atkoxy, acyl, acylamine, thiccarbonviaming, acyloxy, amino,
ammidino, alkyl anmdino, thinamdino, amimoacyl, anunocarbonviamima,
amnothiocarbonyviamino, ammocarbonyvloxy, arvl, subsistuted arvl, arvioxy,

10 suhstitated arvioxy, arvioxylaryl, substituted arvioxyarvl, cyano, halogen, hvdroxyl,
nitro, carboxvi, carboxyatkyl, carboxyi-substituted alkyl, carboxyl-cycloalioyl,
carbonyi-substituted cveivalkyvl, carboxylaryvi, carboxyi-subatituted aryl,
carboxytheteroaryl, carboxyl~substituied heteroarvi, carboxyibeterocyclic, carboxyl-

substitufed heterocoyelie, oveloalovl, substituted cveloalkyi, guanidino,

»

15 guanidinosutione thiol, thioalkyl, substituted thicatkyl, thivaryl, subsistuted thioarvl,
ey - o i~ -
thiooveloalkyl, substituted thiocycloatkyd, thioheteroaryi, substitated thioheteroaryl,
thioheterocyelic, substituted thioheterocyelic, heteroaryl, substituted arvi, substituted

heteroaryd,

cycloalkoxy, heteroaryloxy, substituted hoteroarvioxy, heteroovelyvioxy, substituied
20 heteroovelvloxy, oxycarbonvianino, oxythwocarbonylamino, ~OS(0 ) ~alkyl, ~OS{O)
-substiuted alkyl, -OS(0); -arvi, -OS{0); -substituted arvl, ~-O8{0}, -beteroaryl, -
QS{{)), ~subsiituted heteroarvl, -ONMO ) -heteroeyclic, -0O5(Q: - subsiituted
heterocyclic, ~OS0: -NRR, -NRS(O); -alkvl, -NRS{O ) ~substituted alkyi, -NRS{O); -

arvl, ~-NRS{Q} -substituted aryl, -NRSO); -heteroarvl, ~-NRS(O} ~substituted

3
¢

S heteroaryl, ~NRS{O) ~heteroovelic, ~NRS{O), ~substituted beterocyelic, -NRS{O,
NR-alkyl, NRS(O¥ -NR-substituted alkyl, -NRS{O) -NR-arvl, -NRS(O), -NR-
substitisted arvi, ~-NRS{O ) ~NR-heteroarvl, ~NRS{O) ~NR-substituted

heteroarvl, -NRS{O): -NR-heterocyclic, -NRSQ): -NR-substituted heterocyelie,
mone- and di-alkyvianing, mono- and di-(sabsistuied atkyhamino, monoand di-

30 arylamine, mono- and di-{substitated aryhamino, mono- and diheterparylaming,
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rmono~ and dt ~-(:f~;ubstitzmﬁd hs’.”:rf;ﬁi"i}&i‘}*’l NG, mono- and di hgiunut f1C .mm, MORO-

)

het&m-c}f chio; substituted aik‘};-“} groups having annno groups biocked by conventional
blocking groups and alkyi/substituted alkyl groups substitated with -850 -alkyl, -S5O
-substituted alkyl, -8G; —alkenyl, -8Q; -substituted alkenyl, -850 -cveloalkvi, -S0O- -
sabstitated cveloalkyl, -S5O ~arvi, ~80; ~substituted arvt, -S5O, %heterf}mﬂ, -5} ~
subsiituted heteroaryl, ~SO» ~heterocyelie, -5Q: ~substituted heterocychic or -80 -~
10 NRR, where R is hydrogen or alkyl,
“Alkoxy” refers to the group “alkyl-0-" which meludes, by way of example,
pertoxy, n-hexoxy, i ,,_E **-diﬂl@ih}’ ] b Hlosy, a.,nd the I;ik,f;: "“"Substimt@d athox }»""" refers 1o
the group “substituted alkvi-0O-7
13 “Acyl” refers to the groups H-C(Q-, altkyl-C{)-, substituted alkyi-C{O})-,
ai‘ken}f1~C{(‘}}—-ﬂ sabstituted 511kf:stt}f%(f.‘i{(}}a-? :;ii.ky;n yi-C{O}-, sabstitated atkynyi-C{OY,
heteroaryi~Cy ()}“. substituted hetercarvi~C {(}} heterocyehe-C{QO3~, and substituted
heterocyehe-C{O}-, wherein alkyl, substituted alkyl, alkenvl, substitoled alkenyi,
20 alkvnyl, sabstitaied alkynyl evcloatkyl, sabstitaied cvcloalkyvl, arvl substiiuted arvl,
heteroarvl, substituted hetoroaryl, heterocyelic, and substituted heterocyelic are as
detined herein.
“Acylamino” refers to the group -CICHNRR where cach R s independently

selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,

-

3
¢

S substituted alkenyl, alkvayl, substituted atkynyl, aryl, substituted avvl, oveloalkvi,
substifuted oycloalkyl, hoteroaryd, substituted heteroaryl, heterocyehe, and subsiituted
heterocyehie; and where each R can be jomed to form, together with the nitrogen
atom, a heterocyei o substituted heterocyvelic ring wherein aikyl, substituted atkyd,

atkenvi, substituted atkenyl, atkvnvi, substituted atkynayl, cycloalkvl, subsiituted

8-
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cveloalkyl, aryl, substituted aryl, heteroarvl, substituted heteroarvl, heterocyelic and
sabsiitated beterocyelic are as defined herem.

*Acvioxy™ refers to the groups alkyl-CiOMY0-, substituted atkyl-C{O0-,
atkenyl-C(OQ-, substituted alkenv-C{O)O-, alkynvi-C{OYO-, substituted alkynyi-
CLO 0, aryi-C{UN O substitated arvi=C{O 0=, eveloatkyl-C(0HO-, substituted
cychoalkyl-C{O¥0-, heteroary-COH0-, sabstituted heteroaryC{(30-, heterocyclic-

)

C{OYO-, and substituted heterooyclic-C{N0- wherein atkyl, subsiituted alkyl,
atkenyi, substituted atkenyl, alkvnyvl, substituted alkynyl, cyvcloalkyl, substituted
cveloalkyl, arvi, substituted aryi, heteroaryl, substituted heteroaryl, heterocyelic, and

10 sohstitated heterocyelic are as defined herein.

“Alkenyt” refers to alkenyl group preferably having from 2 to 10 carbon atoms
and more preferably 2 10 6 carbon atoms and having at teast 1 and preferably from 122
sites of alkenyl unsaturation. “Substituted alkeny!l™ refers to alkenyl groups having
from | {0 3 subsiituents selected from the group consisting of atkoxy, substituted

15 alkoxy, acyl, acvlanmino, thiocarbonylamime, acvioxy, amimo, anudine, alkylanudino,
thioamidine, aminoacyl, aminocarbonyiamino, anunothiocarbonyiamino,
substituted aryioxyaryt halogen, hydroxyl, cyano, nitro, carboxvl, carboxylaikyl,
carboxyisabsistoted alkyl, cavboxvicveloalkyl, carboxvi-substituted cveloalkyl,

20 carboxylaryi, carboxyi-substituted aryl, carboxvtheteroaryi, carboxyi-substituted
heteraaryvl, carboxvibeteroevelic, carboxyisubstituted heterocyelic, eyeioatkvi,
subsistaied cveloalkyl, guamdino, guanidinosutfone, thiol, thicalkyl, substituied
thioalkyl, thicaryi, substitated thioaryl, thiceycloalkyl, substituted thiocycloalkyl,

thicheteroaryl, substituted thicheteroaryl, thioheterocyclic, substituted

3
¢

S thicheterocvehic, heteroarvi, substituted heteroaryl, heterocyclic, substifuted
heterocvehe, eveloalkoxy, substiluted cycloalkoxy, heteroarvioxy, substituted
heteroarvioxy, iwtﬂr@c}ﬂ yioxy, substitated heterocycltyloxy, oxycarbonylamino,
oxyiluocarbonylamino, ~OS(0) —allkyl, QS0 ) ~substituted aikyi, -O5(0): -arvl
QS{LN, ~subsiituted arvi, OS2 - heteroaryl, -S{( ) -substifited heteroaryl, -

30 ONO): ~heterocyelic, ~O8(0): - substtuted heterocyehie, <080 -NRR, -NRKO); -
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atkyl, -NRS{O}; ~substituted alkyl, ~NRS{(h); ~aryl, ~NRS(O ), ~substituted arvi, -
NRS{O): ~heteroaryl, -NRS{Q): -substituted heteroaryl, ~NRS(O ), ~heterocyehe, -
NRS{O): -substituted heteroovelic, ~NRS(O) ~NR-alkyl, ~NRS{O) ~-NR-substituted
alkvi, NRS(OH -NR-alkyvl, -NRSO) -NR-substituted arvl, -NRS{(}~ -NR-
heteroarvl, ~NRS(UH ~NR~substituted heteroarvl, -NRS{{h), ~NR-~

)

heterocyelic, -NRS(Q): -NR-substituted heterocyehe; mono- and di-altkylamio,
maono- and di-{(substituted alkyvDamine, monoand di-aryviamine, mono- and di-
{zubstituted arvilaming, mono- and diheteroarvlamimnmo, mono- and di-{substituted
heteroaryhamine, mono- and diheterocyclic amino, mono- and di-(subststated

10 heterocyelic) amino, unsymmetric disubstiiuted amines having different substituents

selected from the group consisting of alkyl. substituted atkyl, aryl, substituted aryl,
heteroarvl, substituted heteroaryl, heterocyelic and substituted heterocyehe and
sutbstituted atkenyl groups having amino groups blocked by conventional blocking
aroups {such as Boe, Ubz, formyl, and the like) and alkenvlisubstituted alkenyi groups
15 sobsttuted with -5QO: -alkyl, -SOh ~ substituted alkyl, -SOh ~alkenyvi, -SGk ~substituted
atkenvl, -8Q; ~cycloalkyl, -SOs -substituted cycloalkyd, -SO: -aryl, -80; -substituted
aryl, <8O <heteroarvi, ~SOh - sabstituted heteroaryl, ~SOs ~heteroeyelic, -850 -
substifuted heterocyehic or -50; NKR, where R s hydrogen or alkyd.
“Alkvnyl” refers to atkynyl group preforably having from 2 to 10 carbon
20 atoms and more preferably 3 (o 6 carbon atoms and having at feast 1 and prelerably
from 1-2 sites of alkynyvl unsaturation. “Substitated atkyny!™ veters to alkyvnyi groups
having trom 1 1o 5 substituents selectad trom the group consisting of alkoxy,
substitated alkoxy, acyl, acylamino, thiocarbonylanuno, acvioxy, amino, amidino,

atkylanudino, thioamiding, amincacyl, aminocarbonylamino,

3
¢

S aminothiocarbonviamino, aminccarbonvioxy, arvl, substituted arvi, arvioxy.

3
0
0

substituted arvioxy, arvioxyarvl, substituted arvioxyaryvl, halogen, hvdroxyl, evano,

nitro, carboxyl, carboxyiatkyl, carboxyl-substituted alkyi, carboxyicyvcloalkyi,
carboxybsubstituted oyeloalkyl, carboxylaryl, carboxvi-substituted arvl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxviheteroovehie, carboxyi-

30 sghstituted heterocyelic, oycloalkyl, sabstitated cyvcloalkyl, guamiding,

-1i3-
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guanidinosutione, thiod, thioalkyl, substituted thhoalkvl, thioarvl, substituted thoaryl,

thiocveloalkyi, substituted thooycloalkyl, thiohetercarvi, substituted thioheteroaryl,

thioheterocyelic, substituted thioheterocvelic, heteroaryl, substituted heteroaryl,

heterocyelic, substituted heterocycelic, eycloalkoxy, substituted cycloalkoxy,

heteroarvioxy, substituted hetervarvioxy, beterocyetyioxy, substiuted

)

heterocvelvloxy, oxycarbonyianune, oxythiocarbonylanuno, ~QS{0), ~alkyl, ~OS{Q);
-substituted atkyl, “O85(0)2 -arvl, -840, ~substituted aryl, QS{0)»-
heteroaryl, -OS{0): -substituted heterearvi, ~OS{Q) ~heterocyelic, ~OS(O) -
subststated heterooyclic, ~O50; -NRR, -NRS{(); -atkyl, ~NRS{O), -

10 sphstituted alkvl, ~-NRS{Q): ~arvi, -NRS{O), -substituted arvl, -NRS{O): -heteroaryl, -
NRS{O}) ~substituied heteroarvl, ~-NRSOH: ~heterooyehic, -NRS{(O): -substituted
heterocvelie, -NRSO): ~NR-alkyl, -NRMO}: ~NR-substituted atkyl, -
NRS{Op ~NR~arvl, -NRS{O) ~NR-substituted aryl, -NRS(O -NR-heteroaryl,

-NRS{O) -NR-substituted heteroaryl, -NRS{O): -NR-heterooycelic, -NRS{Q) -NR-

1S subsisteied helerocyelic, mono- and di-alkyvlanuno, mono- and di-(substituted

ai'i-\“}*‘ i}amin o, monoand di -~z'1r}fmminm Tone~ and .d.i‘-{s ubstituted .:fn*}.»'i}amiﬁm TORO-

substituted amines having ditterent substiluents selected from the group consisting of
200 aliovd, substitited alkyl, arvl, substituted aryl, heteroaryl, substiiuted heteroarvi,
heteraovelie and substituted heterooyclic; substituted atkynyl groups having smoino
grouans blocked by conventional blocking groups {such as Boe, Ubg, tormyl, and the
hike), and alkyoyl/substitated alkynyl groups substituted with -S5Oy ~alkyl, -850 -

......

substituted alkovl, ~SOs ~alkenyl, ~SO» ~substituted alkenyl, ~8SO; ~cveloatkyl, -8y -

3
¢

S substitated cycloatikyl, -S5O ~aryl, -50; -substituted aryl, -50; -heteroaryl, -8, ~
substifuted heteroarvi, -SO» ~heterocycelic, <50, ~substituted heterocvehic or <504
NREK, where R s hydrogen or alkyl,

“Ammeacyl” refers to the groups -NRUOOyalkyl, -NRC{O)substituted atkyl,
~-NRC(Oeveloatkyl, -NROHsabstituted eyveloalkyvl, ~-NRU{OYalkenyl,

30 -NRC{O)-substitated altkenyl, -NRC{O}-alkynvi, -NRC{O)-substituted alkynyi,
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~NRC{O)-arvi, -NRC{O)substituted arv], -NRC(OYheteroaryl, -NRLO(O)substituted
heteroaryl, -NRC{Oheterocyelic, and ~-NRO(Osubstituted heterocychic, where R 18
tivdrogen or alkyl and wherein alkyl, substituted alkyl, alkenvl, substituted alkenvl,
atkvnvi, substituted alkynyl, oycloalkvl, substituted cveloalkyi, aryl, substituted aryl,
heteroarvi, substituted heteroaryl, heterocyclic and substituled heterocyelic are as
defined herein.

“Aminocarbonvioxy™ refers to the groups ~-NRC{OYO-atkyl, -NRL{OGYO-
sabsttated alkyl, ~-NROHO-atkenyl, ~NRU{OH0O-substituted alkenvl, -NRC(OHO-
atkynyl, ~NRCO(OO-sabstitated alkynyl, ~-NRONO-cvcloaltkyl, -NRCNO-
sabstitaied cycloalkyl, ~NRC{Q¥O-aryvl, -NRCO-substituted arvl, -NRC{OYQ-
heteroarvl, ~-NRU{OYO-substituted beteroaryl, ~-NRU{O Mheteroeyclic, and -~
NROOM substituted beterocycelic where R 18 bydrogen or alkyi and wheves alkyl,
substituted alkyl, alkenvl, substituted alkenyl, alkvovl, substituted alkynyl, evcloalkyl,
substituted eveloalkyl, arvi, substituted aryl, heteroarvl, substituted heteroarvi,
heteroovelic and substituled heterooyelic are as defined herein,

“Oxycarbonyiamino™ refers o the groups -OCOINRR, -OCNINR-alkyd,

e

-OCIOINR-substituted alkyl, COC{OINR-atkeny], ~-OCHNINR-substituent alkenyl,
SOCENNR-alkynyl, <OCHOINR-substituted alkynyl, ~OCHENNRcveloalkyl, -
OCHEOINR-substituted cveloalkyl, ~OCHOINR-aryl, -OC{OINR~substituted
arvi, ~OCIINR-heteroarvi, ~OC{OINR-substituted heteroaryl, ~OC{OINR-
heteraovelie, and -OCIDINR-substiiuted heterocyehic where R s hyvdrogen or alkyd,
and where each R can be jomed to form, together with the mitrogen atom, a
heterocyclic or substituted heterocyvelic ring and wherein alkyl, substituted alkyi,
atkenvl, substituted alkenyl, atkynyl, substituted alkvayl, cycloalkyl, substituted
cycloalkyl, arvi, substituted arvl, heteroaryl, substitited betercaryl, beterocyelic and
subhstituted heterocovehe are as defined heremn.

AT or TArT refers fo an unsaturated aromatic carbocyctic group of from 6
to i4 carbon atons having a singie ning {e.g.. phenvh) or multiple condensed rings

{e. 2., naphthyl or anthovl) which condensed mings may or may 1ot be aromatio
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{¢.0., 2-benzoxazolinone, 2H-1 A-benzoxann-3{dH-one-7-vi, and the like}. Preferred
arvis include phenyt and naphthyl,
Substituted arvi refers to aryl groups which are substituted with from 1 to 3

substituenis selected from the group consisting of hydroxy, acyl, acylamino,

¢ A

thiocarbonyviaming, acyioxy, atkvi, substituted atkyl, alkoxy, substituted alkoxy,

alkenyl, substituted alkenyl| alkynyl, substituted allkyoyvi, anudineg, alkylamidine,

thioamidine, aniino, aminoacyl, aminocarbonyloxy, aminocarbonviamino,
aminothiocarbonylamino, arvi, substituted arvi, arvioxy, substituted arvioxy.
cveloalkoxy, substituted cycloatkoxy, hetercaryviogy, substituted heteroaryloxy,

10 heterocyclyloxy, substituted heteroovelvloxy, carboxyi, carboxyialkyl, carboxyl-
substituted alkvl, carboxyi-cycloaliv, carboxyl-substituted cycloatkvl, carboxylaryl,
carboxyi-substituted arvi, carboxyibeteroaryl, carboxy
carboxylheterocyclic, carboxyl-substituted heterocyelic, carboxylanudo, ¢yvano, thiol,
thioalkyvl, substituted thioalkyl, thioaryl, substitufed thioarvl, thioheteroarvi,

153 substiteled thioheteroaryl, thioevcloalkyl, substituted thiocycloalkyl, thioheterocycelic,
suahstituted thicheterocyelic, cycloatkyl, substituted cvcloalkyl, guanidino,
guanidmosutione, halo, nitro, heteroarvl, substituted heterogryl, heterocyehe,
substifitied beterocyelic, cyeloalkoxy, substituted cycloalkoxy, heteroarvioxy,
substituted heteroarvioxy, hetevoeyelvloxy, substitnted heteroeyelyloxy,

20 oxyearbonylanmino, oxyitnocarbonylamino, -SC{O Y -alkyl, ~S{O), ~substituied alkyl, -

S{O) ~cveloalkyl, -S{0) -substituted cveoaikyl, -S(O): -alkenvl, -5{0); - subsitiuted

atkenvi, ~-S{0): ~arvi, -S5O} -substituted arvl, -5{0): -heteroaryi, -S{0O ) -substituted

heteroaryl, -S(0O) ~heterocyehie, -S{0); -substitated heterocyelic, ~-O8{0); -alkyl, -

OS{O)y -substituted alkvl, ~OS{O) ~arvi, ~O8(0OY substituted aryl, O8O -

k]
h
L)

3
¢

S heteroaryl, ~OS{); ~substituted hetervaryl, ~OX0O), ~heteroeyelic, ~O5{0), -

L

substifuted heterocvebie, ~O80 ANRR, SANRS(O), ~alkyl, -NRS{O): - substitided alkovl,
sibstitufed hetercarvi, -NRS{O): -heterocyaiie, -NRS{O ) - substiluicd heterocyclic, -
NRS{O -NR-atkyl, -NRS{O): -NR-sgbstitated alkyl, -NRS{Q) -NR-arvl, -NRS{(O )

~1 3.
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heteroaryl, -NRS{O); -NR-substitated -NRS{O): -NRsabststuted helerocyclic, mono-
and di~alkviammo, mono- and di-(substituted alkyhamno, mono- and di-arylanuno,
mono- and di-{suhstituted arvhamino, monoand di-heteroarviamino, mono- and di-
{substitited heteroaryDaming, mono- and diheterocyelic anuno, monoe- and di-
{substituted heterocvelie} amuno, unsynumetric disubstituted amines having different
substituents selected from the group consisting of alkyl, subsistuted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyalic, substituted
heterocvelic, amino groups on the substituted arvi blocked 1‘33‘ conventional blocking
growps (such as Boc, Chz, formyl, and the bike), and -50: NRR, where R 15 hydrogen
or aikyl,

“Substituted arvloxyaryl” refers 1o arvioxyvaryl groups substituted with from
to 3 substituents on ether or both ary] sings selected from the group consisting of
hydroxy, acyl, acviamino, thiccarbonylammno, aoyvloxy, alkyl, substituted alkyl,
atkoxy. substituied alkoxy, alkenvi, substituted alkenvl, allovnyl, substituted alkyvnvl,
amidino, alkvlamadino, thicamiding, anino, amineacyl, anunocarbonyloxy,
aninocarbon }-*'iflmzimzs, amnoths nez;irbfmy i.zf.-_tm;im:s, aryl, sabstitated arvl, arvloxy,
ht:.t'm‘o-;iiryi.o:»;}-* E}ﬂtﬁtff&:&ﬁ}f@i }«‘ﬁi OXY, substituted i‘mts::rm:}* c:.'i.}f}ﬁx}g carboxyl, carboxylatkyi,
carboxyisabstituied alkyl, carboxyvi-cyeloalkyl, carboxyi-substituied cyeloalkyl,
carboxylaryi, carboxyi-substituted aryl, carboxviheteroaryi, carboxyi-substinsted
heteraarvl, carboxvibeterocyelic, carboxyi-substituted heterocyehic, carboxylamido,
cvang, thiol, thipalkyl, substituted thioalkyl, thioaryl, substituted thivaryl,
thioheteroaryl, substituted thicheteroary], thioccycloalkyl, substituted thioeycloalkyl,
thicheterocyelic, substituted thioheterocyelie, cyeloalkyl, substituted cycloalkyl,
cuaniding, guanidinosutione, halo, nitro, heteroaryl, substituted heforoaryl,
heteroovelie, substituted heterocycelic, eycloalkoxy, substituted eycloatkoxy,
heteroarvioxy, substituted heteroaryloxy, heterocyelyioxy, substiuted
heteracvelvioxy, oxvearbonvianung, oxyvihiocarbonyvlanno, ~S{0O) ~alkyvl, -5{(O) -
subsiuiced alkyl, -S{Oh ~cyvcioatkyl, -5{0): -substituted cycloalkyl, -5{0): - alkenyl, -
S{O): -substituted alkenyl, -S(0O): -aryl, -S{O): -substituted aryl, -S{O} ~ heteroaryl, -

<14
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5{0): -substituted heteroaryi, ~S{0), ~heterocyehe, -5{0)- -substituted heterocyvelic, -
OS{0) ~atkyl, ~O8O): -substituted alkyl, ~OS{O}), ~aryl, ~OS(0), - substituted aryl, -
OS{Q): ~heteroaryl, -O5(Q0), -substituted heteroaryi, ~O8(0}); - heterocyelic, -O8(0)
-substitited heterocvelic, ~OSO, -NRR, -NRSO): -alkyl, -NRS{(} -
substituted alkvi, -NRKMO), ~arvh, -NRN(O): -substituted arvi, ~-NRN{), ~heteroaryl, -
NRS{O) ~substituted heteroaryl, -NRS{O): -heterocyche, -NRS{O}: - substituted
heteroovelic, -NRE(OY: -NR-alkyl, -NRS(O), -NR-substituted alkvl,
NRN O} -NR-arvl, -NRS(O): -NR-substituted avvl, -NRS(L), ~-NR-heteroaryl, -
NRS{Q): -NR-substituted heteroaryl, -NRS O} -NR-heterocyetic, ~-NRS{O}; ~NR-~

10 sphstitated heterocyelic, mono- and di-alkylamino, mono- and di-(substituted

)

alkviamino, mono- and di-arviamino, mono~ and di~-(substitsted arvihiamino, mono-
and di-heteroarylanmino, mono- and di-(substituted hetercarviiamine, mono~ and di-
heterocyelic amino, mono- and di-(substituted heterocyelic) annne, unsynunetric di-
substituted amines having different substituents selected from the group consisling of
15 alkyl, substituted alkyl, arvl, substituted arvi, heteroaryi, substituted heteroaryl,
heterog y'cri ic and substitated hﬁi‘ﬁi‘@@}’ﬂ e, anno groups on the substitufed aryl
h}fdm gent or atkoyd
“Cyeloalkyl™ refers to oyclic alkyl groups of from 3 o & carbon atoms having
20 asingle cyehe ring including, by way of example, cvclopropyl, cvclobaivl,
evelopenivl, eyelooctvl and the ke, Excluded from this definttion are multi-ring
atkyl groups such as adamantanyl, “Cycloatkenyl” voters 1o eyelic alkenyi groups of

from 3 to 8 carbon atoms having single or muihiple unsaturation but which are not

3
¢

S “Substituted-cyeloalkyl” and “substitited cyvidoatkenyt” refer to a ovcloalkyl
and cveloalkenyvi groups, preferably of from 3 {0 8 carbon atoms, having trom 1 1o 5
substituents selected from the group consisting of oxo (=0}, thioxo {(=8), alkoxy,
sibstituted atkoxy, acvl, acylanuno, thiocarbonyvlamino, acvioxy, sming, aniding,
atk vianudinge, thicamidino, amineacyl, anmunocarbonyviaming,

30 aminothiocarbonyvlamine, aminocarbonyvioxy, arvl, substituted arvi, aryloxy,



)

0

20

3
¢

CA 02651954 2008-11-10

WO 2007/134235 PCT/US2007/068782

e, s:iaffbn:;%‘fs;}-‘i, earbo&yi&ik'}f'} arboxyi-substituted alkyl, mrhmx -oycloalkyl,
carboxvl-substituted cveloalkyl, carboxvlarvl, carboxyl-substituted aryl,
carboxviheteroaryl, carboxyl-substituted heteroarv, carboxyibeterocyelic, carboxyl-
substifuted heterocvehic, eyeloalkyl, substifuted oycloaikvl, guanidino,
suaradinosulfone, thiol, thicalkyl, substituted thicalkyl, thioaryl, substtuted thioaryl,
thiocycloalkyl, substituted thioovcloalkvl, thioheteroarvl, substituted thioheteroarvl,
thicheterncyehic, substituted thioheterocyclic, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyelie, eveloalkogy, subststuted cyveloalkoxy,
heteroarvioxy, substituted heteroarviosy, heterocyelviosy, substitaied
heterocyelyloxy, oxycarbonylanune, oxvthiocarbonviamino, ~O85(0 ) -alkyl, ~OS({);
~subistituted alkvi, ~ON0): ~arvi, ~OS(0); ~substituted avvl, ~OS{0H-

heteroarvl, ~OS(0O), ~substituted hetercaryl, ~OS(Q); -heterocyalic, ~O5(0):-
substituied heterooyvelic, -0O80: -NRR, -NRS{O): -alkyi, -NRS{Q), ~substituted alkvl,
-NRS{O): -aryl -NRS{):2 -subststuted arvi, -NRS{(O); ~heteroaryl, -NRS{O); -
substituted beteroarvi, -NRS{O}): ~heteroevelic, ~-NRS{Op —substituted heterocycelic, -
NRS{Q}) -NR-alkvl, ~-NRS{O) -NR-substituted alkvl, ~-NRS{O) ~NR-aryl, ~NRSO
~NR-substituted aryl, -NRS(Q}; -NR-heteroaryl, -NRS{QO-NR-substituted
heteroarvl, -NRSMO): ~NR-heteroovehe, -NRS O3 -NR-substituted hetervooyclic,
mone- and di-alkyviamino, mono~ and di-(substituted alkyDaming, monoand di-
aryvianuno, mono- and di-(substiuted arvhamine, mono- and di-heteroarylamino,
monoe- and di-{substituted heteroarvhamino, mono- and di-heterooyelic aming, mono-
and di-{substituted heterocyehic)y amino, unsymmetric di-substitated anunes ha ving
different substituents selected from the group consisting of alkvl, substituted alk
aryl, substiuted aryi, hetoroarvl, substitited heteroaryvl, heteronvelic and substituted
heteroovehe, substituted atkynyl groups baving amino groups blocked by
comventional blocking groaps {such as Boce, Cbz, formyl, and the hike} and
aikyvnylsubstinuted alkyvovl groups substiluted with -5(: -alkvi, -S5O - substitiged

atkyl, -S5O —alkenyl, -S0: -substifuted alkenyl, -SO: -eycloatkvi, -50: -subsiituted
cycloalkyl, -S5O ~arvl, -S5O, ~substituted aryl, -SO; ~heterparyl, -50; - substituted

-}
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heteroaryl, -SOy ~heterocvehie, ~S0 ~substituied heterooyelic or ~SO; NRR, where R
18 hydrogen or alkyi,

“*Cycloalkoxy™ refers to ~O-eveloalkyl groups, “Substituted cveloalkoxy™
refers to -O-substituted cycloalkyl groups.

“Halo” refers to fluoro, chiore, bromo and jodo and preferably is ether chloro
or hroma,

“Hets::f-o.aryi refers o an aromatic carbooycelic group of from 2 1o 140 carbon

and saifur within the ring. Such heteroaryl groups can have a ﬁ;inglfz ring {:i‘:f;.g;‘. g_ p}-‘rid}f'f

e a

or furvl) or multiple condensed rings {e.g., mndolizinyl or benzothienvl)., Preferred

heteroarvis inchude pyvnidyl, pyrrolyl, indolvi and furvl,

from 1 10 3 substituents selected from the group consisting of hydroxy, acyl,
acyiaming, thiccarbonviamino, acvioxy, alkvl, substituted atkyl, atkoxy, substituted
atkoxy, atkenvi, substituted atkenyl, alkyvnvl, substituted atkynyi, anuding,
atkylamuding, thicamiding, aming, anunoacyl, aminocarbonyioxy,
substituted aryim}@ CY ﬁ:k?;:fiko;:;}-*g subsiituted © }«*al;a:sa,}_kc:srx}g ’ii‘i@'tﬁ:;ﬁ‘ﬂaryia}.ﬁ:}‘; substituted
heteroarvioxy, heterooycivioxy, sabstinted boteroeyelyloxy, carboxvi, carboxylatkvl,
carboxyisubstituted alkyl, carboxvi-cveloalkyl, carboxvi-substituted cveloalkyl,
carboxylaryl, carboxyi-substituted aryl, carboxyltheteroaryi, carbosyi-substitufed
heteroaryl, carboxviheterocvelic, carboxyi-substituted heterocvelie, carboxylamudo,
cyvano, thiol, thioalkyl, substituted thioalkyl, thioaryi, substituted thioaryl,
thiocheteroaryl, substituted thicheteroarvl, thiocycloaltkyl, substituted thiocyeloalkyl,
thigheterocyelic, substituted thioheterocyelic, cveloalkyd, substituted cycloalkyl,
guarndinge, guanidhnosutione, halo, nitro, heleroarvl, substiiuted hetoroaryvl,
heterocyelie, sabstitated heterocyelic, eycioatkoxy, substituted eveloalkoxy,
heteroarvioxy, substituted heteroaryioxy, heteroovelvioxy, subsituted
heterooyelvloxy, oxvearbonviaming, oxvihiocarbonyvianino, -S{0O) -alkyi, -8 -

sabstitated alkyl, ~-S{O ~ovcloalkyl, -8(0 ) -substituted cycloatkyi, -S{0); - alkenyl, -
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5{0): -substituted alkenvl, -S{0O}): -aryl, ~-M{3), -substituted arvi, -0} - heteroarvl, -
S{0}: ~substituted heteroaryi, ~S{0O) ~heterocvelic, -S5O} -subshituted

heterocyelic, ~OS{O): -alkyl, ~OS{O) ~substituted alkyl, -OS(Q); ~aryl, ~-OS{Q): -
substituted arvl, -OS(0) -heteroaryl, ~O8{Q ) ~substituted heteroarvl, -O8S(0) -
heterocyelhic, ~ON0), ~ssubstituted heterocyehic, =050 -NRK, ~INRS{{ ) ~atkyl,
INRS{O) ~substituted atkyl, -NRS{O)z ~arvl, -NRS(O), -substituted aryl, -NRS{O); -
heteroaryl, -NRS{O): -substituted hetoroaryl, -NRS(Q), -heterocvelic,  -NRS{O)» -
sabststuied heterocyelic, ~-NRS{(O ) -NR-alkyl, ~NRS{QG 1 ~NR-~substituted alkvl, -
NRS{O): -NR-aryl, -NRS(OY): -NR-substituted aryl, -NRS({) ~-NR-heteroaryl, -
NRHQ ) -NR-sabsttuted heteroarvi, -NRS(U): -NRheterocyelic, ~NRS{O ) ~NR-
substifuted heterocvelic, mone~ and di-alkylamino, mono- and di~{substituted
aliovijammo, monoe- and di-ary Em‘nirm,,. one~ and d ~{.~';?l:¢hstituted m‘fyi}mnim, PROSIO-

heteroovelic aming, mono- and d:«{\ubsumkd hgtum}dm amino, unsynunetric di-

sabsistated anunes having ditferent substituents selected from the group consisting of
alkyl, substituted alkyvl, avvl, substituted arvi, heteroaryl, substitisted heteroary,

heterog ycsiic and substituted ;waﬁmcyﬁ:ﬁi IC, anno groups on the substituted mj@ffli

and ~SCh ;:.\fjf{Rﬁ. where R is hy s;hﬁgeﬂ or atkyl.

“Heteroaryloxy™ relers to the group ~O-hoteroaryi and “substiluted
heteroarvioxy™ refers to the group -O-substifuted heteroaryl,

“Heterocyele™ or “heterocyclie™ refers to a saturated or unsaturated group
having a single rng or multiple condensed rings, containing from | to 10 carbon
atoms and from 1 to 4 heteroatoms selected from the group consisting of nitrogen,
siffur or oxveen within the ring. In fused ring systenis, one or more of the rings can
be aryi or heteroarvl,

“Substituted heterooyehic” refers 1o heterocycle groups which are sabstituted
with from 1 o 3 substituents selected from the group consisting of oxo (=0}, thioxo
(=8}, alkoxy, substitited alkoxy, acyl, acviamano, thiocarbonviaming, acyloxy, aming,

amidino, alkylamidino, thioamidino, aminoacyl, aminocarbonyluming,

i
Sy b
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amothiocarbonyilamino, aminocarbonyloxy, arvl, substituted arvi, arvioxy,
sabsiitoted arvloxy, arvioxyvaryl, substitated arvioxvaryl, halogen, hyvdroxyl, cyano,
mitre, carboxyl, carboxyialkyl, carboxyvi-substituted alkyl, carboxvi-cyeloalkyl,

carboxvi-substituted cvcloakyl, carboxylaryl, carboxyi-substituted arvi,

)

carboxyihetervaryl, carboxyl-substituted heteroarvi, carboxyibeterocychic, carboxyi-
substitufed heterocyehe, cveloalkyl, substituted eycloalkyl, guanidino,

ouantdinosuifone, thiol, thicalkyl, substitited thicalkyi, thicaryl, substituted thicaryl,

thiocveloalkyl, substituted thiocycloatkvl, thiohetercarvl, substituted thioheteroaryl,
thioheterocychic, substituted thioheterooyelic, heteroaryl, substituted heteroaryl,

1 heterocyelic, substituted heterocyelic, eycloalkoxy, substituted cycloalkoxy,
heteroarvioxy, substituted heteroarvloxy, beterocyelyloxy, substituted

a

heterocyelyvloxy, oxycarbonyianuneo, oxythwocarbonylamuno, ~O5{0 -atkyl, ~OS({0);
~substituted alkyl, ~OS(O); -arvl, ~OS(0); ~substituted arvl, ~OS{O)-hicteroaryl, -
QS{(), -substituted heteroarvl, -Q8{0): -heterocyclie, ~OS{Q)-substituted

1S heterocyelic, ~O50;: -NRR| -NRS{O): -alkyl, -NRS{Op —substituted alkyl, -NRNO)
~aryl, ~-NRS{Q): -substifuted aryl, -NRSO);: -heteroary], -NRS{Q): -substituted
heteroarvl, ~NRS{O ) ~heteroevelic, -NRS{O): ~substituted heterocyche, -NRS{O); -
NR-atkyl, ~NRS{(O ) ~NR-substituted alkyl, ~-NRSO): ~NR-~alkyl, -NRMO) -NR-
substifuted aryl, ~-NRS{Q)s -NR-heteroaryl, -NRS{0 ) ~NR-substituted heteroaryi, -

200 NRS{O) -NR-~heterocycehic, ~NRS(O), ~NR-substituted heterocyehe, mono- and di-
atkyviamine, mono- and di-(substituted alkyhanuno, mone-and di-arylamiino, mono-
and di-{substituted arvilamino, mone- and di-heteroarviamine, mono- and di-
{substiinted heterogryDamine, mono- and di-heterocyclic mono-~ and di~(suabstituted

heterocyelic) amino, unsymmetric di-substiiuied amines having different substituents

3
¢

S selected from the group consisting of alkyl, substituted atkyl, aryl, substituted arvi,
heteroarvi, substituied heteroaryl, heterooyelic and substttuled heterocyelic,
substituted atkynyl groups having amino groups biocked by conventional blocking
aroups and alkvnvisubstituted alkyny! groups substituted with -80: -alkvl, -80- -
subsiuied alkyl, -S( -atkenyl, -SO: -substituted alkenyl, -50: -cvcloathvi, -50: -

30 substitated cycloalkyl, -850 ~arvl, -S5O ~substituted arvl, -S5O, -heteroaryl, -850 -

AL
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sabstitated heleroaryl, -S5O, ~heterocvelic, ~S0, ~substituted heterocyelic or -8
NRR, where R 18 hvdrogen or alkyl,

Examples of heterocyeles and heteroarvls include, but ave not limited to,
azetidine, pyrrole, imidazole, pyrazole, pyniding, pyrazine, pynimiding, pyridazioe,
wndodizine, soindole, mdole, dibvdromdole, indazole, purine, gquinolizine,
isoguinoline, quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline,

cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, phenanthiroline,

»

isothiazole, phenazme, soxazoie, phenmxazine, phenothiaane, mudazolidine,
imidazoline, pipenidime, piperazine, ndoline, phthahnude, 1, 2, 3, 4-
thiophene, benzelbithiophene, morpholino, thionorpholino, pipendinyl, pyrrohidine,
tetrabydroturanyl, and the hike.

“Heterooyelvioxy™ refers to the group ~O-heteroeyclic, and “substifuted
heteroovelyloxy™ refers to the group -O-substituted heterocyelie,

‘The detasts of one or more mmplementations of the mvention are set forth m the

DETAILED DESMCRIPTION OF THE INVENTION
Some evidence suggests that the pathogenesis of several simtlar muliisystem
A DRs involves MHC-restncted presentation of a drag or 1ts metabolites, which either
directly bind to MHC molecules or bind to endogenous proteins, and activation of 1
cells {Svensson of al., Pharmacol, Rev,, 333 3357-379, 2004}, Skin~nidorating CDEH
cvtotoxic T cells were found o be dopunant in the ballous reactions such as SISTEN

{Ham ct al,, Chn, Exp. Altergy, 3191 1398-1408, 2001, whereas CD4+ helper T cells

were characteristic of milder cutancous ADRs, such as maculopapular rash {Pichier ot
al., Int. Avch. Alergy Imminol, TI3(1-30177-180, 1997},

ftowas discovered that HLA-B® 1502, HLA-B*3801, and HLA-B*4601 are
respectively assoctated with SIS/TEN induced by CBZ, with SIS/TENHSS induced

by altopurined, and with milder cutancous ADRS {e.g., macuiopapudar rash, erythema

223
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ruultiforme, articana, or hixed drug eruplion) mduced by UBZ. Thus, these HLA-B

atleles are useful genetic markers for determining whether a patient 1s at risk lor
developing ADRs {e.g., 8IS, TEN, HSS, or milder cutaneous ADRys) tnduced by CBZ

.

compounds, allopurinot compounds, or druegs otherwise having similar structures

thereof,

)

LK R

CBZ, also known as Tegretol, Tegol, G-32883, Biston, Calepsin, Carbatrol,

Epttol, Finlepsin, Sirtal, Stazepine, Telesmin, or Timonil, is an aromatic
phenobarbital, cause ssmilar ADRs as CBZ. Therefore, HEA-B* 1502 can be

1 employed o assess the risk for ADRSs to these other aromatic anticonvalsants as well,
The aromatic agticonvalsants for which HLA-B¥1302 can be used as 3 risk {aetor also
netade compounds or metabolites of C3Z, phenytom or phenobarbntal, Metabolites
of these drugs are known in the ant (see, e.g., Gemms et al., 1991 Leeder, Epilepsia,
39 Suppl, 7:58-16, 1994; Naisbitt et al., Mol. Pharmacol., 63(31:732-741, 2003), such

P as UBZ-10, 11 epoxide, CBZ-H) 1 -diol, CBZ- 2.3-dwol, dibvdro CBZ, CBZ catechol

and CBZ o-guinone, p-hydroxy phenyvtoin, phenvioin dibvdrodiol, phenytoin catechol,

The present smvenbion provides a method of predicting whather a pationt is at
20 risk for developing ADRs, particularly 8IS, TEN, or HSS, based on the presence of
cortain HLA alleles or thewr equivalent genetic markers i that patient.
{n one exampie, the presenece of HLA-B™ N2 11y a patient indicates that the
patient 18 at risk for developing SIS/TEN mduced by CBZ compounds, compounds

otherwise structurally similar to CBZ, or metabolites thereof, Table § shows examples

3
¢

-

S of compounds that can induce SISTEN i an HLA-B* 1502 carnier.

Table 1. Drug compounds associated with SIS in patients with HLA-B® 1502
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carbamazepine, Epitol, Tegretol Microtrol |

Bipotrol, carbamazeping , carbamazepine, |

Phrarmavene, carbamazepineg, Carbatroi, :
SPD-417 g
5H-Dibenz{ b flazepine-5-carboxamide E
{CAS]
Oxcarbazeping, Trileptal 34
GP-47680, GP-47779, GP-47779 MHD, — 3»#--“\ SN
' L VAR {0
KIN-493, oxacarbazepine, TRI-476, TRI- | \ ) NN
477, TRI-477 {(MHD), Trileptal NP, o }
[CAS]: SH-Dibenz{b,flazepine-5- s
carboxamide, 18,11-dihydro-106-oxo E

ul®.

Hcarbazepine :
BIA-2-093 o
BIA-2-005 ‘a_._w-\
[CAST 1 {S)-{~}-10-acetony- 10,1 1 ~dihydro-5H- ; ™ i \“\‘*
dienzaf b, §f azegine-S-carboxamide {‘;‘\ \/'i\\x_w“,.f’ ,_;w:__tﬁ;f

‘...‘-L‘...--L‘...--h.....‘-h‘...‘-h‘...--h.....--h.....‘-LA..L-LAALAALAALAA*AALAALAA*A‘*‘A:‘ALAA*A‘*‘ALAALAA*A‘*‘ALAA-h‘...‘-h‘...--h‘...--h.....--h‘...‘-h‘...--h‘...--h.....--LA..‘-L‘..L-L‘..L-L.....‘-h‘...‘-h‘...--h‘...--h.....‘-LAA-LAA*AALAALAA*AALAALAALAA*AA:‘ALAALAA*AALAALAA*A‘*‘ALAA-h.....‘*A‘*‘AL‘AL‘A-&A‘-&‘.AL‘.AL“

modafinil, Sparion{New Formulation PN
drug), i o I
%{CAS} . Acetamide, 2-
k{ﬁﬁipheﬂ?imethﬂ}ﬁiﬁ?ﬁﬂyi}* o )

e e e e e el e e e e e e e e el e e e e e e e e e e e e e e e el e e e e e e el B e e e e e e e e B e e e e e e e e B e e e e e e e el B e e e e e e e el e e e e e e e e e B e e e i D e B B B B B B e e e e e e i Bl e e e e e e el i e e e e e e e e e i e e e e e e e el e e e e e e e el B e e e e e e e e e B B e e e e e e i B B e e e e e e e el B e e e e e e e el e e e e e e .

{n another example, the presence of HLA-B®3801 in a patient indicates that
the patient s at misk for SISATEN or HSS mduced by allopurinel compounds,
compounds otherwise structurally similar to allopurinol, or metabolites thereol., Table

S shows examples of compounds that can tnduce SISSTEN or HSS i patients

L4
.

carrving HLA-B*3801,
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Tabicll: Drue compounds associated with 815 10 patients carrvine HELA-B™ S8

Nemes  Stuctwool the active ngredient

Allopurinol, Aloprim, Zyloprim, Apo-

Allopuringl, Purinol

Pl gt o P B bt o o B B N il ittt o g g B B L i

Oxypurinot, Oxyprim
[CAST ¢ 1H-Pyrazoiel3,4-djpyrimidine-
4,.6(5H, 7H-dione

---------------3’

L

Febuxostat, TEI-6720, TMX-67

[CAS]: S-Thiazolecarboxylic acid, 2~{3-
cyano-4~{ 2-methyipropoxy ) phenyt -4~
methyi-

.PJ'.F.PJ'.F.PJ'.F.PJ'.F.PJ'.’.PJ'.F.PJ'.’.PJ'.F.PJ'.F.PJ'.F.PJ'.F.PJ'.’.PJ'.F.PJ'.’.PJ'.F.PJ'.F"J'.’.PJ'.F.PJ'.’”’.’””””””””””

---------------------.’.------------------------

Y m——m T
1-{3-Cyano-4- \
neopentyloxyphenylipyrazole-4-

carboxylic acid

madafinil, Sparton{New Formulation
drug),

[CAS] @ Acetamide, 2-
F{diphenylmethyhsulfinyl]-

ﬁ‘-‘r
pley
rably

-------------------r

N i i i i i i il ol ol o P 0 0 B R R RN

H

In yvet another example, the prosence of HLAAB™6GT m a patient indicates
that the patient s at nisk or developmg muld cutaneous ADRs, e.g., macelopapular
rash, induced by CBZ.

Other HLA-B alicles can also be predispositive for cutlancous ADRs. For

example, ankylosing spondyhitis 13 strongly associated with HELASB27Y alleles, such as
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B2701-B%2723. (Khan, Carr. Opin. Rheamatol., F2(43235-.238, 2000; Feltkamp et
at., Curr. Opin, Rheumatol,, 13{4 3285290, 2001 3.
The presence of a genetic marker {e.g., an HLA allele) can be determined by

direct detection of that marker or particular regions within i, Genomie DNAs for

)

altele defection can be preparved from a patient by methods well known in the art, e.g.,
PUREGENE DNA punification system from Gentra Systems, Minnesota, Detection
of a region within a gengtic marker of interest includes examining the nucleotide(s)
located at either the sense or the anti-sense strand withun that region. Methods known
in the art can be used to detect a particalar region, e.g., Segquence spectfic
10 oligonucleotides-hybridization , Real-time PCR, or CSSO-ELISA {M. Hiratsuka et al,
I oof Bicchemical and Biophvsic, Methods, 67:87-94, 2{{(i6).

The presence of HLA-B®U502 can be determined by detecting at least two of
Regions 1-6 shown m Fig. 1. The presence of these regions can be deternuned by

detecting nucleotides at cortamn posttions within these regions, €.¢., posiions | and 3

M '

1.4

i Region 1, positions | and 610 Region 2, and posittons | and 3 in Region 3.

Presence of any two of Regiong 1-6 indicates that the patient 18 an HLA-B¥ 5302
The presence of HLA-B¥3801 can be determined by detecting at least two of
Regions 1-6 shown i Fig. 2. The presence of these regions can be deternined by

200 detecting the nucieotides at certain posuions within these regions, ¢.g., positions |, 2.

e

o
d
d

andd 3 in Region |, positions 1,4, 6, 7, 8, 15, 16, and 20 in Region 2, positions 2, 4, 3,
8. and 9 i Region 3, positions 3 and S 1 Region 4, positions 1 and 9 1 Region 3, and
positions 3 and 1) in Region 6. Presence of any two of Regions 1-6 indicates that the

patient 18 an HLA-B¥ 3801 carrier.

3

3 The DNA products oblained from PCR can be defected using sequence-
speeiiic probes, €., hyvdrolysis probes from TagMan, Beacons, Scorpions; or
hybridization probes These probes are designed such that they bind o the regions of
mterest, .8, Regions -6 of HLA-BS {502 or Regions -6 of HLA-B™3801. The

PUR prodacts also can be delected by DNA-binding agenty, e.2.. SYBR&: Greon.
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‘The presence of an allele of interest also can be determined by detecting
genctic markers equivalent to the allele, Genetic markers near the allele ol interest

tend to co-segregate, or show a linkage disequilibrium, with the allele. Consequently,

the presence of these markers (equivalent genetie miarkers) is indicative of the

)

presence of the allele ot mterest, which, w turn, 18 mdicative of a risk for ADR
development. Exenplary genctic markers equuvalent to HLA-B#1502 inclade

DRB*1202, Cw™* 0801, Ow™U806, A™ i()'ié_,} and MIUA™G19, Exemplary markers

M E-CA FOO201.

10 An equivalent genctic marker can be of any type, ¢.¢., an HLA allele,
microsatellite marker, or a single nucleotide polymorphismt {SNP} marker, A usefud
equuvaient genctic marker 18 normaliy about 200 kb or {ess {e.g., 100 kb, 80 kb, 60 kb,
40 kb, or 20 Kby from the allele of wnterest, Methods deseribed above or known in the
art can be used 1o detect the presence or absence of an equivalent genetic marker.
interest can be detected o determne the presence or absence of the allele, For
example, serotyping or nueroeytotoxaity methods can be used 10 determine the protein
product of an HLA allele.

To further increase the accuracy of nisk prediction, the allele of terest andior

200 its equivalent genetic marker can be deterniined along with the genetic markers of
accessory molecudes and co-stimuiatory molecuies which are mvolved in the
interaction between antigen-prasenting cells and 1-cells. These genstic markers
inchude microsatethite and single nucleotide poltymorphism (SNPj markers. The
accessory and co-stimulatory molecules mchude cell surface molecules {e.g., CDHR(,

S U860, CDIE, CD4, CDE, T cell recoptor {TOR), ICAM1, Chit g, CDS&, CD2, et}

3
¢

and milasomatory or pro-mflammatory oytokines, choemokines {e.g, TNF-u), and
mediators {e.g., complements, apoplosis protems, enzymes, extraceiialar matrix
comnponents, o¢. ). Also of nxorest are genetic markers of drug metabolizing: enzymes
which are involved in the bioactivation or detoxatication of drugs. These genetic

30 markers also inchude microsatetite and SNP markers. The drug metabolizing
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enzymes melude phase | enzymes (eg., oytochrome P45 superfamily ele.} and phase
Hoenzymaes {e.g., microsomal epoxide hydrolase, arviamine N-acetyiransterase, UDIP-
clucuronosyi-transferase, ete.).

The present invention further provides a method for pharmacogenomic

)

profifing. A panel of genetic factors 18 determined for a given individual, and cach
eenetic factor is associated with the predisposition tor a disease or medical condition,
including ADRs, In the present method, the pancel of genetic factors includes at feast
one atlele selected from the group consisting of HLA-B= 1532, HLA-B¥3801 and
HELA-B¥4601. The panel can inclade two alleles or all three alleles tfrom the group.
10 In gddition to HEA-B®1502, 3801 and/or 4601, the panel can include gr
known genetic factors, such as thiopurine meth }“ii.i*aisfisfbrasﬁf and genes tor the fong-
(FF syndrome. The genetic markers for accessory molecudes, co-stimulatory
molecules andfor drug mclabolizing enzyvmes deseribed above can also be included.
Also within the scope of the Invention is a Kit comtaining probes for detecting
IS5 genetic markers, e.g., HEA-BY 1502, HLA-B¥3801 or HLA-B*4601. The term

*‘pmhe*" used herein refers 1o any substance useful for detecting another substance.

sm:cih by hybridizes to a particular region withi an allele of interest, The
conjugated oligonucieotide relers to an oligonucleotide covalently bound to

20 chromophore or 8 molecuies contamning 4 higand (¢.g., an antigen), which s highly
spectitc 10 a receptor molecular (0.¢., an anttbody specitic o the antigen). The probe
can also be a PCR primer, together with another primaer, for amplifying a particular
region within the allele of interest. Farther, the probe can be an antibody that

recognizes an allele of interest or a protein product of the allele, Optionally, the kit

23 can contain @ probe that targets an internal control allcle, which can be agy aliele
prosenied 1n the general population, e.g. GAPDH, B-actin, KiIR. Detection of an

internal control allele is desipned to assure the performance of the kit
The kit can further mclude tools andfor reagents for collecting biolouical
sampies from patients, as well as those for preparing genomic DNA|, cDNAs, RNAs

30 or profems from the samples. For example, PUR primers for amplifying the relevant
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regions ol the genomie DNA may be meluded. The ki can also contain probes for

genctic factors usetut in pharmacogenonuc profiling, e.g., thiopurine

methyliransterase.

In one example, the kit contains a first probe and a second probe, gach for

)

detecting a region selected from Regions -6 of HLA-B™ 5 or from Regions 1-6 of
HEA-BI5801. The first and second probes target different regions. These two probes
can be a pair of PCR primers, or fabeled oligonucieotides useful in hybnidization
assays, Oplionally, the kit can include a third probe for detecting an mtemal controd
aticle. It can also include addstional probes for delecting addittonal regions within
H HEASB™502 or HLA-B®3K01.
in vet another aspect, this invention provides a method of identifving a drug
compound that induces an ADR {e.g., SISATEN or HEN) in a patient carrving an HLA
altele associated with the ADR {e.g., HLA-BH1502, HLA-BY3801 or HLA-B*4601).
It 15 sypgested that drugs can be presented by certain HLA complexes to activate T
153 lvmphocyies, consequently inducing ADRs, T cells reactive 1o these drugs are
suggested o be mvolved in the dev syimprmnt of ADRs indaced by these drugs. Thus,

compounds that can getivate these T cells are candidates for inducing ADRs ina

patient carrying one of more HLA alleles associated with these ADRs. As a result,

this method can be used as a screemng method m new drag development to find out
200 drug compounds that could mduce such ADRs.

Crenotyping can be performed on an ADR patient to deternune whether the
patient carries an HLA allele assocated with the disease. T ivimphocoyies and antigen-
pmsa:mi ng celly {' e.2., B cells or monocytes) can be isolated from the pmiem and

S Pharmacol. 2003 ﬁi’&*i:;-‘ir;{iii{i%'}:‘?3—2..?41 Wit et al, b Allergy Clin Immunol. 20006

bl PIB(1 323341, E-published on 2006 Apr27). B cells so ssolated can be

3
¢

ransformed by Epstein-Bar virus to generate B cell hnes, T cells reactive 1o a drug
can be expanded i the presence of both the drug and autologous antigen-presenting
cels, The expanded T celis can then be exposed to a tost compound 1 the presence

30 of autologous antigen-presenting cells to determine whether the test compound can
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activate the T cells. Ifso. the test compound is a candidate that can induce the ADR
in a patient carrving the same HLA allele,
Without further elaboration, it is believed that the above description has

adequatsly enabled the present mvention. The following sxamples are, therefore, to

A 4

he construed as merely ilustrative, and not fimitative of the remainder of the

disclosure in any way whatsoever

EXAMPLE 1. Detection of HLA-B*1502 and HLA-B*3801 Using Resl-Time PCR

10 Genomic DNAS were extracted from a patient’s blood or saliva, Three pairs

of PCR primers cach targeting Regions | and 5, Regions 1 and 4, or Regions 1, 3 and
4 of HLA-B*1502 {see Fig. 1} were syvuthesized. In addition, one pair of primers
argeting Regions 2 and 4 of HLA-B¥5801 (sce Fig. 2} were synthesized. The
targeted regions were amplified and detected using SYRRY Green Real-Tinme PCR

13 system (Applied Biosystem). Briefly, the primers, the genomic DNASs, and the Power
SYBR™ Green PCR master mixture (incloded in the real-time PCR system) were
mixed together and the PCR was carried ot by: (1) activating polvimerase at 95° C for
10 minutes, (1) denaturing at 95° C for 15 seconds and annealing/elongating DNA
chains at 71° C for | minute, (i) conducting 40 cycles of

200 denatgring/anncaling/elongating, and (iv) disassociating the amplified product from
its template at 95°C for 15 seconds, and 60° C fur | minute. POR amplification of o
killer-cell immunogiobulin-kike receptor (KIR) was applied as an mniernal coutroi.
The presence or absence of HLA-B*1502 or HLA-B*5801 in a patient was
determined based on the Ct value of HLA-B* 1502 or HLA-B*5801 and the differonce

25 of Ctvalues (ACE value) botween HLA-B*1502/HLA-B* 3801 and KiK. The Cf value
(threshold evele) is determined by identifving the evele number at which the reporter
dve omission intensity is above backeround noise.  The threshold evcle 18 determined
at the most exponestial phase of the reaction and 15 more rehiable than end-point

measurements of accumulated PCR products ased by traditional PCR methods. The

-28-
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threshold cvele is inversely proportional to the copy number of the target femplate, the
greater the template number, the lower the threshold cycle measured,
| 70 genomic DNA samples extracted from human B cell tines and 35 genomic

DNA samples prepared from human blood or saliva were tested for detecting the

{J,

presence‘of HLA-B* 1502 foliowing the method deseribed above., The Ot vaiues of
HEA-B*1302 and KIR were in the range of 23-27 and 19-25, respectively. The
HEA-B*1502 were recognized as positive when the range of ACt between HLA-
B*1502 and KIR was smaller than 7. In these 170 supercontrol, 15 gDNA with
HELA-B* 1502 were present and were verified by Dynol® SSO Kits, and the results
10 indicate that both the sensitivity and speciticity of this method reach >99%.
170 genomic DNA samples extracted [rom human B cell hnes and 87 genonmc
DNA samples prepared from human blood or saliva were tested for detecting the
presence of HLA-B*3801 following the mcthod described above, For DNA samples
derived from HLA~B*3801 positive patients, the Ct values of HLA-B¥*3301 and KIR.
15 were in the range of 2228 and 10-26, respectively. The HLA-B*3801 were
recognized as positive when the range of ACt between HEA-B*3801 and KIR was
smalter than 7. For DNA samples dertved from HLA-B*38G1 negative patients, the
Ct value of HLA~B*5801 was about 34 and the ACH was greater than 13, in all the
samples, 31 gDNA were found HLA-B*S8( posttive and were verified by Dynal
20 SSO kits, These results indicate that both the sensitivity and speethionty reached
>99%a,

EXAMPLE 2. Detection of HLA-B* 1502 and HLA-R*5801 Usine CSSO-ELISA

The procedures for carrying out CSSQ-ELISA are oatlined in Fag. 3.

R
g

In general, using genomic DNAs as templates, PCRs were conducied o
prodace products which contain the specific regions shown in Figure 1 or Figure 2.
Either the Forward primer or the Reversed Primer was labeled with & I..igand H{LI),
which was recognizable by the Molecular § Iinked with an enzyvme { e.g. HRP} The
PCR reactions were designed and conducted to produce the products containmy one

30 ormove specific regions, Le., Repions 1-6'0of HLA-B¥1302 or Regions -6 of HLA-
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BHS801. Two compelitive sequence specific oligonucleotides (OSSO and (5502)
were designed. CSS501 specthically recognizes one of Regions 1-6 of HLASBY502 or
Regions [-6 of HLA-BF3R01, and C88Q2 was designed to prime to the common
type of HLA-B¥13 (Lo non-B* 1302 alleles or non-B*-3801. The CS501 was

5 labeled with Ligand 2, which 18 recognizabie by Molecuiar H coated onto a reaction
plateor strip.  The PCR products thus obtained were hybridized with the two CS80s
on the reaction plate or a strip . After washing away any free molecule, substrate of
the enzvine was added 1o the reaction plate, The enzymalic reaction, signaled by the
presence of 4 color, is mdicative of the presence of HLA-B* 1502 or HLLA-B¥3R01,

10

EXAMPLE 3. Correlation Between CBZ-induced SISSTEN and HEA-BY 1502
A total of 238 ADR patients (Mongoiowds or Mongolomd descendents) were
recruited either from Chang Gung Memorial Hospital or from several other medical
centers throughout Tatwan for this study.,  Thewr drug-taking history including dosage
13 and durabion, and the phenotypes of ADRs were recorded. The diagnostic criteria of

clinical mm;tz‘h{ﬁogy were defined a.e;:{:mw:iing fo R :qu cag, L nvest Dermatol.,

ﬁ

10% of body-surface arca, overlap SIS-TEN as skin detachment of 10~30%, and
as greater than 30%. SIS, overdap SAS-TEN and TEN are coltectively referred {0 as
20 SINTTEN.
f<or cach patient, the suspected drug was withdrawn and the patient ohserved
for svimptoms.  Patients who developed a cutancous ADR that did not subside upon
withdrawal of the drug were excluded.

According to the criteria desceribed above, 112 patients were diagnosed with

3
¢

S SINTEN and 120 patients bad a milder bypersensitivity roaction 0 various drags.

,s*-%.mong the 112 SISSTEN pationts, 42 were exposed to CBZ (fegretol), 17 had taken

731 gfﬁiol“Iiﬁﬁ‘-_i‘i‘lﬁﬂii patients were mcluded as controls, Volunteers from the
generat poputation of Tarwanese {n= 94; age range: 20 {0 80 vears) were also

30 recruited. The study was approved by the mstitutional review board, and informed
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consent was obtamed,
perforning a reverse hine blot assay using sequence-specific olizomucicotide (S85Q)

were purchased from DYNAL Biotech Lid. (Bromborough, UK POR products were

)

generated using biotinyiated primers for the second and the third exons of the HLA
class 1 or class 1 loci, and then hybridized to a line blot of 850 of probes
immaohilized on a nvion membrane. The presence of hiotinviated PCR product bound
to a spectiic probe 1s detecled using streptavidin-horseradish peroxsdase (HRP) and a
chromogenic, soluble substrate o prodace a blue "hine™ at the position of the positive

10 probe. The probe reactivity pattern was interpreted by the genotyping software Dynal
RELIT™M R0 (DYNAL Biotech Lid,; Bromboroush, UK Potential ambiguities were
turther resolved by sequence-based typing and DNA sequencing performed according
o the IHWG Technical Manual {(International Histocompatitnlity Working Group),
see Genomice Analysis of the Human MHC DNABased Typing for HLA Alleles and

153 Linked Polvmorphisms, Marcel G4 Tilanus, Editor i Chuet, ISBN No. 0-945278-

(rd-(,

the SpectroDESIGNER software (Sequenom, San Diego, CA, USAY. Multiplex

200 polymerase cham reactions {PCR) were performed, the unincorporated dNTPS were
dephosphoryiated using the shrimp aikaline phosphatase (Hotfman-LaRoche, Basel,
Switzerland), followed by primer extension. The purified primer extonsion reaction
was spotted onto a 384-clement silicon chip (SpectroCHIP, Sequenom), analyzed

using a Bruker Bittex HI MALDETOF SpectroREADER miass spectrometer

3
¢

-a,
\
K )

S {Sequenomi and specta processed with SpectroTYPER {Sequenom).
Allele frequencies m the different groups were compared by the Chi-square
comnparisons of multiple HLA alleles (Po) by multiptving the raw P values by the

observed number of HLA alleles present within the {oci, (dds ratios were ecalculated
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with Haldane's moditication, which adds 0.5 1o all cells to accommuodate possible
£QTQ Coumnts,

As shown it Table 1, a DNA variant allele i the HLA-B locus (HLA-

31502} was associated in patients with drug-induced SISTTEN, particutarly in
S patients receiving UBZ (tegretol).
Table 1. HLA-B*1382 frequency in 42 Tabwanese patients having ChZ~-induaced
SINTTEN
3¢

% - § £ o ’ . A - i YRR SR I ) e . PR ? Gdﬁs

L Allele Patents  Conbrpists  Conlbroisg®  Conirolsss LE Ratic s

3 5515w

N=42 N=142 N=04 N=73

CBMB02  42{100%)  9{8.3%% 13728 119447 36x10%

L RMS02 42 (100%) 5 {5.3%) 110.918 13832 2.15x10%

| BME0Z 42 {100%) I(4.1%)  9BO38 1712 Q.10

3 patients who had milder ADRs other than 845
*ogeneral Tahwanese population
*, patients who are CBZolerant
X2, Chi-aguare with Yales corraction
1S P, calcudated by multiphving the raw P vailues by the oheerved number of HLA-B alleles {351,

HLA-B* 1502 was detected in 42 of 42 (100%) SISTTEN patients who
recetved UCBZ. The aliele was also found 1n 17 of 33 (32%) SISATEN patients who
recetved other deugs (8 phenvimn, 2 allopurimod, 2 amoxietlin, 1 sulfasalazine, |

20 ketoprofen, 1 Thuprofen, and 2 unknown drugs). Particularly, 8 of 17 patients
{47.05%3 who developed SISATEN after taking phenyvitoin also carried the HLA-
871302 allele, On the other hand, the allele was only found m 4.1%% (3/73) of the
CBY-tolerant group, 0% {(0/32) of the phenytom-tolerant group, 6.3% (9/142) of the
patients who had milder ADRs other than 835, and 3.3% {(5/94) of the general

25 population., By using the tolerant group as a controd, the odds ratio, senstivity,
spectiicity, positive predictive value, and negative predictive value tor B¥15062
associated CBA-sindoced SISTTEN were 1712, 100%, 95 .89%, 96.0%, and 180%,

respectively, With such a high predictive value and sensitivity, tvping of this HLAB



4 A

0

WO 2007/134235

CA 02651954 2008-11-10

atlele can be used m wlentifving high-risk patienis {or drug-mnduced SIS/TEN,
partscalarly CBZ or phenytown induced SIS/TEN,

The mild ADRs induced by CBZ was found to be associated with another
allele, HLA-B*4681, 10 cut of 16 {062.5%) of the patients with these milder reactions
to CBZ had HLA-B740601, In contrast, the allele was only found m 26% (1973 of
the CBZ-tolerant group. The odds ratio for B¥4601 associated CBZ-induced milder
cutancous ADRs was 4.73, Consegquently, HLA-B*4601 can be used in the risk

assessment for mid cutansous ADR duced by UBZ.

Table 2. Phenotvpe/genotvpe data of paticnts having CBZ-mduced cataneous
ADRs

IHLA-B Genotype
B*1502/B*3802

{Phenotvpe

3% 1 302/R*4006

3% 1 302/B8% 3802
B 1502/B*3802

-c&rh.amﬂze‘pum
phenvion

IR*1502/B¥3802

(B%1502/B*4001
IB+1502/8%390}

Carbamarzeping [B*1S02/B*5801

Carbamazepine IB*1302/B*3801

IB*1502/R%]523

31 502/R¥4002
B+ 1502/B4006

PCT/US2007/068782
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HLA-B Genotype
113+ 1502/8%3802
IB*1502/8%4601
[B¥1301/8%1502
IB*1502/B¥5801

Phenotype

IB*1502/B%4601

{arbamazepine,
NSAID

181502

I+ 1502/B%3501
B 1502/B*4601
|31 502/B44601
3% 1502/B%5801
IB%1501/B%1502
IB*1502/B44001

carbamazepie, 5 |
meloxicam,. sulidane, (SIS (3% 1 502/B7 5801
rhenytomn : |

|39 1502/460
1B¥1502/5801
1B1502/4601
18150215502

carbamazepine,
phenytoin

1B*1502/4002

IB*1502/4001
1B*1502

carbamazepine,
phenyiom

Overlap SISTEN B*1502/4001
Overfap SISTEN IB*1502/4601
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HLA-B Genotype
B*1502/3802

imaculopapalar rash R 38017874601

Phenotype

lerythema maltiform

B¥4001/8¥4601

imaculopapular rash IR*1301/B¥4001

IB*4601/B*5401
I3*4001/B*4601

iAnd angioedema

imacuiopaputar rash

Carbamazepine,
NSAID

imaculopapular rash B*4001/8%4001

imacutopaputar rash R 01/B*SS02
Hip swelling, oral and

loenital ulcer

[B34601/3*5801

Carbamazepine IMaculopapular {B3¥460 1 /B3R

{ arbamazepine tAnd angroadema {3¥400 1

(Carbamazepine imacutopapular rash {B¥4001/B*5101

Carbamazeping imacutopapular rash 8*‘ 130179001

' 33*4-00 18740601
1B¥4601/B*5401
Carbamazepine macuiopapular rash ‘ 874601

Carbamazeping lerythema maltiform 1B*4601/5101

Carbamazepine imaculopapular rash

Carbamarepine lerythema multiform

EXAMPLE 4, Correlation Bebtwesn Alloparinol-Induced SINTEN and HLA-B®SE(1

HLA-B¥3801 was found to be associated with alopurmaol-mduced

SISATEN, This HLA-B allele was found in all 17 (100%) SJS/severe ADR patients
treated allopurinol {Tables 3 and 43, but was found in only 8% of the general
Tarwanese population (odds ratio 133, seasitivity H0%, specihicity 82%, positive

predictive value 84, 7%, negative predictive valae 100%, Pe=3.7x 17}, These

restty stgeest that HELA-BT3801 is a uscful genetic matker, either alone or in

PCT/US2007/068782
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ai iﬁ;}u.rin«:;ai 15 at risk for daveiﬂpiﬁ g SISTTEN.

Table 3. HLA-B®3861 frequeney in 17 Tatwanese patients with allopurinoel-
induaced severe catancous ADRS

Allele  Patients Controisi?  Conlrols2 Xe odds ratio P
=ty =144 =94

85801 17 {100%) 26(18.3%) 47 % 153 B 9 1x${)-10
B*5801 17 {100%) 7(180%) 417 155 3.7%10%

A patients who had ADRs other than allopurinolinduced culaneous ADR

v general Tafwanase population

A7, Chi-sguare with Yates comrection

He, calculated by mullipiying the raw P values by the observed number of HLA-B alleles {35).

Table 4. Phenotype/genotype data of patients with allopurinol-imduced

cutaneous AlRs

Phenotype HLA-B Genotype

**********************************************************************************************************************************

atlopyrnol S8 BR‘U?USB*,? 8{H

stopurinol S48 B*4001/B*5801

stopurmol

Pahent iD

Suspected drug
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atlopurinod SIS BA3901/B¥3R01
t
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ailnmmnoi

63 é*ﬂl-wp‘uﬁm‘;i S8 B*3001/3%5801
66 alopusiool | SIS B#4001/B*380]
6y A Hopurinod SIS B*1502/87 5801
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’f

23S and vascuditis on ii,g, B 4601/B7 3801

SIS, and lichenoid %BHOO {35801
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Patient ID  Suspected drug | Phenotype :H LA-B Genotype
72 allopurinot SIS EB"‘-@HG 3*5801
73 attoprinod SIS B*3101/B¥5801
74 §aii0pum 1303 TEN B*1301/5801
75 alfopring SIS B*5801
EXAMPLE 5. Correlation between HLA-BY3801 and Allopurinol-induced HSS

HLA-B73801 was also found 1o be linked to allopurinoi-induced HSS, which

includes cutaneous rash (e g, diffuse macoopapudar, exfohative dermatitis), fover,

cosmophilia, atypical circulating hymnphocyies, leukocytosis, acute hepatocetluiar
injury, or worsening renal function (Arcllanc et al., Ann. Pharmacother,, 27:337,
1993),

31 pabients were studied, among wiinch 21 bad 535, 3 8IS TEN, T TEN, and
15 HSS. In all enrolled cases, allopurinol was regarded as the offending drug if the
10 onset of ADR syndromies occurred within the first 2 months of allopurinol exposure
and the ADRs symptoms disappeared upon withdrawal of the drug. Pabients with any
of the followimg conditions were excluded: absence of symptoms alier re~exposure fo
allopurinod, and patients with midder skin eruption who did not meet the criterta of
HSS, SIS or TEN,

13 The onsel of HAS symptoms for all of the 31 patients was withan the tirst 2
months of allopurinol exposure and 2 patients bad a second attack within 2 days of re-

exposure 10 allopurined. Twelve patients recetved other drug(s) in addiion to
atlopurinol, but their medical records revealed no ADRDRs when these concomistant
medications were taken without altoparinol, Al patients had hyperuricemia andior
20 couty arthritts, as well as other chronie ginesses, metuding hypertension (1431,
chronie renal disease {16/31), and diabetes {(9731).
Nimety-¢ight goaty arthritis patients who had been on allopuninel for at least 6
months (means 38 months, range= 6-107 months) with no syadromies of ADRs were

inciuded as the aliopurinol-tolerant control. The sex distribution of tolerant group i
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comparable to general prevalence of gout in Clhanese people. Furthermore, 93 normal

subjects served as the normal control group. The demographic vanables of these 3

aroups are shown in Table §.

:JH

Table §. Demographie variables, dosage and daration of allopurinel expositre in
severe ADRs patients, tolerant patients, as well as normal subjects

S T T S S S T T S S S i T S S S S i T S S S S i T T S S S S L T S S S S L T T S S S S T T S S S T T S S S i T S S S S i T T S S S i T S S S S S T S T S S S L S S S S S L S T S S S L T T S S S L T S S S S T S S S S T T S S S i T S S S S S T S S S S S L S S S S S L T T S S S L T T S S S L T T S S S T S S S S i T T S S S T T S S S S T S S S S S T S S S S S T T T S S S T T S S S T T S S S e e

Severe ADRSs e { resel IR Normal Subjects
{n=31} Tolerant (p=98) 1=93)

N e e e e e e e e R R
Sex
Male 12 8O 52
Femals 19 2 41
Age {yedrs)
Median (range) 3T.9(IR-G) 37.3 (3 1-84) 53922480
Alopurinol dosage {ne/day)
....... Medimn (range) 143300300y 1392100400y 00 Noene

Duration of allopurinol exposure
Medisn (range) 8.2 days {1-56) 35 mwordths (6-1073 None

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt

I//I//I//Il!’p!,

///{/

i A A A A A A A A A

oA A A A AASS A A A SIS A A AAAA A A AAAASSASAAA A A A A

HLA-B*SEOT allele was present i all 31 (100%) ol the patients having

10 allopurinol-induced severe ADRs, in 16 {16.39%) of the 98 allopurinol-tolerant
patients {odds ratio 315, Pe < 07, and in 19 (209%) of the 93 normal subjects (odds
ratio 241, Pe <107, Relative to the allopurinoi-tolerant group. the absence of

ADRs, and the presence of this allele had a positive predictive value of 66%.

f‘j;

Accordingly, HLA-B™3801 15 a usetu] marker with high speciiicity (X4% ) and
sensiivity { 130%) for allopurimol-mduced severe ADRs, inclading cutancous ADRs
{e.g., SISTTEN or HSS) and allopurinei-induced DRESS {drug reaction with

eosinophilla and systemic symptoms),

EXAMPLE 6. Genetic Markers Equivalent to HEA-BZ 1302 or HELA-B*38(]
20 Cenetic markers near an HLA allele of interest {end 10 co~segregate, or show a
linkage disequilibrion, with the allele of mferest. As a result, the presence of these

markers {equivalent genctic markers} i3 mdicative of the presence of the allele.
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o test the incrdence of potential equuvalent genelic markers 1 patients with
ADRs, several markers 1o the HLA-B¥1502 haplotyvpe were determuned for thew
association with ADRs. Indeed, HLA markers of the HLA-B¥ 1502 haplotype, such
as DRBP*1202, Cw™0801, Cwr0806, A*H101, and MICAF019, had a significantly

high trequency m SISTTEN patients who had been exposed o UBZ { Tabie 6.

)

Markers associated with HLA-B¥3801 were also deternuned. Allele
distribution was analyzed in 4 patients who were homozyveous for HLA-B¥380] and
the ancestral haplotvpe of this atlele was delimed as meludmg HLA-AT3305,
Cw?0302, BP5801 and DRBIY030]. This ancestral haplotype was presented in 12
10 {38.7%) of the 31 allopurinol-ADRS patients (Table 73, but only in 7.1% of the

tolerant patients and 9.7% of the normal subjects.

Table 6. Correlation between markers of B*1302- ancestral haplotvpes and
ARy

(B 5  Allopurinod - General
Tolerant | SISTEN Population
{117 3) {17 {ty=04}

30400 1 18 1 S{5.3%)

(g d d d d d d g d o o o o o o o o o o & &

‘al% TEN \hidu

| {11-:-=-:42-} {1710}
HLA-B®§302 : CHO0%%) | 0 {08
HELA-C 0801 N {%@ 5) ND m u 7% 1 2(ILT%) 10 (10.6%)
HLA-OwY0R06 3{7.1%%) ND B0y 1 0% 1 0(%)
HLA-A™ 1101 | ND O] OND 28(29.8%)
HLA-DRBI®1202 | ND COOND 192070

A o o o o o d o o o o daddadodddddaddadsddsdadddaddsddas

Table 7. Freguencies of mdividual or combined loci of HLA-B*3881 ancestral
hapletype in patients with allopurinoi-induced severe ADRs, allopurinol-tolerant
patients, and in normal subjects

e S B B S A B S A A S A A S A0 A AL S0 A AL S A AL S AU A S A0 A B S0 A0 AL S0 AU AL S S0 A S S0 AL A S0 AL A S S0 A S S0 A AL S0 A0 AL S AU A S S0 A S S0 A0 A S0 AU AL S S0 AL S S0 A AL S0 A0 A S0 AU AL S S AL AL S0 A0 AL S S0 A S0 S0 A AL S0 AL AL S AU AL S0 S0 A AL S0 AL AL S0 AU AL S S0 A S S0 A AL S AL A S S0 A S S0 A0 S S0 U A S0 AU AL S AU A AL S AL A S0 S0 A S S0 AL R S0 A0 AL S AL A S AU A S S AU AL S AU AL S AU A AL S A AL S AU A S AU A S AU A AL AU AL AL S S0 AL S AU AL S S AL AL S AL AL L AR S S AL AL S AL

Allopurianni- Allopuringl- Noarmal
ADRS toterant Srgects
{n=31) {n=08) =933

e O 0 0 0 0 00 00 0 0 0 0 0 0 00 00 00 0 0 0 0 000 0000 0 0 0 0 0 0 0 0 0

HESROL 31 {100%) 16 {163%)  19{204%)

77

'l'//I//I//I//I//I//I//I//Illllllf}llllllllllllllll

Cw 302 29 {93.4%%) 15 {13.3%) 19 {20.4%)

A¥3303 20 {64.5%} 18 (18.4%%) 20 {21.5%)
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DREBIFEIGE 2H{O7.7%) V£ 14, 39%%) 1318, 19%)
R¥SROT, w0302 39 {91.5%) (S {15.3%) £ {20.4%)
BEIEDT, Cw*0302, A% 20 {63.5%%) 13 §13.3%) 16 {17.2%)
BEIROT, Cw0302, DRB MO O {6].3%) G {9 .2%) FOHE10.8%0)

B*3801, Cw*0302, A¥3303, DRBI*0301 2 {38,7%) 77 4%) 7{9.75%)

*yy v b vy bbby v b b r b b v bbb R R bR R R R R R R R R R R R R R R R R R AR R bR R R R R R R R R R R R R R R R PR R R R R R R R R R R R PR R PR R R R R R R R R PR R R R R R PR R R R R R R R R PR R AR R R R R R R R R PR R R R R R R R R PR R PR R R R R R R R R PR R R R R R R R R bR R R R R R R R YRR R R R R R R R R R R R R RV R R R YRR v R R R v R R v v Y v ey v

" Odds estio {AHopurinel-ADRs Tolorant): 315 (85% I, (8.3-5400.5), po= 7.5 x 10

)

“ Odds ratie (A BopurinobADRsNormal k. 241 (9% CL 4 041 pe o x 1T

5’/I//I//I//I//I//I//I//I//I//Illllllllllllllllllllllb

MHC markers associated with HLASB¥S801 were also determined using short
landem repeat polvmorphism assay {(STRP).  Bretly, twenty highly polymorphic
maicrosatellite markers located in the MHU region were selected from NCBI database
{Le. DON23E, DOSZYTE, DOSSH), D665, DON3RR, DOS2RT4, HLAU CAL,
HELABC CAZ,MIB, MICA, TNPd, BATZ CA, DOS273, DESI6t 3, DOQUAR,
(531132, DOSZ24H4, DASIRGT, DOSTA6H, and DG6STE83) The sverage heterozyposity

LFy

of these markers was .72 with an estimaled spacing of 230Kb.
H Priners were designed based on the sequences of these markers descrtbed in
the database. PCRs were carnied out to amplity and detect the presence or absence of
these markers in patients using GeneAmp 9700 thermocyclers (Applicd Biosystems,
Poster Oy, CA, USA)Y (Una S-ul volume contaaning 10 ng of genomic DNA and 0,33

M of each primer). Up o 6 POR products having appropriate sizes and displaving

':J’

fHluorescent signals were pooled before capiliary gel electrophoresis. The size of
polymorphic amphicons was determiined by electrophoresis of ABI 3730 BNA
sequencer H ppﬁed .Riasyst&m&:% using the LEZSO0 sive standard as an intornal size
program version 3.0 {App odd Biosystemns), Allele calling and binﬂing WETS

20 pertormed using the SAS progran,. Theee CEPH control mdividuals {1331-01, 1331
(2, 13472} and H20 were mcluded m all genotyping experiments for guality control
PUTPOSES

attopurmobanduced ADR patient group, but not m the atlopurninol-tolerant aroup,

-4}-
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using & hinkage disequilibrivm plot. In this hlock, a haplotype (MIB*358-MICA¥206-
TNFEAd* 140} near the HLA-B allele was identified. The association of this haplotype
with ADRs &s cousistent with the association of HLA-B*5801 with the same ADRs
(p=(1.0CG{8). By using STRP markers and sequencing of the MICA allele, all
altopurinoi-nduced ADR paticots were found to carry the same B allele (B¥3801 ),
MICA adiede (MICA¥00201 ) and TNF STRP marker (TNFd*140). Except for one

paticnt, alf others were also found (o carry the same MIB marker (MIB*358).

EXAMPLE 7. Cross-Reactivity of CBZ-Reactive T Cells 1o Oxcarbazepine and

Licarbazepiie
Two patients having CBZ-induced SIS/TEN were reenuted from Chang Gung

Memorial Hospital. One of the patients carried HLA-B¥1502/B%4601, the otber

HEA-B*1502/8*%5101. Genomic DNAs were exiracted from the patients using
PUREGENE DNA purilication system (Gentra systems, Minnesota, LISAY, The HELA-
B alleles were verilied using sequence-specific oligonucieotide reverse line blots |
(DYNAL Biotech Lid., Bromborough, UK.}

Peripheral blood monenuckear cells (PBMCs) were isolated from the patients
by Ficoll®-Isopaque (Pharmacia Fine Chemicals, Piscataway, NJ) density gradient
centritugation. A portion of the PBMCs were transformed by Epstein-Bar vinus to
estabiish autologous B-cell lines.

T colis reactive to UBZ were expanded as deseribed below, PBMCs prepared
from the patients were caltured in complete RPMI mediom contaning 10% beat-
inactivated human seram, H.-2 250/ml), and CBZ (25 ug/mb{Sigmai in g 3‘?0_(‘.'-, 3%
CO; Incubator for 7 days. The T cells were thon expanded by co-cudiwring with
rradiatied (S0Gy) antologous B cells in the presence of CBZ for 10 days. Afier 2
cveles of the above co-culturing procedure, the CBZ -activated T cells were collected
and subjected to ELISPOT assays (eBioscience).

The CBZ-reactive T cells were tested for their cross-reactivity to compounds
e.g., CBZ 14, 11-epoxide, Oxcarbazepine (brand same: trileptal), . Licarbazepine, and
sunhindac, Bnelly, T hvimphocovies (Sx1 0 cells) were mixed with autologous B cells

PR T 1Y - 2 OYNEIE w4 |
(3x1 cells) in 200 wd RPMI medium containing 10% FBS in the presence or absence
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of & test compound. The cells were then incubated for 24 hours in the wells of an
ELISPOT plate coated with anti-interferon ¢ amttbodies (Miltipore). After incubation,
the supermatant of the cell culture was collected and interferon~y contained theretn was

detected using antibody-mediated methods known i the art.

LN

Results from this study mdicate that CBZ-reactive T cells were cross-reactive

to CBZ 10, H-epoxide, Oxcarbazepine, and Licarbazepine, but not to Sulindac.

OTHER EMBODIMENTS
All of the features disclosed in this specification may be combined in any
13 combination. Each feature disclosed in this specification may be replaced by an
alternative fegture serving the same, eguivalent, or similar purpose. Thus, undess
expressty stated otherwise, each feature disclosed is only an example of & generic

series of equivalent or suntlar features.
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CLAIMS

1. A method of assessing a risk of a human patient for developing an adverse
drug reaction in response to a drug, comprising
detecting the presence of an HLA-B*1502 allele in a sample obtained from the
patient by:
1) probing the sample with nucleic acid that specifically hybridizes to the
HLA-B*1502 allele and determining if the oligonucleotide hybridizes to the
allele, wherein a determination that the oligonucleotide hybridizes to the HLA-

B*1502 allele indicates the presence of HLA-B*1502; or

i1) assaying the sample for at least one equivalent genetic marker of the HLA-

B*1502 selected from the group consisting of DRB1*1202, Cw*0801, Cw*0806,

A*1101 and MICA*019, wherein the presence of the equivalent genetic marker 1s

indicative of the presence of the allele; and

iii) determining that the patient has an increased risk for an adverse drug
reaction when HLA-B*1502 is detected in the patient sample, wherein the adverse
drug reaction is Stevens-Johnson syndrome or toxic epidermal necrolysis, and the

drug is oxcarbazepine or licarbazepine.

2. The method of claim 1, wherein the presence of HLA-B*1502 is detected.

3. The method of any one of claims 1-2, wherein the sample obtained from

the patient is a DNA sample.

4, The method of any one of claims 1-2, wherein the sample obtained from

the patient is a RNA sample, a protein sample, a cell sample, or a serum sample.

5. The method of any one of claims 1-4, wherein the sample is obtained from

peripheral blood, saliva, urine, or hair of the patient.

6. The method of any one of claims 1-5, wherein the adverse drug reaction is

Stevens-Johnson syndrome.
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7. The method of any one of claims 1-5, wherein the adverse drug reaction

1s toxic epidermal necrolysis.

8. The method of claim 1, wherein the drug is oxcarbazepine or
licarbazepine.

9. The method of claim 1, wherein the drug is licarbazepine.

WAT LAW\ 625059\1
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‘exampl:TMB

R e

S s T R ction plate

genonmic DNA




HLA-B*1502"%exon2+3-346-bp function | intron-2 45-bp.

GCT- GCC- ACT- CCA- TOA GOT- ATT- TCT- ACA- CC0- CCA- TCGT- CCC- GG CO0- GCC- GCG- GGG AGC: CCC- CCT- TCA: TOG: CAG- TOG:

GCT ACG- TOG- ACG- ACA- CCC- AGT- TGO TGA: GOT- TCG: ACA GOG- ACG- CCG- (G4 GTC G4 GOA TGS OG- CCC- GOG €G- CAT:

1
GGA- TAG- AGC- AGG- ACG- GGC- COG- AGT ATT- GGG+ ACC GG@ A- CAC- AGA TCT * CCA- ACA- CAC ACA- CTT- ACC GAG-

3 4
AGA- GCC- TGC: GGA- ACC- TGC- GG GCT ACT- ACA- ACC: AGA GOG- AGG- € OCT- CTC ACATCC- AGA- GGA TGT A @c
A

Contain'24.5bp in the balnk region (not listed in detail)

3
GCT- GO0 ACG: TGG- CGGC- 406+ ACG: GGC- GCC- TCC TCC 6a0- GE@ AlL- ACC AGT- OG- OCT- AQD- ACG GCA- AGG- ATT- ACA: TOG- CCC

TGA- 4G+ AGG- ACC: TGA- GCT- CCT- GCA- CCC- QOG- {66+ ACA 0GG- GG CTC: AGA- TCA CCC- ACC: GCA: AGT GGG+ ACG O0G- £CC

0
GTO- ACG- QUG- ACC AG@ OA- GAG- CCT- ACC- TGO AGG- GCC- TCT- GG TGO AGT GGC TCC- GCA' GAT- ACC- TGG- ACA- ACG- GGA- 8GG

AGA- (0C TOC AQC: GOG- C0G»
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